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When the bullet hits the target

Over the last few years the possibility of curing
myocardial infarction by taking advantage of
hematopoietic stem cells has became closer to real-
ity and hopes have been fostered by quite a large
body of studies suggesting that hematopoietic stem
cells are not limited to differentiating into mature
blood cells but can also mature into hepatic, intesti-
nal, neural, skeletal and cardiac cells. In a question-
able jargon expression this phenomenon is usually
referred to as stem cell plasticity. However, it should
be remembered that although many reports support
the idea that hematopoietic stem cells can transdif-
ferentiate into other cell types, the issue of
haematopoietic stem cell plasticity is still matter of
debate, and in some cases its existence has been
challenged.’?

Investigations suggesting the capacity of hemato-
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poietic bone marrow cells to generate cardiomy-
ocytes in vivo stem from the famous study by Orlic
and Anversa in mice® and have continued up to the
present with recents reports in human patient.*8 In
their first study (published in April 2001), Orlic and
colleagues showed that lineage-negative, c-kit pos-
itive bone marrow cells obtained from transgenic
mice expressing the enhanced green fluorescence
protein (EGFP), when injected into the peri-infarct-
ed left ventricle of a mouse, were able to contribute
to myocardial regeneration. The new developing tis-
sue comprised both proliferating myocytes and vas-
cular structures. This de novo generated cardiac tis-
sue was not observed outside the infarcted area and,
more importantly, it displayed the expected func-
tional competence.? These surprising results were
obtained in 40% of the mice which survived the
coronary ligation (a method frequently used to
induce an ischemic lesion in the experimental ani-
mal); on average around 50% of the new myocytes
in these mice expressed the EGFP, thus suggesting
their origin from the injected bone marrow cells. The
fact that in 60% of the cases new generation of car-
diomyocytes was not obtained was attributed by the
authors to the difficulty of injecting the 2.5 L of cell
suspension into the ventricle wall of a mouse with
the heart contracting at 600 beats per minute® A
few months after the publication of their paper in
Nature, Orlic and Anversa published a new study in
which they were able to show that also mobilized
bone marrow cells can repair the infarcted heart of
the mouse, with an improvement of the hemody-
namic parameters and of the survival of the animals.®
In this report, hematopoietic stem cells, mobilized
by stem cell factor and granulocyte colony-stimu-
lating factor, were able to home to the damaged
myocardium and to promote myocardial repair: this
was accomplished in 100% of the animals. In this
way, the authors were able to circumvent the above
reported difficulty of injecting cells into the cardiac
wall; in addition, bone marrow cell mobilization
eliminated the mortality and morbidity related to
cardiac surgery in the mouse. However, it should be
emphasized that in this experimental setting admin-
istration of the two mobilizing cytokines was start-
ed a few days before the induction of the infarction
by coronary ligation, making this model unsuitable
for application in human patients.

In the same year and successively, descriptions of
many other experimental models were published and
evidence reported that infarcted areas of the
myocardium could be rescued (at least in part) by
transplantation of different type of bone marrow-
derived cells, namely hematopoietic, endothelial, or
mesenchymal stem cells.'-'> Although in most of
these studies the intramyocardial transplantation was
the prefentially used way to deliver the hematopoi-
etic stem cells, in a few studies intravenous injection
was performed.”'3 At the same time, the first reports

of bone marrow-derived cells transplanted into
infarcted areas in human patients began to appear.
These early reports were aimed to prove the feasibil-
ity and safety of this strategy.*® Transplanted cells
were obtained either from bone marrow or from
peripheral blood. The autologous setting in which
these attempts were made, the impossibility of label-
ing the cells used for transplantation and the asso-
ciation with surgical or interventional revascularisa-
tion have made the role and effectiveness of cell
transplantation in myocardial recovery difficult to
assess. A common feature of all of these attempts
was the need for cardiac catheterization for the intra-
coronary infusion or intraventricular injection of the
mononuclear cells. This procedure, even when per-
formed by an expert cardiologist, is not without risk
and, of course, it would be appreciable if the delivery
of stem cells to the infarcted area could be achieved
through a simpler and safer route.

