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ABSTRAK

Endothelial progenitor cells (EPCs) adalah sel yang berasal dari sumsum tulang dan bersirkulasi di davah
perifer: Sel ini memiliki karakteristik mivip stem cell (sel punca), tetapi dengan kemampuan berproliferasi
dan berdiferensiasi yang lebih terbatas. Penemuan EPC telah mengubah paradigma lama dalam bidang
biologi vaskular dan membawa implikasi besar dalam dunia kedokteran karena EPC dapat memediasi proses
vaskulogenesis dan menjaga integritas pembuluh darah. Peningkatan jumiah EPC dalam sirkulasi menjadi
penting karena berkorelasi positif dengan reendotelialisasi dan neovaskularisasi yang berhutbungan erat
dengan kesehatan kardiovaskular: Dengan demikian, EPC berpotensi digunakan uniuk terapi penvakit akibar
disfungsi endotel.

Kata kunci: endothelial progenitor cell, disfungsi endoiel, vaskulogenesis, reendotelialisasi.

AB CT

Endothelial progenitorcells (EPCs) are cell derived from bone marrow andthe cells civculate in peripheral
blood. These cells have characteristics similar to {5 cells, but their ability to proliferate and differentiate is
mare limited EPC discovery has changed the old paradigm in the field of vascular biology and it brings huge
implications in medicine as EPCs can mediate the processes of vasculogenesis and maintain the vascular integrity.
Increasing amowunt of EPC in the circulation is important since it has positive correlation with reendothelialization
and neovascularization and they are closely linked to cardiovascular health. Thus, EPC could potentially be
used for treatment of disease caused by endothelial dvsfunciion.

Key words: endothelial progenitor cell, endothelial dysfunction, vasculogenests, reendothelialization.

INT&)DUCTDN time. The cells have positive surface antigen

Endothelial progenitor cells (EPCs) are cells
derived from bone marrow and they circulate in
peripheral blood. The cells have characteristics
similar to stem cells. but their ability to proliferate
and differentiate is more limited, i.e. they only
can differentiate into endothelhial cells.'

In 1997. Asahara et al® has successfully
isolated EPC from peripheral blood for the first

for mucosialin (CD34) and vascular endothehal
growth factor recdfor-2 (VEGFR-2/FLK-1).
In vitro. the cells have a potency to develop
mto mature endothelial cells and in vivo, they
have roles in neoangiogenesis. Shi et al* have
demonstrated that mononuclear cells which
contain bone-marrow-derived-CID34+ surface
antigen can be mobilized to peripheral circulation
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and can differentiate into mature endothelial
cells. Since the discovery, mononuclear cells
of peripheral blood which ha@fCD34+ surface
antigen are believed to be derived from the
bone marrow and the cells are originated from
the same precursor of hematopoetic stem cells
(hemangioblast) since both of them show the
same surface antigen, i.e. which is positive to
CD34, prominin-1 (CD133) and FLK-1.**

The HC discovery has changed the old
paradigm in the field of vascular biology. which
believes that the process ol vasculogenesis
exclusively occurs only during embryogenesis.
Some evidences indicate that postmﬂl
neovascularization is not only derived from
proliferation, migration and remodeling of
endothelial cells on vascular wall (angiogenesis),
but it also involve EPC recruitment from bone
marrow, a process that has been known as
vasculogenesis.** The discovery has brought
huge implications in medicine as EPCs can
mediate the processes of vasculogenesis and
maigigin the vascular integrity.*

Risk factors for cardiovascular discases are
smoking, hypertension. diabetes mellitus and
dyslipidemia. which show reduced number of
EPCs. Thus, EPC could potentially be used for
treatment of 1schemic disease by mechanisms of
vasculogenesis through reendothelialization and
neovascularization. Both are the key process to
improve the quality of blood vessels and to repair
tissue 1schemia *?

MOBILIZATION, DIFFERENTIATION AND EPC
HOMING

The main sourc EPCs is bone marrow.
but the cells can also be 1solated from peripheral
and umbilical blood. In normal condition, the
number of EPCs from msc Various sources 1s
very limited; while the mobilization from bone
marrow and the number in the circulation are
extremely affected by endogenous, exogenous
factors as well as physiological and pathological
confiffions 1!

