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CLINICAL IMPLICATIONS

Mesenchymal stem cells seem too good to believe!
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Mesenchymal stem cells (MSCs) are multipotent stromal cells
that can differentiate into various cell types including osteo-
blasts, chondroblasts, adipocytes, vascular smooth muscle
cells, and other cell types (Fig. 1). MSCs harbor unique
immunomodulatory properties and therefore hold great prom-
ise in tissue engineering, since they not only directly partici-
pate in tissue regeneration and repair but also modulate the
host’s foreign body responses [1]. The signaling pathways
regulating MSCs include bone morphogenetic proteins
(BMPs), epidermal growth factors (EGF), transforming
growth factors (TGF), wingless integration site (wnt) proteins,
fibroblastic growth factor (FGF), and transcription factors,
and have been reviewed earlier [2]. MSCs can maintain anti-
inflammatory, anti-fibrotic, antimicrobial, and regenerative
properties, so that they could conceivably improve outcomes
in various conditions featuring damaged tissues and inflam-
mation [3]. The putative beneficial effects of MSCs include
increased cell survival and proliferation, decreased inflamma-
tion, and suppression of immune function. With such a broad
magical repertoire of effects, how could they miss? Failures
have hardly been reported.

Could MSCs lower blood pressure or ameliorate
hypertension-induced target-organ damage? MSCs have been
injected into stroke-prone spontancously hypertensive rats
(SHR). The authors of that report claimed that MSCs had
antioxidant and anti-apoptotic effects as well as the ability to
repair hippocampal damage in SHR [4]. However, a reduction
in blood pressure was not reported. Other investigators
injected MSCs into tail veins of rats subjected to 2-kidney,
1-clip renovascular hypertension [5]. MSCs prevented the
progressive increase in blood pressure, ameliorated target-
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organ damage, reduced fibrosis, proteinuria, and inflammato-
ry cytokines, suppressed the intrarenal renin-angiotensin sys-
tem, decreased sympathetic hyperactivity, and infiltrated not
only the kidneys but also the central nervous system in the
rats. These are remarkable claims indeed!

Investigators have also applied MSCs to models of renal
disease [0, 7]. In this issue of J Mol Med, Hu and colleagues
treated Dahl salt-sensitive (S) rats with intrarenal MSCs [8].
Immunohistochemistry and flow-cytometry analyses showed
a significantly reduced number of stem cell marker CD133+
cells in the renal medulla of Dahl S rats, compared to controls,
suggesting a renal stem-cell deficiency. Rat MSCs or control
cells were transplanted into the renal medulla in
uninephrectomized Dahl S rats. High-salt diet resulted in
sodium retention and hypertension in control Dahl S rats.
These effects were significantly attenuated in MSC-treated
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Fig. 1 Mesenchymal stem cells (MSCs) can give rise to many cell types
such as adipocytes, cartilage, bone, tendon and ligaments, muscle, skin,
and nerves. MSCs were initially isolated from bone marrow samples, but
more recently, they have been found in many other types of tissue, such as
simple skin and fat biopsies, resulting in a heterogeneous and abundant
population of cells with high differentiation potential. MSCs are currently
being investigated in various clinical trials
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rats. Moreover, high-salt diet-induced increases in proinflam-
matory monocyte chemoattractant protein-1 and interleukin-
13 were reduced in the renal medulla with MSCs. Immuno-
staining showed that high-salt diet-induced immune cell infil-
tration into the renal medulla was significantly inhibited by
MSC treatment as well. These results suggested that a stem-
cell defect in the renal medulla could contribute to the hyper-
tension in Dahl S rats and that MSC treatment attenuates the
defect by an anti-inflammatory action. The authors relied on a
commercial source for their rat MSCs (Texas A&M Health
Science). They used Brown-Norway control rats, since these
are the reference strain in molecular genetic studies. The rats
were given 2 % saline (about similar to sea water) or a high-
salt diet 8 % by weight. To the authors’ credit, blood pressure
was measured by radio-telemetry.

Cowley et al. first drew attention to the renal medulla as a
mechanistic focal point of salt-sensitive hypertension [9].
They implanted optical fibers to measure cortical and medul-
lary blood flow and delivered vasoactive compounds into the
medullary interstitial space. They tested nitric oxide, atrial
natriuretic peptides, kinins, eicosanoids, vasopressin, and the
effects of sympathetic nerves. Cowley et al. used long-term
medullary interstitial captopril infusions that resulted in a
lowering of arterial pressure [9]. The authors maintained that
although blood flow to the inner renal medulla comprises less
than 1 % of the total renal blood flow, changes in flow to this
region have a major effect on salt homeostasis and blood
pressure.

These earlier studies certainly help the data presentation of
Hu et al. [8]. However, not referenced or discussed in the
current report is another important contribution from the
Cowley laboratory. Feng et al. reported that the expression
of a particular nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase subunit, p67(phox), was increased in re-
sponse to a high-salt diet in the renal medulla of the Dahl S rat
[10]. The authors found a mutation in the promoter of the gene
encoding p67(phox) that contributed to increased NADPH
activity. Feng et al. then “knocked out” p67(phox) in Dahl S
rats using zinc-finger nucleases. These “treated” rats exhibited
less salt-sensitive hypertension and renal medullary
inflammation.

Missing in the current report is a strategy to reconcile these
findings. Was the p67(phox) mutation described by Feng et al.
[10] present in the authors’ strain? Would a positive-control
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experiment be possible? For instance, could Hu et al. [8]
deplete renal stem cells from the medulla of Brown-Norway
control rats and produce the salt-sensitive Dahl S phenotype?
Finally, what is it about these MSCs? What cell types did they
generate and how were the effects mediated? Not all the recent
news on stem cells has been good [11]. The findings will need
to be replicated.

Respectfully,

Friedrich C. Luft
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