In this issue of Haematologica, Ciulla and col-
leagues show how bone marrow mononuclear cells
home to the injured myocardium after injection into
a peripheral vein in the rat.'® In their experimental
model they used a freeze-thaw technique to pro-
duce necrotic damage to the left ventricular wall of
the heart of a rat and seven days later they injected
labeled bone marrow derived-mononuclear cells into
the femoral vein. One week after injection, the ani-
mals were sacrificed and the presence of the inject-
ed population assessed in the heart and in other
organs. Interestingly, labeled cells were detected only
in the injured myocardium, whereas they were nev-
er found in other sites, with the exception of the
spleen and the bone marrow. The authors also
showed that most of the labeled cells in the infarct-
ed area were Thy=1* and some of them CD34+, sug-
gesting their hematopoietic origin. Thus, according
to the data reported in this paper, peripherally inject-
ed bone marrow mononuclear cells can traffic and
home to an injured area of the heart. This could pro-
vide the rationale for designing protocols in human
patients based on the peripheral intravenous admin-
istration of hematopoietic cells. Ciulla's paper also
raises the important question of what mechanism
underlies the homing of bone marrow cells to the
damaged myocardium. Based on the data reported
by the authors it is difficult to identify putative can-
didates involved in this process. Moreover, the ani-
mals were sacrificed only seven days after the injec-
tion, no quantification of the contribution of the
labeled cells to the injured area is reported and no
evidence of myocardial regeneration is assessed. In
this regard, the fact that labeled cells found in the
heart expressed CD34 and Thy-1 does not rule out
the possibility that these cells were of endothelial
origin. Nevertheless, the absence of labeled cells in
healthy organs (with the above mentioned exception
of the spleen and the bone marrow) and their pres-
ence only within the injured areas of the heart sug-
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gests that chemoattraction to these areas takes
place, possibly through a network of cyto- and
chemokines (and their cognate receptors on bone
marrow cells) which can be released by the dam-
aged heart. We do not yet know which molecules
and receptors drive bone marrow cells to the infarct-
ed areas, but recently we have learnt how the SDF-
1/CXCR4 axis plays a pivotal role in the mobilization
of hematopoietic stem cells from the bone marrow
to periphery and in homing after transplantation."”
It is possible to envisage a similar mechanism for
the migration of bone marrow mononuclear cells to
the infarcted heart. If, in coming years, the scientif-
ic community can clarify the real contribution of
(hematopoietic) stem cells to the repair of damaged
myocardium and identify the molecules that requlate
their migration, then we really will be close to the
possibility of curing myocardial infarction in human
patients through a simple injection of bone marrow
cells into a peripheral vein, as the study by Ciulla

and colleagues so tantalizingly suggests.
Vittorio Rosti, MD
Laboratory of Organ Transplantation,
IRCCS Policlinico San Matteo, Pavia, Italy.
E-mail: virosti@tin.it

References

—

Orkin SH. Stem cell alchemy. Nature Med 200;6:1212-3.

2. Lemischka I. A few thoughts about the plasticity of stem cells.
Exp Hematol 2002;30:848-52.

3. Orlic D, Kajstura J, Chimenti S, Jakoniuk I, Anderson SM, Li B,
et al. Bone marrow cells regenerate infarcted myocardium.
Nature 2001;410:701-5.

4. Strauer BE, Brehm M, Zeus T, Gattermann N, Hernandez A,
Sorg RV, et al. Intracoronary, human autologous stem cell
transplantation for myocardial regeneration following myocar-
dial infarction. Dtsch Med Wochenschr 2001;126: 932-8.

5. Strauer BE, Brehm M, Zeus T, Kostering M, Hernandez A, Sorg
RV, et al. Repair of infarcted myocardium by autologous intra-
coronary mononuclear bone marrow cells transplantation in
humans. Circulation 2002;106:1913-8.

6. Assmus B, Schachinger V, Teupe C, Britten M, Lehmann R,
Dobert N, et al. Transplantation of progenitor cells and regen-
eration enhancement in acute myocardial infarction. Circula-
tion 2002;106:3009-17.

7. Stamm C, Westphal B, Kleine HD, Petzsch M, Kittner C, Klinge
H, et al. Autologous bone marrow stem-cell transplantation for
myocardial regeneration. Lancet 2003;361: 45-6.

