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The perception that carbon monoxide (CO) is poisonous 
and life-threatening for mammalian organisms stems from 
its intrinsic high affinity for the ferrous iron of  hemoglobin 
to form carbonmonoxy-hemoglobin (HbCO), which ul-
timately leads to impaired oxygen delivery to tissues [1]. 
However, from evolutionary and chemical perspectives, 
CO is one of  the most essential molecules in the forma-
tion of  biological components and the origin of  primordial 
cell signaling. Not surprisingly, mammals are continuously 
exposed to small quantities of  CO produced endogenously 
during the degradation of  heme by constitutive (HO-2) 
and inducible (HO-1) heme oxygenase enzymes. We have 
gradually learnt that heme oxygenase-derived carbon mon-
oxide (CO) serves as signaling mediator in a wide array 
of  physiological functions to the extent that the benefi-
cial effects observed when small amounts of  CO gas are 
administered to mammalian organisms may be exploited 
for therapeutic purposes. In this context, the develop-
ment of  carbon monoxide-releasing molecules (CO-RMs) 
represents a pharmaceutical stratagem for the safe deliv-
ery of  CO in the treatment of  various pathological dis-
orders.  Transition metal carbonyls and boranocarbonates 
have been identified as ideal scaffolds for the synthesis of  
water-soluble compounds that release controlled amounts 
of  CO within biological systems. Specifically, CORM-3 
(ruthenium tricarbonyldichloro glycinate) and CORM-A1 
(sodium boranocarbonate), which possess different chemi-
cal reactivities and kinetics of  CO release, have been tested 
in various models of  disease [2, 3]. The results collected to 
date indicate that CO-RMs are pharmacologically active as 
they exert vasodilatory, anti-ischemic and anti-inflammato-
ry effects and can protect tissues against oxidative stress 
[4, 5, 6]. Although the mechanism of  action of  CO-RMs 
remains to be fully elucidated, we have proposed that a dy-
namic interaction of  CO with specific intracellular metal 
centers may be the common denominator for the diversi-
fied beneficial effects mediated by this gaseous molecule. 
Recent evidence points to mitochondria as plausible, and 
perhaps, preferential targets of  the signals transduced by 
CO [1, 7, 8]. Thus, CO-RMs may help to identify cellular 
components that are responsive to CO and facilitate the 
therapeutic delivery of  this gas in a safe, measurable and 
controllable fashion.
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Links between obesity and vascular disease are well es-
tablished. Moreover recent studies point to a particular 
role the perivascular adipose tissue plays in cardiovascu-
lar disease. Extra-medial thickness, related to perivascular 
adipose tissue appears to be related to cardiovascular prog-
nosis and events as well as the classical measures such as 
intima-media thickness. The nature of  these relationships 
and the pathogenetic role of  perivascular adipose tissue re-
main however poorly defined on a mechanistic level. Vir-
tually all arteries are surrounded by a significant amount 
of  perivascular adipose tissue, which has long been consid-
ered to serve primarily a supportive, mechanical purpose. 
Recent studies that both visceral and perivascular fat is a 
very active endocrine and paracrine source of  inflamma-
tory cytokines and adipokines. The latter include beneficial 
adipocytokines such as adiponectin or so far unidentified 
adipocyte derived relaxing factor (ADRF) as the presence 
of   perivascular AT may decrease contractile responses to 
vasoconstrictive agents. However, in pathological states 
such as obesity, hypertension, diabetes and other cardiovas-
cular disorders perivascular tissue becomes dysfunctional 
and production of  protective factors diminishes while 
detrimental adipocytokines such as leptin, resistin, IL-6, 
TNF-alpha or IL-17 increases. Moreover the dysfunction 
of  perivascular fat can lead to imbalance between vascu-
lar nitric oxide (NO) and superoxide production. Adipok-
ines also regulate immune system by chemokines (such as  
MIP-1 or RANTES) and inducing inflammation with infil-
tration of  T cells and macrophages to the vessel wall. Inter-
estingly central nervous system can affect vascular function 
through mediation of  perivascular adipose tissue dysfunc-
tion. In particular sympathetic nervous system endings are 
present in both visceral and perivascular AT. This powerful 
relationship between the brain and the vessel can be termed 
“brain-vessel axis” in which perivascular adipose tissue may 
take center stage. The role of  perivascular fat in the regula-
tion of  blood vessels depends on metabolic state, inflam-
mation and clinical risk factors. In health protective and 
vasorelaxant properties of  perivascular AT dominate, while 
in pathology damaging factors including neural stimulation 
of  sympathetic nerve endings or humoral effects of  cer-
tain hormones and adipocytokines dominate. We propose 
to term this state “perivascular adipose tissue dysfunction” 
in similarity to endothelial dysfunction and to emphasize its 
role as a risk factor for cardio-metabolic disease.