The release of EPCs from bone marrow is
affected by various growth factors. enzymes.
ligands and surface receplors. The natural
response of body tissues when there is hypoxia
1s mnereasing the production and secretion of

factors that stimulate neovascularization in
ord@ggo reduce hypoxia. In hypoxia state,
the hypoxia-inducible transcription factor-
1o (HIF-1e) induces tggscription of various
proangiogenic proteins such as VEGE, stromal
cell-derived factor-1 (SDF-1) and monocytes
chemotatic pr@g@n-1 (MCP-1), which will
actively recruit EPCs from bone marrow to the
cireulation and then guide them to hypoxic site.
Moreover, the local condition of bone marrow
has importanole in EPC mobilization. The
cytokines of Granuloeyte colony-stimulating
factor (G-CSF), matrix mefilloproteinases-9
(MMP-9). VEGEF. SDF-1, endothelial nitric
oxide synthases (eNOS) and Nitrie oxide (NO)
induce mobilization by interfering the interaction
between EPC and the stroma cells of bone
marrow, which allow EPCs to be released from
bone marrow through endothelial sinusoid and
entering the blood circulgon. The process is
the initial phase of EPCs mobilization from the
bone marrow.'>"?

The process of EPCs differentiation into
mature endothelial cells is still poorly understood.
Various studies found that VEGF induces
EPCs differentiation and the process of EPCs
differentiation into matuendothelial cells has
oceurred gradually since the migration of EPCs
from bone marrow to the systemic circulation. "

As aresponse to proinflammatory cytokines
released by hypoxic tissue, @flothelial cells will
increase the expressions of adhesion molecules
cells such as E-sellectin, intercellular adhesion
molecule-1 (ICAM-1), vascular adhesion
molecule-1 (VCAM-1) and [ 1-integrin, which
facilitate EPCs attachment to local endothelial
cells. Next, the EPCs secrete MMPs and
matrix metalloelastases (MMEs), which locally
impair extracellular matrix and it initiates
neovascularization.'?

Morphologically, EPCs cannot be identified,
but there are some spegfic markers that can be
used. In the early phase, the cells showed positive
response to CD133, CD34 and VEGFR-2. Cells
that shows positive response to those three
markers are mainly still in the bone marrow;
whiile the cells which are already present
in peripheral circulation show diminishing
expression of CD133; however, the expressions
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of CD34 and VEGFR-2 are still present. The
next development is the advance phase of EPC
(the mature endothelial cells), in which the
expression of CD34 has diminished. but ta
VEGFR-2 is still positive and the expressions of
vascular endothelial cadherin (VE-cad), platelet
endothelial cell adhesion molecule-1 (PECAM-1/
CD31) and von Willebrand factor (vWF) is
initiated.'"* Markers of EPCs mobilization
include SDF-1, MMP-9, GCS-F and eNOS.
Marker which shows the quantity of EPCs is the
expression of total CD34: while the marker for
EPCs quality are viable CD34. VEGFR-2 and
EPC culture cells

ENDOTHELIAL DYSFUNCTION AND THE
ROLE OF EPC

Endothelial cell is a layer of cell covering
the inner side of vascular wall. The cell responds
to each physical or chemical stirfgplation by
releasing appropriate substances to maintaffyy
vasomotor balance and vascular hemostasis. A
condition. m which the endothelial cell loses
its ability to maintain the bafggnce and when
the endothelial cells have lost its physiological
capacity to promote vasodilation, fibrinolysis
and antiagregation effect. is called as endothelial
dysg@ggjetion. "

The pathophysiology of endothelial
dysfunction is very compl@ggand involves
various mechanism through oxidative stress.
L.e. a condition with increased reactive oxygen
species (ROS) production and reduced
antioxidant level. Increased ROS causes
deprivation in NO availability. i.e. a substance
produced by endothelial cells through eNOS
activation.' Nitric oxide not only has a role
in EPCs mobilization, but it also has a role n
EPCs migration and proliferation." Moreover.
increased oxidative stress will initiate NF-kB that
may lead to inflammatory process as a beginning
of atherosclerfiffs process."”

