

















that develop different and
specialized functions. Intensive
research in cardiovascular
diseases has focused on the use of
both vascular stem and progenitor
cells for the regeneration of new
blood vessels and heart muscle in
injured myocardium. In humans,
the peripheral blood is our major
source to study endothelial stem
and progenitor cells in PH. There
are three types of stem or
progenitor cells in the blood
circulation. First is the Endothelial
Colony Forming Cell (ECFC),
which is considered a true
endothelial stem cell. These cells
are rare in the circulation (~1,000
total in an adult blood circulation),
but can be expanded numerous
times when needed as the building
blocks of blood vessels. Thus, it is
logical to propose that healthy
ECFCs could be potentially helpful
to rebuild the lost microvessels in
the lungs of patients with PH, but
currently little is known about
ECFC in PH. In a study of a very
small group of patients, circulating
ECFC numbers were no different
than found in healthy individuals.
Further functional analysis of
ECFC in PH is currently ongoing.
The second type is the endothelial
progenitor cell, which is also found
in the circulation. Unlike ECFC,
these are bone marrow-derived
cells, which are identified by cell-
surface protein markers CD34 and
CD133. These cells are presentin
the circulation at low levels, and in
culture give rise to daughter
endothelial-like cells or Colony-
Forming Units of Endothelial Cells
(CFU-EC). Although still relatively
rare, these bone-marrow stem
cells are much more commonly
found in the circulation than ECFC
(~2,000,000 in an adult blood
circulation). The CFU-EC have the

ability to contribute to repair of
blood vessels, and are actually
believed to be the first cells to arrive
to the sites of vascular injury. The
current paradigm suggests that
these cells act fast by providing
temporary repair and subsequently
release signals that call to the
ECFC, which arrive to the site and
start the process of long lasting
regeneration. Our recent research
indicates that the circulating bone
marrow CD34/CD133 progenitor
cells are increased in the circulation
of patients with PH as compared to
healthy individuals. In fact, there
are some suggestions that these
cells may contribute to PH by

facilitating  excessive
blood vessel
proliferation and

abnormal repair, or
remodeling. Therapeutic
strategies that affect
bone marrow cell
proliferation and release
and thus inhibit these
progenitor cells are
currently in the pipeline.
The third type of
endothelial progenitor-
like cell in the blood
circulation s the
Circulating Angiogenic Cell (CAC).
These cells are derived from
monocytes, bone marrow
mononuclear cells that do not
expand and thus are not true
progenitors. However, CAC can
serve similar roles in vascular
health as CFU-EC. CAC are
present at normal levels in the
circulation of patients with PH.
Because of the limited expansion
capacity and their contribution to
vascular health, these cells have
been an attractive target for use in
a combined cell — gene therapy
approach for PH. Scientists have
over-expressed the gene that

produces nitric oxide, a molecule
that affects blood vessel growth
and vasodilatation, in CAC that are
then infused into patients with PH.
Very early stages of clinical trials
are ongoing, but studies in animal
models of PH suggest this may be
a promising approach. Further
information about this clinical trial
can be found on the
clinicaltrials.govwebsite
(http://clinicaltrials.gov/ct2/show/N
CT00469027?term=pulmonary+hy
pertension+and+stem-+cell&rank=
1). Non-endothelial stem cells are
recently also being considered as
transporter cells for gene therapy in
PH.

Overall, the many new
developments in stem cell
research and PH are highly
promising, but yet in early days.
The contributions of each of the
types of vascular stem and
progenitor cells to PH are still not
known, and this is important to
understand for optimizing
approaches. On the other hand,
while there is still substantial work
ahead of us before stem cells enter
into standard practice, safety and
efficacy clinical trials are ongoing,
and should provide a wealth of
information relevant to patient care
soon.
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Aronica, Mark

Honari G, Ellis SG, Wilkoff BL, Aronica MA, Svensson LG, Taylor JS.
Hypersensitivity reactions associated with endovascular devices (2008
July) 59:7-22.

Aytekin, Metin

Aytekin M, Comhair SA, de la Motte C, Bandyopadhyay SK, Farver CF,
Hascall VC, Erzurum SC, Dweik RA. High levels of Hyaluronan in Idiopat-
hic Pulmonary Arterial Hypertension American Journal Physiology Lung
Cell Molecular Physiology (2008 Nov) 295: 789-799.

Combhair, Suzy

Lara A, Khatri SB, Wang Z, Comhair SA, Xu W, Dweik RA, Bodine M, Le-
vison BS, Hammel J, Bleecker E, Busse W, Calhoun WJ, Castro M,
Chung KF, Curran-Everett D, Gaston B, Israel E, Jarjour N, Moore W, Pe-
ters SP, Teague WG, Wenzel S, Hazen SL, Erzurum SC Alterations of the
arginine metabolome in asthma National Heart, Lung, and Blood Institu-
te's Severe Asthma Research Program. American Journal of Respir Criti-
cal Care Med (2008 Oct) 1;178(7):673-81.

Dweik, Raed

Featured in the article Scientists Seek to Sniff Out Diseases Electronic
"Noses" May Someday Be Diagnostic Tools. M. J. Friedrich. JAMA. 2009;
301(6):585-586. The article notes Dr. Dweik’s research regarding exhaled
breath analysis. “The colorimetric sensor array, which is the size of a
desktop telephone, consists of 36 different chemically sensitive spots
(metalloporphyrins) embedded on a disposable cartridge. Each sensor, or
spot, contains different compounds that react to breath in different ways,
and the color of each spot changes based on the chemicals in the breath
that it interacts with, explained Dwelk.”
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Chambellan A, Leahy R, Xu W, Cruickshank PJ, Janocha A, Szabo K,
Cannady SB, Comhair SA, Erzurum SC Pivotal role of c-Fos in nitric
oxide synthase 2 expression in airway epithelial cells. Nitric Oxide. (2008
Dec 24). [Epub ahead of print]

Kirwan, John
1.Friedman, J.E., J.P. Kirwan, M. Jing, L. Presley, and P.M. Catalano. In-

creased skeletal muscle TNF-- and impaired insulin signaling persists in

obese GDM women 1 year postpartum. Diabetes. 57: 606-613, 2008.
2.Haus, J.M., S.R. Kashyap, T. Kasumoyv, R. Zhang, K.R. Kelly, R.A. DeF-
ronzo, and J.P. Kirwan. Plasma ceramides are elevated in obese subjects

with type 2 diabetes and are associated with the severity of insulin resis-
tance. Diabetes. Epub: Nov. 13, 2008.

Stuehr, Dennis

Tejero J, Biswas A, Wang ZQ, Page RC, Haque MM, Hemann C, Zweier
JL, Misra S, Stuehr DJ Stabilization and characterization of a heme-oxy
reaction intermediate in inducible nitric-oxide synthase. Journal of Biologi-
cal Chemistry. (2008 Nov 28) 283(48):33498-507.

Verbic, Mary Ann

P. P. Aung®, G. Murugesan, L. Zhang, J. Barmard, M. A. Verbic(1), Y. Hu,
Q. Wang, K. Kottke-Marchant. P2RY1 Gene Polymorphisms are Associa-
ted with Aspirin Resistance in Patients with A Family History of Myocardial
infarction. 1)Clinical Pathology, (2)Quantitative Health Sciences, (3)Car-
diovascular Medicine, (4)Pathology and Laboratory Medicine, Cleveland
Clinic, Cleveland, United States.

To learn more, visit our department on the web: http://www.lerner.ccf.org/pathobio
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