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Abstract

Resveratrol is a nutraceutical with several therapeutic effects. It has been shown to mimic effects
of caloric restriction, exert anti-inflammatory and anti-oxidative effects, and affect the initiation
and progression of many diseases through several mechanisms. While there is a wealth of in vitro
and in vivo evidence that resveratrol could be a promising therapeutic agent, clinical trials must
confirm its potential. In this work, we reviewed the current clinical data available regarding the
pharmacological action of resveratrol. Most of the clinical trials of resveratrol have focused on
cancer, neurological disorders, cardiovascular diseases, diabetes, non-alcoholic fatty liver disease
(NAFLD), and obesity. We found that for neurological disorders, cardiovascular diseases, and
diabetes, the current clinical trials show that resveratrol was well tolerated and beneficially
influenced disease biomarkers. However resveratrol had ambiguous and sometimes even
detrimental effects in certain types of cancers and in NAFLD. In most of the clinical trials, the
major obstacle presented was resveratrol’s poor bioavailability. Thus, this work provides useful
considerations for the planning and design of future pre-clinical and clinical research on
resveratrol.

INTRODUCTION

Resveratrol (3,4”,5-trihydroxystilbene) is a nutraceutical that has recently attracted a lot of
research attention due to its exciting pharmacological potential. It is a phytoalexin found in
many plants including grapes, peanuts, and berries. Resveratrol was first isolated in
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Veratrum grandifforum, or white hellebore plant, in the 1940’s.1 Stilbene compounds are
known for their ability to provide plants with resistance to microbial and fungal infection,?
and early research showed that resveratrol was present in large quantities in injured,
infected, and ultraviolet-treated leaves.3 Processed plants products also contain a significant
amount of resveratrol; its presence in red wine (concentrations of 0.1-14.3 mg/L) has been
suggested as a solution to the “French paradox,” the observation of an unexpectedly low rate
of heart disease among Southern French people who consume a lot of red wine, despite their
diets being high in saturated fat.#-6

Resveratrol is an activator of SIRT1, one of the mammalian forms of the sirtuin family of
proteins.’” SIRT1 deacetylates histones and nonhistone proteins including transcription
factors. The SIRT1-regulated pathway affects metabolism, stress resistance, cell survival,
cellular senescence, inflammation-immune function, endothelial functions, and circadian
rhythms. Resveratrol has been shown to activate SIRT1 and therefore is predicted to benefit
diseases affected by abnormal metabolic control, inflammation, and cell cycle defects.

As a natural compound, resveratrol’s use as a nutraceutical and as a therapeutic agent for
many diseases has been widely researched in preclinical studies. Its use is especially of
interest for cancer patients because of the high risks associated with traditional treatments,
including surgery and chemotherapy. The complexities in cancer cell signaling networks
obstruct the therapeutic success of specific inhibitors that target only one network. However,
because resveratrol has been shown in vitro and in vivo to have chemopreventive and
chemotherapeutic effects on cancers by targeting multiple pathways, it is a promising
anticancer agent.8 Resveratrol affects all three stages of carcinogenesis: initiation,
promotion, and progression. Furthermore, resveratrol has been shown to directly induce the
apoptotic pathway through several mechanisms.%-11

For example, resveratrol affects the nuclear factor xB (NF-xB) signaling pathway which
regulates inflammation, immune response to infection, and cellular response to stimuli.12 In
addition, it has been shown to significantly inhibit the IGF-1R/Akt/Wnt pathways and
activate p53, and therefore can influence cell development and tumorigenesis.13
Furthermore, resveratrol can inhibit the phosphatidylinositol 3-kinase (P13K)/Akt pathway
to regulate cell differentiation, growth, proliferation, and several other activities,14-16
Several studies have uncovered the various mechanisms through which resveratrol acts on
the PI3K/Akt pathway. For instance, our lab has shown that resveratrol inhibits Akt
signaling in multiple cancer cells exhibiting hyperactivated PI3K/Akt/mechanistic target of
rapamycin (mTOR) signaling, and therefore might be a useful therapy when used in
combination with other PI3K/Akt/mTOR inhibitors.17-22

The NF-xB, Whnt, and PI3K/Akt/mTOR pathways are also involved in several other diseases,
such as various metabolic, neurodegenerative, and cardiovascular disorders. By acting on
these pathways and others, resveratrol has been shown to be a promising therapeutic agent
for such diseases. Resveratrol also inhibits cyclooxygenases (COX), which are responsible
for the conversion of arachidonic acid into prostaglandins.12 The suppression of this
pathway reduces inflammation and suggests the possibility of resveratrol as a treatment for
inflammatory conditions.
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Resveratrol has also been found to inhibit the expression of vascular cell adhesion molecules
(VCAM) and to affect the activity of vascular smooth muscle cells which are responsible for
the development of atherosclerosis and hypertension, respectively.2 Additionally, studies
have shown that resveratrol inhibits platelet aggregation and activation in vitro, which may
be effective in preventing blood clot formation and ultimately myocardial infarction and
stroke.23