There is a dynamic correlation between
inflammation, oxidative stress and EPCs
mobilization. Oxidative stress stimulates
inflammatory profggss. in which proinflammatory
cytokines will stimulate the production of
growth factors such as VEGL. that will further
stimulate EPCs mobilization to the circulation.
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Inflammation may have good and bad impacts on
EPCs. The limited and temporary inflammatory
response can stimulate EPCs mobilization: while
excessive and continuous response wifigause
reduced EPCs in the circulation. An in vitro
study has demonstrated that inflammation and
oxidative stress may affect EPC mobilization.
The presence of continuous factors causes
damages or continuous endothelial dysfunction
which may ultimately cause reduction or
ethtion in EPCs supply.”?

The number of EPCs in the eirculation
has negative correlati@with the degree of
endothelial dysfunction in patients with various
cardiovascular risk factors. There 1s a correlation
between the number of Hf's and endothelial
dysfunction, 1.¢. reduced number of EPCs can
predict the incidence of cardiovascular disease
mn tigm future. '*1?

The role of EPCs in vascular repair is through
normalization of endothelial function and
improvement of blood flow in injured vascular
area. Since endothelial cells are mature cells
which has poor capacity fggproliferate, i.e. only
about 0.01%.” therefore. EPCs play an important
role in maintaining endothelial layer through
reendothelialization and n@gjascularization. It
also indicates that EPCs can be used as a potential
therapy for treating endothelial dysfunction !
CONDITION AND FACTORS AFFECTING THE
NUMBER AND FUNCTION OF EPCS

The number of EPCs in the uircula@
of healthy individual is very limited, 1.e. less
than 1% of total bone marrow cells and less
than 0.01% of total mononuclear cells in
peripheral blood; however various factors and
conditions can affect its number agj function.®
Evidences of some studies show that patients
with cardiovascular risk factors such as age,
sex, smoking habits, hypertension, diabetes
mellitus (DM) and dyslipidemia have reduced
number and function of EPCs. In contrast. some
cytokines. hormones, medicines and physical
¥ vity can improve its number and function." A
study has demonstrated that the number of EPCs
1s inereased significantly for a short of time after
acute myocardium infarction (AMI) attack and
it reaches peak level on the seventh day after the
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attack and subsequently, the level reases.
Another study that evaluated the number of
CD34+ cells in patients with heart failure shows
that there is increasing biggisic response, i.e.
increased CD34+ cells in patients with Class 1
New York Heart Association (NYHA), but it is
reduced in patients with Class [V NYHA and
the number is even lower when compared with
control.*

There are physiological conditions affect the
number and function of EPCs, which include
different age, sex and physical activily. Estrogen
has been known as a rapid stimulator for
endothelial NO production and eNOS activation.
In addition. estrogen can also lower the level
of endogenous asymmetric dimethylarginin
(ADMA), which 1s the inhibitor of ¢eNOS.*
Fandini et al* have reported that the number
of EPC is greater in fertile female than male
subjects: m-‘cvcr. the difference has not been
found in postmenopausal women compared
to men of thEggame age. The difference can
represent the nsk of cardiovascular risk in men
and postmenopausal women, in which 1t is
correlated to the low mber of EPCs.

In aging process. there is also an imbalance
between production of free radicals and the
availability of antioxidant, There 1s a correlation
between ROS. inflammation and age. 1.¢e.
increased ROS level will potentially stimulate
chronic inflammation that ultimately will cause
impaired EPCs mobilization. Thus, 1t has also
been reported that there 1s reduced response
of EPC migration to VEGF in elderly age as
well as reduced clonogenic capacity of EPC
that has begun starting from@#fe middle age.*
Heiss et al*” have reported that the survival,
migration and proliferation capacity of the EPCs
are lower in those with older age. The findings
show that there is a negative effect of age on
EPC differentiation and proliferation, which is
correlated to cardiovascular risk.

PhysicdfBxercise causes increased NO
production. In a study thagggaluate the effect of
physical exercise on EPC in patients with stable
coronary artery disease (CAD), it found that
the number of EPC in the circulation increases
significantly and the apoptosis 1s reduced after
physical exercise for 28 days compared to the

first day of exercise. Increased EPC number
is correlated to higher NO availability after
[ sical exercise. The study demonstrates that
physical exereise increases the number of EPC
in bone marrow and peripheral blood. in which
the upregulation of EPC in physical exercise
depends on NO and VEGE.?*

