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The relative importance of bonemarrow-derived cell populations to
adult neovascularization is not clear. There are increasing evidences
that myeloid cell lineage may play a role in neovascularization [1–4]. In
a previous report, we demonstrated that Gr-1+CD11b+ myeloid cells
improve both angiogenesis and vasculogenesis in tumor [1]. A recent
report by Kim et al. showed that muscle-derived Gr1(dim)CD11b(+)
myeloid cells enhance neovascularization in an ischemic hind limb

model [3]. Similarly, a study with the same ischemic hindlimb model
also verified the enhanced neovascularization properties uniquely
associated with proangiogenic cells derived from common myeloid
progenitors [4]. In the present study, we further investigated whether
intravenous administration of Gr1+CD11b+ myeloid cells increases
neovascularization and improves cardiac function after heart infarction.

C57BL/6 mice were purchased from Jackson Lab. All animals
received humane care and the study protocols were approved by the
Vanderbilt Medical University Animal Care and Use Committee.

We sorted Gr-1+CD11b+myeloid cells from the spleens of mice as
previously described [5]. To investigate whether Gr-1+CD11b+
myeloid cells increase angiogenesis in vitro, we cultured Gr-1+
CD11b+ myeloid cells with aortic ring [6]. At the seventh day, we
found that endothelial sprouts in Gr-1+CD11b+ myeloid cell treated
group are significantly more than that in no cell treated group (23.2 ±
3.7 versus 13.4 ± 2.4 control, p b 0.01, n = 5 in each group, Fig. 1A and
B), which indicated that Gr-1+CD11b+ myeloid cells increase
angiogenesis in vitro. In order to see whether Gr-1+CD11b+ myeloid
cells increase angiogenesis in vivo, we performed dorsal windowmodel
in mice [7]. We injected Gr-1+CD11b+ myeloid cells into tail vain of
mice to see whether injected Gr-1+CD11b+myeloid cells home to the
site of window chamber. By tracing Gr-1+CD11b+ myeloid cells
marked with PKH-26 (Fig. 1C-a), we found that the Gr-1+CD11b+
myeloid cells home to the site of thewindow chamber after intravenous
injection (Fig. 1C-b). We further found the intravenous injection of Gr-
1+CD11b+myeloid cells that obviously increase blood vessel branches
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at the site of window chamber, compared with saline treated groups,
which suggested that the Gr-1+CD11b+ myeloid cells also increase
angiogenesis in vivo (Fig. 1D).

Next, we injected Gr-1+CD11b+ myeloid cells via tail vain to see
whether Gr-1+CD11b+ myeloid cells improve heart function after
heart infarctionwith amodel of LAD ligation inmice [8]. After 4 weeksof
LAD ligation and myeloid cell injection, the cardiac function was
evaluated by echocardiography. The measured index indicated that

myeloid cells significantly improve heart FS (37.2 ± 7.8% versus 27.3 ±
7.2% control, p b 0.05, n = 5 in each group, Fig. 2A and B). The hearts
were harvested after 4 weeks, and Masson's trichrome staining was
performed [9]. The results indicated that myeloid cells significantly
decrease infarct size after LAD ligation (28.9 ± 7.4% versus 45.8 ± 5.0%
control, p b 0.01, n = 5 in each group, Fig. 2C and D). We further
performed capillary density measurement and tracing myeloid cells
marked with PKH-26 in the infarct hearts. The results showed that
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Fig. 1. Gr-1+CD11b+myeloid cells increase angiogenesis in vitro and in vivo. (A) Representative endothelial sprouts after 7 days of aortic ring sprouts assay. a, aorta ring culturewith
no cells; b, aorta ring culture with Gr-1+CD11b+myeloid cells. Magnification ×10. (B) Gr-1+CD11b+myeloid cells significantly increase endothelial sprouts compared with no cell
treatment, *p b 0.01 versus EGM. (C) Gr-1+CD11b+myeloid cells home to the site ofwindow chamber after injection from tail vain. a, Gr-1+CD11b+myeloid cellsmarkedwith PKH-26.
Magnification×100.b,Gr-1+CD11b+myeloid cells homed to the site ofwindowchamber.Magnification×40. (D)Gr-1+CD11b+myeloid cells increase angiogenesis inwindowchamber.
a, saline treatment; b, Gr-1+CD11b+ myeloid cell treatment. Magnification ×10.
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myeloid cells significantly increase capillary density in the board area of
infarction (159.2 ± 13.3 versus 96.8 ± 9.0 control, p b 0.01, n = 5 in
each group Fig. 2E and F). By tracing the myeloid cells and
immunostaining of endothelial cells with anti-CD31 antibody, we
found a few Gr-1+CD11b+ myeloid cells incorporate into vasculature

(Fig. 2G). These indicated that Gr-1+CD11b+ myeloid cells improve
cardiac function after heart infarction via both angiogenesis and
vasculogenesis.

