PROMOTING HEALTHY STEM CELL FUNCTION

Stem cells are undifferentiated cells that have the ability to develop into different types of
specialized cells. They are the seeds for regeneration, growth, and repair of the body’s cells and
tissues throughout life. Aging has profound impacts on stem cell numbers and function, leading
to the many and well-known ailments that distinguish old age.i Promoting healthy stem cell
function is therefore thought to be key to slowing and possibly reversing some of the ravages of

aging.ii

A growing body of evidence suggests that stem cell rejuvenation may be achievable through
altering the stem cell environment to promote more youthful signaling.iii Stem cell function is
regulated in part by a family of NAD-+-dependent enzymes known as sirtuins, which are
identified as SIRT1-7.iv v Enhancing SIRT expression and activity, such as through long-term
calorie restriction, promotes normal stem cell activity and is considered an important anti-aging
strategy.vi vii Inhibitors of age-related signaling by factors such as TNF-alpha, TGF-beta,
fibroblast growth factor, mammalian target of rapamycin (mTOR), guanosine triphosphate, and
cell division control protein 42, may also contribute to stem cell rejuvenation. viii

As researchers continue to explore the possibility of stem cell rejuvenation, questions of whether
this can lead to more youthful functioning of cells, tissues, organs, organ systems, and indeed the
entire human organism, remain unknown.ix

Stem Cell Therapy

Mesenchymal stem cells (MSCs) are multipotent stem cells found in nearly every tissue in the
body. As multipotent stem cells, they are not able to differentiate into every cell type in the body
(that would make them pluripotent), but they are capable of differentiating into an array of cell
types, including fat, bone, and cartilage progenitor cells. Their regenerative capacity, which is
subject to SIRT regulation, is finite, diminishing with age.x

MSCs that are harvested (generally from bone marrow, adipose, or other connective tissues) and
cultured in the laboratory are currently being investigated for their potential usefulness when
implanted in damaged or diseased tissues. Much of the research to date has focused on treating
degenerative conditions of muscles, bones, and joints. Researchers are also exploring MSCs’
immunomodulatory signaling to determine the indirect mechanisms by which they exert their
tissue benefits, giving them wider potential applications, such as in autoimmune, inflammatory,
cardiovascular, metabolic, and neurodegenerative conditions.xi xii So far, none of these
indications have received FDA approval and the use of MSC therapy remains somewhat
controversial.xiii

Phytochemicals: Natural Promoters of Stem Cell Activity

Polyphenolic compounds from plants are widely accepted as having broad protective effects on
cells and tissues, presumably mediated by antioxidant, anti-inflammatory, and cancer-preventive
mechanisms.xiv Recent research further suggests that some of these compounds also stimulate
normal stem cell function, which may contribute to their benefits in certain diseases of aging.



Resveratrol

Resveratrol is a polyphenol that has attracted attention as a possible stem cell-promoting, anti-
aging compound. Clinical trials indicate its potential benefits in numerous disorders associated
with inflammation and metabolic disturbance, and resveratrol has been attributed with some of
the positive effects of the Mediterranean diet. Resveratrol can activate sirtuin enzymes and, at

high concentrations, appears to favorably alter gene expression and slow cellular senescence.xv

Numerous studies show that adding resveratrol to stem cell cultures can increase survival,
stimulate proliferation and differentiation, and reverse the inhibitory effects of certain toxins.
These effects have been seen in MSCs from various sources as well as cardiac and neural stem
cells.xvi

In a clinical trial, 30 adults aged 65-80 years old participated in a 12-week exercise program
while taking either 500 mg/day of resveratrol or placebo. At the end of the trial, those taking
resveratrol experienced a 20% greater increase in number of muscle satellite (stem) cells, 45%
greater increase in muscle fiber size, and 14% greater increase in average peak muscle torque
(rotational force). In addition, density of muscle cell mitochondria increased more in the
resveratrol-treated subjects compared with placebo. Because of its apparent anabolic effect on
exercising muscles, resveratrol may be useful for preventing or reversing sarcopenia—the age-
related loss of muscle mass.xvii In another clinical trial, red wine consumption was found to
increase the number of endothelial progenitor (stem) cells in circulation more than water, beer, or
vodka in healthy young adults, and resveratrol treatment of endothelial progenitor cells in culture
increased their activity and prevented senescence. xviii

Epigallocatechin gallate

Epigallocatechin gallate (EGCG) is considered to be the most active polyphenol in green tea,
responsible for many of its well-known anti-inflammatory and antioxidant properties, as well as
its cancer-fighting potential. Numerous reports from animal and laboratory studies suggest it
may enhance benefits of MSC therapy in tissues such as bone,xix xx xxi xxii xxiii xxiv cartilage,xxv
muscle,xxvi xxvii and skin.xxviii It has also been found to increase the number of neurons in brains of
adult mice by promoting neuronal stem cell survival and differentiation;xxix improve neuronal
stem cell function in inner ear tissue harvested from mice; xxx and promote growth of new
neurons and recovery of function in mice subjected to experimental stroke. xxxi