Smoking is one of risk factors causing
endothelial dysfunction. The high legggof
oxidative stress in smoker can potentially affect
HEPC mobilizatton and sur
which there is 50% reduction of EPC number in
smiEys compared to the control *

Hypertension is also characterized by
endothelial dysfunction and reduced NO
availability. Endothelal dysfunction in patients
with early stage of hypertension can induce the
development of EPCs mobilization factor as
the mechanism of compensation in the body.
In the advanced stage of hypertension. which
has continuous process of oxidative stress and
inflammation, it will give contrary effect. 1.e.
reduced quality and quantity of EPCs.>" In
patients with hypertension there 1s accelerated
aging of EPCs and reduced activity of telomerase
that affect vascular remodeling ™

Dysfunction of EPCs in hypertension
causes endothelial repair and neoangiogenesis
cannot take place and it will worsen the
microvascular abnormality and atherosclerosis,
which 1s the beginning of target organ damage
in hypertension®! In a s@' of subjects with
refractory hypertension, number of EPCs
{295 reduced to 76.7% compared to the control 2
Angiotensin II accelerates the onset of EPCs
aging through increased oxidative stress.™ A
clinical trial in CAD patients has demonstrated
that ramipril can increase the number of EPCs
2-5 folds as well as its function.™ Treatment
using angiotensin Il receptor antagonist also
mereases the number of EPCs significantly, in
which olmesartan treatment can cause increased
EPCs from 231424 to 465+71; while irbesartan
treatment increases the number from 196+15 to
300gEW after 4-week treatment.*

In patients gith type 1 and type 2 DM,
there is reduced number and tion of EPC in
circulation. Tapper et al™ have demonstrated that
isolated EPCs [rom peripheral blood of patients

| in vivo. in
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with type 2 DM have reduced proliferation
capacity in the culture up to 48% compared to
normal individuals. Loomans et al’’ also have
reported similar results in patients with type 1
DM, i.e. there is reduced EPCs number of 44%
compared to the non-diabetics control group.
There is a significant increase of EPCs number
in DM patients who were treated with insulin
or oral diabetic agents.™ Insulin stimulates NO
production; while in insulin resistance, there is
an imbalance between endothelial damage and
the ability of repair. This condition is correlated
to reduced availability of NO, increased ROS
production and PI3K/Akt down-regulation. It is
potentially disrupt the process of vascular repair,
E@ich is the role of EPCs, including impaired
EPC mobilization from the bone marrow.*
Increased plasma cholesterol level has
significant correlafgfg with endothelial damage
and dysfunction. It has been proven that the
number of EPCs 1s reduced significantly in
@rents with hypercholesterolemia and the
ber of EPCs has negative correlation with
the level of total cholesterol and low density
lipoprotein (LDL) cholesterol *
) Anti-inflammatory agents and antioxidants
such as [IMG-CoA reduotas@jbimrs(statin)
have been proven to have positive effects
on EPC. Statin increases mobilization and
function of EPC through upregulation of PI3K/
Akt. The effeet of statin in mobilizing EPC
to the circulation 1s correlated with increased
reendothelialization and reduced neointima
resulting in reduced restenosis. '+

CLINICAL APPLICATION OF EPCs

Several studies have been conducted to sound
out the application of EPCs in clinical settings.
Although the basic biomolecular mechanism
of EPCs has not been fully understood. some
studies have shown promising results. Increasing
EPCs number in the circulation is essential as it
correlates positively with reendothelialization
and neovascularization, which has strong
association with cardiovascular health.

The use of EPCs as target therapy is based on
thegggults of some studies such as: local injection
or infusion of fresh CD34+ cells isolated {rom
human can accelerate the blood flow to the
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ischemic area in diabetic experimental animal
model. In a clinical trial, EPCs transplantation
to those with myocardium infarct, ischemia,
coronary arterial disease and heart failure has
been proven to be appropriate and safe.*

EPCs transplantation is one of pfgfising
strategies for restoring blood flow in ischemic
diseases such as ischemic heart disease and
perfgieral artery disease (PAD).* In a study
of transplantation of progenitor cells and
regeneration enhancement in acute m}rocarcm
mfarction (TOPCARE-AMI), EPCs was given by
intracoronary infusion to 20 patients with acute
myocardium mfarction. The study shows that
there 1s significant increase of ejection [raction,
smaller area of infarction and better perfusion of
myocardium.® As a target therapy, in addition
to its benefit for additional vascularization in
ischemic tissue. it can also be used to deliver
anti- or pro-angiogenic agents.”