In conclusion, the intravenous administration of Gr-1+CD11b+
myeloid cells increases neovascularization and improves cardiac
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Fig. 2. Intravenous injection of Gr-1+CD11b+ myeloid cells improves cardiac function and decreases cardiac infarct size after heart infarction via increasing neovascularization.
(A) Representative echocardiography of heart after 4 weeks of LAD ligation. a, Gr-1+CD11b+myeloid cells injected from tail vain; b, saline injected from tail vain. (B) Gr-1+CD11b+
myeloid cells significantly improve FS after heart infarction compared with saline, *p b 0.05 versus saline, n = 5 in each group. (C) Representative Masson's trichrome staining of the
heart after 4 weeks of heart infarction. a, Gr-1+CD11b+myeloid cell treatment; b, saline treatment. (D) Gr-1+CD11b+myeloid cells significantly decrease cardiac infarct size after
heart infarction compared with saline, **p b 0.01 versus saline, n = 5 in each group. (E) Representative capillary density measurement in peri-infarct area of the heart. a, saline
treatment; b, Gr-1+CD11b+ myeloid cell treatment. Magnification ×200. (F) Gr-1+CD11b+ myeloid cells significantly increase angiogenesis in the peri-infarct area after heart
infarction, *p b 0.01 versus saline, n = 5 in each group. (G) Florescent imaging of theheart after intravenous injection ofGr-1+CD11b+myeloid cells. a, endothelial cells stainedwith anti-
CD31 (green); b, Gr-1+CD11b+ myeloid cells marked with PKH-26 (red); c, some of the Gr-1+CD11b+ myeloid cells incorporate into vasculature (yellow). Magnification ×200.
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function after heart infarction. The Gr-1+CD11b+ myeloid cells could
be used as a potential cell source in the field of cell therapy for ischemic
cardiovascular diseases.
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It is known that immunoglobin E (IgE) is an important regulator of
allergic reactions because it activates mast cells to release their
inflammatory mediators by binding to high affinity FcεRI receptors
situated on the mast cell surface. Inflammatory mediators such as
histamine, neutral proteases, arachidonic acid products, platelet
activating factor and a variety of cytokines and chemokines released
during the activation process can induce coronary artery spasm and
atheromatous plaque erosion and rupture culminating in the
development of Kounis syndrome [1]. In addition to mast cells, other
inflammatory cells such as dendritic cells, eosinophils, platelets,
monocytes, and macrophages also bear high affinity receptors on
their surfaces [2]. Therefore, IgE's targets likely extend beyond mast
cells in order to induce coronary events and Kounis syndrome.

In the very interesting analysis published in this journal [3] Dr Ivy
Shiue commenting on a national population-based multi-year cross-
sectional study conducted by United States National Health and
Nutritional Survey 2005–2006 (NHANES), wondered if higher serum
IgE antibody concentrations are associated with adult cardiovascular
disease. NHANES 2005–2006 collected questionnaire and laboratory
data on United States citizens and was also the first nationwide

assessment of serum total IgE and specific IgE. This study showed that
people with higher total IgE levels were likely to have coronary heart
disease and only shrimp serum specific IgE antibody was significantly
associated with coronary heart disease. Dr Shiue added that although
an association between total serum IgE concentrations, shrimp specific
antibody and coronary heart disease was found, causality cannot be
established and suggested future studies with very large study
populations.

Similar results have been found in previous studies. In a cross-
sectional population study [4] which was carried out on a group of 262
men and 315 women, a statistically significant positive correlation
between increased IgE levels in men and previous myocardial
infarction, stroke and peripheral arterial disease was found irrespective
of total cholesterol and LDL levels. In another study [5] concerning 156
patients with coronary heart disease who were admitted to
cardiological wards, total IgE levels were found to be significantly
higher in patients with unstable angina and acute myocardial infarction
compared to patients with stable angina and controls. In a prospective
[6] study of 621 patients followed for about nine years, a significant
correlation between the increased IgE levels and the incidence of acute
myocardial infarction in males was found. When IgE levels were above
200 kU/L the incidence of non-fatal myocardial infarction was seven
times higher. In a recent study [7] of 195 patients suffering from
ischemic heart disease serum IgE levels were increased as compared to
the control group of healthy individuals. IgE serum levels on the days 1,
7, 14, and 40 after acute myocardial infarction did not revealed any
significant changes. Males had significantly higher IgE than females.

However, the questions which arise are: first, increased IgE levels in
acute coronary events are the result or precede coronary events.
Second, elevated IgE levels are indicative of their participation in the
development of the coronary event or are increasing due to
inflammatory reaction from tissue damage. There are two studies
answering to the above questions. In a prospective study, with initially
healthy hyperlipidemic men who suffered myocardial infarction, the
levels of IgE as well as of other immunoglobulin classes such as IgA, IgG
were significantly higher than the matched healthy controls [8]. The
risk of myocardial infarction increased with the increase of
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