Laboratory research has shown that EGCG can protect cultured MSCs from the damaging effects
of oxidative stress,xxxii possibly in part by activating the cells’ inherent antioxidant production
through epigenetic effects.xxxiii In animal research, mice given oral EGCG before and after
experimental traumatic brain injury experienced reduced trauma-related free radical damage to
neuronal stem cells.xxiv Another study in diabetic rats noted that adipose-derived MSCs
stimulated cardiac muscle repair and improved cardiac function more effectively in those
receiving oral EGCG, and appeared to do so by activating cell-survival signaling.xxxv

Quercetin
The polyphenolic compound, quercetin, is considered a senolytic agent—one that helps to clear
aged, dysfunctional cells and promotes rejuvenation of the organism. In numerous in vitro



studies, quercetin has been found to stimulate proliferation and differentiation of cultured MSCs
through mechanisms including antioxidant, anti-inflammatory, and epigenetic effects.xxxvi xxxvii
xxxviii xxxix xI xli 1t was also reported to reverse senescence in human MSCs in a laboratory model
of premature aging.xii A study in rats showed that quercetin enhanced the effectiveness of MSC
therapy after loss of blood supply to the brain, reducing markers of inflammation, increasing
MSC survival, and improving recovery.xiii Other studies in rats have found that quercetin
treatment can increase the number and improve the function of neural stem cells, resulting in
better cognitive and behavioral performance, after brain injury.xiv xiv

Curcumin

Curcumin, a carotenoid found in turmeric, has been the subject of numerous clinical trials for a
wide range of chronic and age-related conditions. Studies in nematodes and mice suggest
curcumin can increase lifespan. Its possible anti-aging effects may be related to its ability to
increase sirtuin levels. It has also been shown to induce epigenetic changes that result in reduced
cellular free radical production and promote youthful cell function.xivi

Experiments using MSC cultures suggest that curcumin may improve MSC therapy-related
cartilage repair by suppressing inflammatory signaling and preventing chondrocyte hypertrophy
that can lead to scarring and limit the effectiveness of MSC therapy.xuwii xivii Curcumin also
appears to stimulate MSC differentiation and function in laboratory models of bone regeneration,
even in a high-oxidative stress environment.xlix |

Curcumin has been found to increase survival and proliferation of adipose-derivedii and bone
marrow-derived MSCs, iii as well as neural stem cells,iiii in the laboratory. In one study, MSCs
cultured in a solution containing curcumin showed increased proliferation and production of
collagen matrix compared with those cultured without curcumin. When implanted in
experimental wounds in mice, the curcumin-treated MSCs promoted faster and more complete
skin repair with less scarring.liv In rats, treatment with curcumin enhanced neural stem cell
activity and lesion healing after spinal cord injury.iv

Bitter melon

Bitter melon (Momordica charantia) is a phytochemical-rich vegetable cultivated as both food
and medicine in many parts of the world. It has demonstrated antioxidant, anti-inflammatory, and
anti-cancer properties, and gained popularity for its ability to improve insulin sensitivity and
glucose control.wi In mice, bitter melon has been found to reverse the negative impact of a high
fat diet on glucose metabolism, insulin sensitivity, and fatty liver,wii as well as sirtuin production
and levels of inflammatory cytokines,wiii including one linked to healthy stem cell activation and
tissue regeneration (IL-17).lix

Connective Tissue Components

Glycosaminoglycans (GAGS) are a crucial part of the extracellular matrix of tissues throughout
the body. Within the extracellular tissue space, GAGs interact with immune and growth factors
to promote stem cell-based tissue regeneration. Hyaluronic acid, glucosamine sulfate, and
chondroitin sulfate are well-known GAGs that are widely used as supplements to treat



degenerative joint disease. Their usefulness in promoting tissue repair and regeneration through
stem cell activation and immune modulation is drawing the interest of researchers. ix ixi

In vitro evidence suggests the presence of GAGs in the MSC culture environment can help to
promote differentiation into functional chondrocytes (cartilage-producing cells) and increase
cartilage production. In particular, chondroitin sulfate,xii Ixiii Ixiv glucosamine sulfate, ixv ixvi Ixvii and
hyaluronic acid plus dermatan sulfateixvii have each been noted to increase stem cell-induced
cartilage production. The addition of collagen, a structural extracellular protein, into a GAG-
enriched culture medium also appears to encourage proper MSC differentiation and chondrocyte
function.ixix 1xx 1xxi Chondroitin sulfate and other GAGs have also been shown to have stem cell-
promoting effects when added to the culture medium for MSCs being primed for bone
regenerationixxii Ixxiii Ixxiv Ixxv and skin regeneration. ixxvi