The very limited number of EPCggill limit
the use of EPCs as a therapy. The number of
EPCs needed for therapy in human adults is
relatively large. i.e about 3x10® to 6x10* cells.
which means that 8.5-120 liter of peripheral
blood 1s necessary 10 generate adequate number
of EPCs.* To overcome the limitation. we need
an effort to expand the number of EPCs.

Some strategies that have been considered
as applied EPCs for treatment are:* 1) In vivo
expansion of EPCs. Some candidates can be used
to induce EI'C in vivo such as VEGE, GM-CST
and statin; 2) Ex vivo expansion @ EPC. The
strategy is performed by taking mononuclear
cells from peripheral blood of healthy individual
and then the cells are cultured. After obtaining
sufficient number of EPCs, the EPCs are then
injeci#jto ischemic area: 3) Local injection of
EPC. Loeal injection of SDF-1 can increase the
accumulation of the transplantedgf’C's resulting
in increased neovascularization. Combination of
SDF-1 local injection and EPCs transplantation
is a potential strategy for neovascularization
therapy; 4) EPCs modilication through gen
transfer. Various studies have been conducted
and still on going to enhance the effort of EPC
expansion including by genetic engineering.
1.e by transferring human telomerase reverse
transeriptase (WTERT) gene or coding genes for
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proangiogenesis factor such as VEGEF into EPCs.

THEROGNOSTIC VALUE OF EPCs

There 1s a correlation between the number of
s and endothelial dysfunction. 1.e. reduced

number of EPCs can predict the incidence
of cardiscular disease in the future. The
number EPCs isolated from the patients with
cardiovaseular nisk factors has a significant
negative correlation with the risk factor score
based on the Framingham score.*”

EPCs level is an independent predictor for
mortality due to chronic heart failure, in which
the level is not affected by the etiologies of
heart failure. instead it 1s more correlated to
clinical status of the patient evaluated by NYTIA
clﬁ‘]cation. EPCs level has been suggested to
be an additional marker for elinical follow up of
patigggs with chronic heart failure.*

The number of EPCs in the circulation is
@Fremely reduced in patients with type 2 DM,
metabolic syndrome and individuals with insulin
resistance. In those with metabolic syndrome, the
EPCs level has negative cmclalion with HOMA
score. The level of EPC in patients with type 1
and type 2 DM also has negative correlation with
HbAIC level.¥72862

CONCLUSION

Endothelial progenitor cell can be isolated
from peripheraffpod. in which the cells undergo
differentiation into mature endothelial cells and
are involved in reendothelialization as well as
neovascularization in endothelial dysfunction.
The cells is usually identified through positive
expressions of CD133, CD34 and VEGFR-2.
EPCs mobilization from bone marrow and its
number in circulation is extremely affected by
Edogenous and exogenous factors as well as
physiological and pathological ggnditions. The
cells have important roles in prevention and
E&rapy of cardiovascular diseases. The higher
the number of endothelial progenitor cells
circulation, the more protective it is for blood
vessels, particularly reendothelialization and
neovasculariZgfgpn of 1schemic tissue and EPCs
can be used as a predictor of cardiovascular
disease n the future.

REFERENCES

10.

Kovacic JC, Moore I, Helbert A, et al. Endothelial
progenitor cells. angioblast. and angiogenesis: old
term reconsidered from a current perspective. Trends
Cardiovase Med, 2008;18:45-51

Hnstov M, Ed W. Weber PC. Endothelial progenitor
cells 1solation and charactenization. Trends Cardiovase
Med. 2003;13:201-6.

Asahara T, Murchara T, Sullivan A, et al. Isolation of
puiative progenitor endothelial cells for angiogenesis.
Science. 1997:275:964-7.

Shi Q. Rafii S. Wu MH. et al. Evidence for circulating
bone marrow-derived endothelial cells. Blood.
1998:92:362-7.

Iwam Y. Masuda H, Asahara T. Endothelial progenitor
cells: past, state of the art, and future. J Cell Mol Med.
2004:8(4):488-97.