8. Tse HF, Kwong YL, Chan JKF, Lo G, Ho CH, Lan CP. Angiogen-
esis in ischemic myocardium by intramyocardial autologous
bone marrow mononuclear cells implantation. Lancet 2003;
361:47-9.

9. Orlic D, Kajstura J, Chimenti S, Limana F, Jakoniuk I, Quaini F,
et al. Mobilized bone marrow cells repair the infarcted heart,
improving function and survival. Proc Natl Acad Sci USA
2001;98:10344-9.

10. Wang JS, Shum-Tim D, Chedrawy E, Chiu RC. The coronary
delivery of stromal cells for myocardial regeneration: patho-
physiologic and therapeutic implications. J Thorac Cardiovasc
Surg 2001;122:699-705.

11.  Kocher AA, Schuster MD, Szabolcs MJ, Takuma S, Burkhoff D,
Wang J, et al. Neovascularization of ischemic myocardium by
human bone marrow derived angioblasts prevents cardiomy-
ocytes apoptosis, reduces remodeling and improves cardiac
function. Nature Med 2001;7:430-6.

12. Jackson KA, Majka SM, Wang H, Pocius J, Hartley CJ, Majesky

MW, et al. Regeneration of ischemic cardiac muscle and vas-

cular endothelium by adult stem cells. J Clin Invest 2001;

107:1395-402.

13.  Kawamoto A, Gwon HC, Iwaguro H, Yamaguchi Yi, Uchida S,
Masuda H. Therapeutic potential of ex vivo expanded endothe-
lial progenitor cells for myocardial ischemia. Circulation
2001;103:634-7.

14. Toma C, Pittenger MF, Cahill KS, Byrne BJ, Kessler PD. Human
mesenchymal stem cells differentiate to a cardiomyocyte phe-
notype in the adult murine heart. Circulation 2002;105: 93-
9

15.  Kawamoto A, Tkebuchava T, Yamaguchi JI, Nishimura H, Yoon
YS, Milliken C, et al. Intramyocardial transplantation of autol-
ogous endothelial progenitor cells for therapeutic neovascu-
larization of myocardial ischemia. Circulation 2003; 107:461-
8.

16. Ciulla MM, Lazzari L, Pacchiana R, Esposito A, Bosari S, Fer-
rero S, et al. Homing of peripherally injected bone marrow
cells in the rat after experimental myocardial injury. Haema-
tologica 2003;88:614-21.

17. Lapidot T, Petit I. Current undestanding of stem cell mobiliza-
tion: the role of chemokines, proteolytic enzymes, adhesion
molecules cytokines and stromal cells. Exp Hematol 2002;
30:973-81.

Thrombosis and malignancy:
an underestimated problem

Malignancy is a thrombophilic condition and there
is clinical evidence that patients with cancer have
a significantly increased risk of thrombosis. The
pathogenesis is multifactorial and, in great part,
relies on the capacity of tumor cells to interact with
the hemostatic system and activate it in several
ways. The association between cancer and throm-
bosis is clinically relevant because, on the one hand,
thrombosis can represent the first symptom of an
occult cancer and, on the other hand, thrombotic
events in patients with a known malignancy can
influence the morbidity and mortality of the under-
lying disease. Furthermore, it is important to be
aware that many factors, such as surgery and
chemotherapy, may increase the thrombotic risk in
cancer patients. Recently, a number of strategies for
prevention and management of thrombosis in can-
cer have been under evaluation.

The association between cancer and venous
thromboembolism (VTE) has been known for over a
hundred years. Since the beginning, this association
appeared to have a dual significance. First, there is
the concept that the occurrence of VTE is a common
complication of cancer, as underlined by Armand
Trousseau in 1865, who observed that «in cancer
there is a special condition of the blood predisposed
to spontaneous coagulation even in the absence of
inflammatory reactions». Second, the possibility of
a relation between the clotting mechanism and the
development of metastases was postulated as ear-
ly as 1878 by Billroth, who described cancer cells
within a thrombus and interpreted his finding as
evidence of the spread of tumor cells by throm-
boemboli.2 We here focus our attention mainly on
the first aspect.

The mechanisms of thrombus promotion in malig-
nancy include some general host responses to the
tumor (acute-phase, inflammation, angiogenesis,
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