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Since pluripotent stem cells are able to generate all kinds of  
ectodermal, mesodermal and endodermal cells, they are ex-
pected to be applicable to various kinds of  diseases. While 
ES cells and iPS cells are well known pluripotent stem cells, 
they have a problem of  tumorigenicity. Adult stem cells are 
natural cells residing in our living body and do not show 
tumorigenic proliferation. However, they typically generate 
the cell types of  the tissue in which they reside and thus the 
range of  their differentiation capabilities is considered lim-
ited. We newly found a unique type of  stem cells which we 
named Multilineage differentiating Stress Enduring (Muse) 
cells (Kuroda et al., 2010, Proc Natl Acad Sci USA). They are 
adult stem cells that reside in adult human mesenchymal 
tissues and are pluripotent. They can be isolated as cells 
double positive for mesenchymal marker CD105 and hu-
man ES cell marker SSEA-3 from bone marrow, skin and 
fat tissues or from commercially available human cultured 
mesenchymal cells. Muse cells were found as stress tolerant 
cells, and express pluripotent stem cell markers, self-renew 
and generate cells representative of  all three germ layers 
from a single cell. Most importantly, they do not show tu-
morigenic proliferation, a trait that is consistent with the 
fact that they reside in adult tissues. Furthermore, they are 
shown to migrate and home into damaged tissues when 
infused into peripheral blood. When human Muse cells are 
infused into tail vein of  Nog-mouse suffering from fulmi-
nant hepatitis, human Muse cells integrated into mouse 
liver and differentiated into hepatocyte having an ability 
to release human albumin into blood stream. Recently, we 
found that Muse cells are a primary source of  iPS cells in 
human fibroblasts (Wakao et al., 2011, Proc Natl Acad Sci 
USA). When human fibroblasts were separated into Muse 
and non-Muse cells and transduced with Oct3/4, Sox2, 
Klf4, and c-Myc, iPS cells were generated exclusively from 
Muse cells, but never from non-Muse cells. Epigenetic al-
terations were not seen in non-Muse cells and some of  the 
major pluripotency markers were not expressed for the en-
tire period of  generation, suggesting that Muse cells whose 
properties are already similar to that of  iPS cells selectively 
become iPS cells, whereas the remaining cells make no con-
tribution to the generation of  iPS cells. Thus, Muse cells 
will be beneficial for cell-based therapy and biomedical re-
search.
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Cytochrome bc1 (mitochondrial complex III) plays a central 
role in biological energy conversion. It reversibly oxidizes 
hydroquinone and reduces cytochrome c, the two major 
redox pools of  electron transport chain in mitochondria.  
Symmetry of  cofactor arrangement in homodimeric struc-
ture of  this enzyme for long has hampered understanding 
the mechanism of  its operation, which at molecular level 
requires the knowledge as to how the catalytic sites secure 
energy conserving reactions while avoiding energy wasting 
short-circuits. The latter reactions are commonly associ-
ated with generation of  reactive oxygen species (ROS). 
A new genetic system based on a fusion of  two core cyto-
chrome b subunits of  cytochrome bc1 offered opportunity 
to break symmetry to test all possible paths of  electron 
transfer within dimer. This revealed the existence of  elec-
tron-transfer bridge between the two monomers formed 
by two hemes in the core of  dimer. The bridge connection 
converts the independent elementary redox chains to an 
H-shaped electron transfer system which works as a mo-
lecular version of  an electronic bus bar with electrons mov-
ing freely within and betwcseen the monomers to rapidly 
distribute between the four catalytic quinone oxidation/
reduction sites.  These findings offer new perspective on 
mechanism of  efficient energy conversion, suppression of  
ROS, and regulatory function of  cytochrome bc1. 