Smadja DM, Comet A, Emmench I, et al. Endothelial
progemtor cells: characterization, in vitro expansion,
and prospects for autologous cell therapy. Cell Biol
Toxicol. 2007:23:223-39,

Zampetaki A, Kirton PK. Xu Q. Vascular repair
by endothelial progenitor cells. Cardiovase Res.
2008:78:413-21

Eguchi M, Masuda H, Asahara T. Endothelial
progenitor cells for postnatal vasculogenesis. Clin Exp
Nephrol. 2007 11:18-25.

Urbich C. Dimmeler S. Endothelial progenitor cells,
characterization and role in vascular biology. Cire Res.
2004:95:343-33.

Gross P. Herbrig K. Role of endothehal progenitor cells
in cardiovascular. Pathology Rocz Akad Med Bialymst.
2004:49:174-7.

. Hnstov M. Weber PC. Endothelial progemtor cells:

characterization, pathophysiology, and possible clinical
relevance. J Cell Mol Med. 2004;8:498-508.

. Krenning G, van Luyn MJ. Harmsen MC. Endothelial

progenitor cell-based neovasculanzation: implications
for therapy. Trends Mol Med. 2009, 15(4): 180-7.

. Tousoulis D, Andreou 1. Antoniades C. et al. Role

of inflammation and oxidative stress in endothelial
progenitor cells function and mobilization:
therapeutic implications for cardiovascular disease.
Atherosclerosis. 2008;201:236-47,

. Esper RI. Nordaby RA_ Vilarmo LO, etal. Endothelial

dysfunction: a comprehensive apprmsal. Cardiovase
Diabetol. 2006:23(5):1-18

. Endemann DH, Schiffrin EL. Endothelial dysfunction.

JAm Soc Nephrol. 2004:15:83-92.

. Duda DG, Fukumura [, Jain RK. Role of eNOS in

neovasculanzation: NO for endothehal progenitor
cells. Trends Mol Med. 2004;10(4):143-5.

. Bowie A, O'Neill LAJ, Oxidative stress and nuclear

factor-|kappa|B activation: areassessment of the
evidence in the hight of recent discovenes. Biochem
Pharmaeol 2000:59:13-23.

345




Rahmawati Minhajat

Acta Med Indones-Indones | Intern Med

18.

20

21

22

23.

24

25,

26.

27.

28.

29,

30.

3]

32

i3

Case J, Ingram DA, Haneline. Oxidative stress impairs
endothelial progenitor cell function. Antioxid Redox
Signal. 2008:10:1895-907

Hill IM, Zalos G, Halcox JP. Circulating endothelial
progenitor cells, vascular function. and cardiovascular
risk. N Engl J Med. 2003:348:593-600.

Fenton RG. Longo DL. Cancer cell biology and
angiogenesis. In: Kasper DI. Braunwald E, Fauci AS,
eds. Harrison’s principles of internal medicine. New
York: Mc-GrawHill: 2005, p. 453-64.

Hristov M. Erl W, Weber PC. Endothelial progenitor
cells mobilization, differentiation, and homing.
Arterioscler Thromb Vase Biol. 2003:23:1185-9.
Shintani 8. Murohara T, [keda H. et al. Mobilization
of endothelial progemitor cells in patients with acute
myocardial infarction. Circulation. 2001:103:2776-9,
Valgimigh M, Rigolin GM, Fucili A, etal. CD34+ and
endothelial progenitor cells in patients with vanous
degrees of congestive heart failure. Circulation,
2004:110:1209-12.

Davidson S, Davis SR. New markers for cardiovaseular
disease risk in women: impact of endogenous estrogen
status and exogenous postmenopausal hormone
therapy. I Clin Endocnnol Metab. 2003:88(6):2470-2.
Fadini GP, de Kreutzenberg S, Albiero M, et al.
Gender differences i endothelial progenitor cells and
cardiovascular risk profile: the role of female estrogens.
Arterioscler Thromb Vasc Biol. 2008:28(5%997-1004.
Hoetzer GL, Guilder GP, [rmiger HM, et al. Aging,
exercise, and endothehial progenitor cell clonogenic
and migratory capacity in men. J Appl Physiol.
2007,102:847-52.