Other Natural Compounds

Melatonin

Melatonin is one of the most extensively studied natural promoters of stem cell activation. ixxvii
xxviii A growing body of research suggests it has anti-aging, regenerative potential via its effects
on stem cells in tissues such as cardiac muscle, blood vessel endothelium, brain and peripheral
nerves, dental pulp, testes and ovaries, kidney, and liver.ixxix Ixxx Ixxxi Ixxxii Numerous in vitro and
animal studies suggest melatonin may increase the efficacy of MSC therapy by improving MSC
viability, proliferation, and differentiation into cartilage, bone, skin, and muscle cells. ixxxiii Ixxxiv
v xxxvi Iocxvii I Ixxxix xe xei Melatonin has also been shown to improve the positive effects of
MSC therapy on pancreatic beta-cell activity in diabetic rats;xcii enhance nerve cell regeneration
and functional recovery by stimulating neural stem cells in rats with experimentally-induced
spinal cord injury;xciii and, increase regenerative capacity of neural stem cells in mice with
Alzheimer’s and Parkinson’s diseases.xciv

Melatonin’s well-known anti-inflammatory and antioxidant properties contribute to its protective
effects on stem cells.xev xcvi Researchers have noted melatonin protects various types of stem cells
from toxic effects of pro-oxidants,xcvii xeviii xcix iInflammatory cytokines,c ci cii 0Xygen
deprivation,ciii civ iron-overload,cv bacterial toxins,cvi and some drugs.cvii cviii

Melatonin may promote stem cell activation through several mechanisms. It appears to inhibit
osteoclast- and induce osteoblast-differentiation in mice in part by acting on melatonin
receptors.cix For example, in rats with experimentally fractured femurs treated with MSC therapy,
melatonin increased MSC differentiation into osteoblasts and encouraged bone healing.cx In vitro
evidence suggests that interactions with components of the extracellular matrix also contribute to
melatonin’s ability to stimulate MSCs.cxi In addition, new research suggests melatonin can
induce positive epigenetic changes that support stem cell activation. cxii cxiii exiv

Treatment of cultured neural stem cells with melatonin, which is produced not only in the pineal
gland but also in mitochondria throughout the body, increased their mitochondrial mass and
activity, and appeared to protect the stem cells against elevated oxidative stress produced by
mitochondrial activity.cxv Melatonin’s pro-mitochondrial and other antiaging effects, including



cancer prevention, may be related to its ability to stimulate sirtuin production and activity.cxvi cxvii

cxviii cxix

NT-020

NT-020 is a proprietary nutrient combination containing blueberry, green tea, vitamin D3, and
carnosine. A research team in Tampa, Florida has performed a series of preclinical studies to
examine its effects on stem cells. They reported these compounds synergistically stimulate
proliferation of several types of human stem cells,cxx induce resiliency to oxidative stress, and
increase neural stem cell expression of genes associated with nerve cell regeneration.cxxi In one
report, they noted that NT-020 protected stem cells from oxidative damage both in vitro and in
mice given NT-020 orally.cxxii Another in vitro study from the same research group suggested
that the addition of spirulina to NT-020 treatment of human bone marrow stem cells led to even
greater stem cell activation and proliferation. cxxiii

This research team has also published animal studies highlighting the anti-aging potential of NT-
020. In aged rats, oral supplementation with NT-020 for four weeks led to better cognitive
performance, increased neural stem cell proliferation, and greater nerve regeneration compared
with placebo (water).cxxiv Another study included three groups of rats given identical diets: young
rats; aged rats; and aged rats given NT-020 for 28 days. At the end of the study period, cultured
rat neural stem cells and MSCs were exposed to serum collected from each group. Serum from
the untreated aged rats inhibited stem cell proliferation, but serum from young rats and NT-020-
treated aged rats preserved stem cell proliferative capacity.cxxv

Conclusions

Stem cells hold the key to rejuvenation and longevity, and it is increasingly clear that factors in
the stem cell environment can have a critical impact on stem cell viability and function. There
are several recognized mechanisms through which environmental factors can promote stem cells:
e Reducing oxidative stress: protecting stem cells from oxidative injury through direct
or indirect antioxidant activity
e Immunomodulation: balancing immune signaling to stimulate controlled stem cell
proliferation and activation without triggering harmful inflammatory processes
e Epigenetic alteration: increasing the expression of genes related to youthful cell
function, such as those encoding sirtuin enzymes
Certain phytochemicals, extracellular matrix compounds, and melatonin are among the natural
anti-aging therapies showing promise in preclinical research as promoters of healthy stem cell
function. So far, however, there is little human data on which to draw conclusions. This is
important because the complex stem cell environment in living humans includes factors that may
interact to impact cell function and senescence in ways that are not yet completely understood.
Future controlled trials in which human subjects undergoing MSC therapy are treated with these
oral supplements will provide more clues into their usefulness in supporting stem cell-initiated
tissue repair and regeneration.
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