Heiss C. Keymel 8, Niesler U, et al, Impaired
progenitor cell activity in age-related endothelial
dysfunction. J Am Coll Cardiol. 2005:45.1441-8.
Laufs U, Wemner N, Link A, et al. Physical training
increases endothelial progenitor cells, inhibits
neointima formation, and enhances angiogenesis,
Circulation. 2004;109:220-6

Michaud SE, Dussault 8, Haddad P, et al. Circulating
endothelial progenitor cells from healthy smokers
exhibit impaired functional activities. Atherosclerosis.
2006:,187:423-32,

Imamshi T, Monwaki C, Hano T. et al. Endothelial
progenitor cell senescence is accelerated in both
experimental hypertensive rats and patients with
essential hypertension. J Hypertens. 2005:23:1831 -7,
Zonneveld AJ, Rabelink TJ. Endothelial progenitor
cells: biology and therapeutic potential in hypertension.
Curr Opin Nephrol Hypertens. 2006,15:167-72.
Oliveras A, Soler M, Estrada AM. et al. Endothelial
progenitor cells are reduced in refractory hypertension.
J Hum Hypertens, 2006,22: 183-90.

Kobayashi K., Imanishi T, Akasaka T, et al, Endothelial
progenitor cell differentiation and senescence in an
angiotensin II-Infusion rat model. Hypertens Res.
2006,29:449-55.

346

34,

37.

38

40.

41,

42,

44

45.

46.

47,

438,

Min TQ, Zhu CJ, Xiang WX, et al. Improvement in
endothelial progenitor cells from peripheral blood by
ramipril therapy in patients with stable coronary artery
disease. Cardiovase Drugs Ther. 2004:18:203-9.
Bahlmann FH. de Groot K, Mueller O, et al.
Stimulation of endothehial progenitor cells. a new
putative therapeutic effect of angiotensin Il receptor
antagonis. Hypertension, 2003:45:526-9.

Tepper OM. Galiano RD, Capla J, et al. Human
endothelial progenitor cells from type I diabetics
exhibit impaired proliferation, adhesion, and
incorporation into vascular structures. Circulation.
2002:106(22):2781-6.

Loomans CJ. de Koning EJ, Staal FJ, et al. Endothelial
progenitor cell dysfunction: a novel concept in the
pathogenesis of vascular complications of type |
diabetes. Diabetes. 2004: 53(1):195-9.

Kusuyama T. Omura T, Nishiva D, et al. Effects of
treatment for diabetes mellitus on circulating vascular
progenitor cells. J Pharmacol Sei. 2006;102:96-102.
Cubbon RM. Rajwani A, Wheatcroft SB. The impact
of insulin resistance on endothelial function, progenitor
cells and repair. DiabVasc Dis Res. 2007,4:103-11.
Chen JZ, Zhang R, Tao QM. et al. Number and activity
of endothehal progenitor cells from peripheral blood
in patients with hvpercholesterolaemia. Clin Sci.
2004;107:273-80.

Dimmeler 8. Aicher A, Vasa M, et al. HMG-CoA
reductase inhibitors (statin) increase endothelial
progenitor cells via the PI3-kinase/Akt pathway. JClin
Invest. 2001 108(3%:391-7.

Pirro M, Schillaci G, Romagno PF, et al. Influence
of short-term rosuvastatin therapy on endothelial
progenitor cells and endothelial function. J Cardiovasc
Pharmacol Ther. 2009:14(1):14-21.

Shantsila E, Watson T, Lip GY. Endothelial progenitor
cells in cardiovascular disorders. J Am Coll Cardiol.
2007:49:741-52,

Murasawa 8, Asahara T. Cardiogenic potential of
endothelial progenitor cells. Ther Adv Cardiovase Dis.
2008:2:341-8.

Assmus B, SchachingerV, Teupe C. etal. Transplantation
of progenitor cells and regeneration enhancement in
acute myocardial infarction (TOPCARE-AMI).
Circulation. 2002;106:r53 161.

Kuwamoto A, Tkebuchava T, Yamaguchi JI, et al. Intra
myocardial transplantation of autologous endothelial
progenitor cells for therapeutic neovascularnization of
myocardial ischemia. Circulation. 2003;107:461-8.
Werner N, Kosiol 8, Schiegl T, et al. Circulating
endothelial progenitor cells and cardiovascular
outcomes. N Engl ] Med. 2005:353:999-1007
Michowitz Y, Goldstein E, Wexler D, et al. Circulating
endothelial progenitor cells and clinical outcome
in patients with congestive heart failure. Heart.
2007,93:1046-50,




Vol 47 « Number4 « October 2015 The role of endothelial progenitor cell in cardiovascular disease risk factors

49. Fadini GP., de Kreutzenberg 8V, Coracina A, et al
Circulating CD34+ cells, metabolic syndrome, and
cardiovascular risk. Eur Heart J. 2006,27:2247-55

Fadini GP. de Kreutzenberg SV, Coracina A, et al,

v

Circulating CD34+ cells, metabolic syndrome, and
cardiovascular nsk. Eur Heart J. 2006:27:2247-55.




Rahmawati_Endothelial_Progenitor Cardiovascular.pdf

ORIGINALITY REPORT

w22 15 W24 414

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Qiang Tan, Shuangyue Zhang, Ximing Qi, y 2
Xiaoyi Zou, Qiang Sun. "Permanent atrial °
fibrillation impairs the function of circulating
endothelial progenitor cells", Postgraduate
Medicine, 2017

Publication

Estefania Nova-Lamperti, Felipe Zuniga, o 2
Valeska Ormazabal, Carlos Escudero, Claudio °
Aguayo. "Chapter 10 Vascular Regeneration by
Endothelial Progenitor Cells in Health and
Diseases”, InTech, 2016

Publication

Systems Biology of Free Radicals and y 1
Antioxidants, 2014. ©
Publication
link.springer.com

Internet SF?)urceg %1

medicineasfakiakianakis.blogspot.com Y 1
0

Internet Source

El

atvb.ahajournals.org



Internet Source

%1

5]

www.ncbi.nim.nih.gov

Internet Source

%1

Nikos Werner, Georg Nickenig. "Endothelial
progenitor cells in health and atherosclerotic
disease", Annals of Medicine, 2009

Publication

Al

Ira.le.ac.uk

Internet Source

Al

www.inaactamedica.or

Internet Source 2 <0/01
archive.or

Internet Source v <0/01

Eﬁlglggglar Mechanisms of Angiogenesis, 2014. <%1
A. Liew. "Endothelial progenitor cells for the

o <%
treatment of diabetic vasculopathy: panacea or
Pandora?s box?", Diabetes Obesity and
Metabolism, 9/6/2007
Publication

Tousoulis, D.. "Role of inflammation and <%1

oxidative stress in endothelial progenitor cell
function and mobilization: Therapeutic
implications for cardiovascular diseases”,



Atherosclerosis, 200812

Publication

edoc.site
Internet Source <cy01
Jujo, K.. "Endothelial progenitor cells in
warbape . <9
neovascularization of infarcted myocardium®,
Journal of Molecular and Cellular Cardiology,
200810
Publication
www.circ.ahajournals.or
Internet Source J g <0/01
circ.ahajournals.or
Internet Souche g <cy01
Blochgmlcal B§S|s and Therapeutic Implications <%1
of Angiogenesis, 2013.
Publication
M. Jevon. Progelnltor cells and vascular. <%1
disease : Progenitor cells and vascular disease”,
Cell Proliferation, 12/20/2007
Publication
Martin Steinmetz. "Synergistic effects of <%1

telmisartan and simvastatin on endothelial
progenitor cells”, Journal of Cellular and
Molecular Medicine, 06/2009

Publication

Submitted to The University of Manchester



Student Paper

<01
!\l. V\./ern.er. "Clinical ahd therapeutical | <%1
implications of EPC biology in atherosclerosis”,
Journal of Cellular and Molecular Medicine,
4/2006
Publication
Submitted to Universitas Hasanuddin
Student Paper <cy01
Satoshi Murasawa, Takayuki Asahara. "Review: <, 1
Cardiogenic potential of endothelial progenitor °
cells", Therapeutic Advances in Cardiovascular
Disease, 2008
Publication
Dael Geft, Shmuel Schwartzenberg, Jacob <, 1
George. "Circulating endothelial progenitor cells °
in cardiovascular disorders", Expert Review of
Cardiovascular Therapy, 2014
Publication
"Posters - thursday 26th april.", Diabetes and <%1
Vascular Disease Research, 2007
Publication
journals.ohiolink.edu
JInternet Source <0/01
Mihail Hristov. "Endothelial progenitor cells: <%1

characterization, pathophysiology, and possible