From a pharmacokinetic perspective, resveratrol has proven to be more effective when
applied topically rather than administered orally because it is quickly metabolized and
excreted.24 This poor bioavailability can be attributed to the rapid conjugation of trans-
resveratrol to glucuronic acid and sulfates, producing glucuronides and sulfate conjugates
which accumulate in plasma and urine.2> Many trials are in progress to determine the
appropriate oral dosage given the rapid metabolism of resveratrol, and to study resveratrol
derivatives such as SRT501, a micronized oral version of resveratrol that may have higher
bioavailability.28:27 A recent study demonstrated nonlinear dose response effects of
resveratrol’s activity, underscoring the need to consider the intricate and complex issue of
low dose (diet related) versus high dose (pharmacological) differences of resveratrol
responses.28

Despite an abundance of laboratory and animal research, there is little clinical evidence that
resveratrol is an effective therapeutic in humans.2® We have therefore compiled the clinical
data that have been accumulated thus far in order to examine resveratrol’s efficacy in cancer,
neurological disorders, cardiovascular diseases, diabetes, NAFLD, and obesity. These
disease categories were chosen because most of the clinical data available for resveratrol
pertains to them. The aspects of resveratrol studied in these clinical trials range from its
pharmacokinetics and pharmacodynamics, its effect on essential biomarkers for these
diseases, to any adverse events that occurred as a result of resveratrol treatment. A summary
of the clinical findings for each disease is presented in Table 1, and Fig. 1 depicts a summary
of the clinical benefits of resveratrol found in the clinical trials presented here. Our aim is to
assist the research community by providing a summary of the current clinical knowledge
available on resveratrol so that future studies can properly orient their goals.

CLINICAL TRIALS

Cancer

A simple search of “resveratrol and cancer” on PubMed yields over 2600 results as of March
2017, while limiting the search to show only clinical trials generates only 15 results, with
several of them focusing solely on the general pharmacokinetics of resveratrol. The scarcity
of clinical evidence brings into question resveratrol’s viability as an anti-cancer therapeutic.
In vitro and in vivo studies show that resveratrol targets COXs, which generate pro-
inflammatory molecules that lead to tumor proliferation, and downregulates the AKT,
MAPK, and NF-xB signaling pathways, all of which would reduce inflammation and
prevent tumorigenesis.22:30-32 Clinical studies, however, must determine if the same effects
can be seen in human patients. The few clinical trials that have been conducted show that
resveratrol has several targets within the cell, and its efficacy is dependent on the type and
stage of cancer, dosage levels, and treatment periods.
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Even within clinical studies focusing on the same type of cancer, the conclusions drawn can
be conflicting or ambiguous. For example, one study done on prostate cancer pathogenesis
showed that resveratrol could potentially be used to delay cancer recurrence. Around 33—
50% of prostate cancer patients experience biochemical recurrence of the disease after
primary treatment. Rising levels of prostate-specific antigen (PSA) are the earliest indication
of disease recurrence. MPX, pulverized muscadine grape skin which contains resveratrol,
delayed the development of recurrence by lengthening the PSA doubling time (PSADT) by
5.3 months. However, these results were not statistically significant.33 This study is
continuing in the phase 2 portion of the clinical trial, so it remains to be seen if MPX is a
viable treatment option. In contrast, a second clinical trial involving prostate cancer and
resveratrol definitively concluded that it would not be a viable treatment. Despite pre-
clinical evidence that resveratrol reduces androgen production and modulates androgen
receptor activity, Kjaer et al. concluded that resveratrol could not treat prostate cancer as it
had no effect on prostate volume or PSA levels.34 From these studies, it seems unlikely that
resveratrol will prove to be an effective treatment for prostate cancer, but more clinical trials
need to be performed to confirm this.

Similarly, in clinical trials conducted in patients with colorectal cancer, the results seem
promising, but remain inconclusive regarding whether or not resveratrol could be a viable
treatment. In vitro studies showed that resveratrol inhibits growth and induces apoptosis in
human colon cells, and murine models of colorectal cancer showed that resveratrol inhibited
colorectal inflammation and carcinogenesis.3°38 Therefore, two clinical trials aimed to
determine the pharmacokinetics of resveratrol in colorectal tissue or hepatic metastases.
After around 1-2 weeks of treatment with resveratrol or SRT501, the measured
concentrations of parent resveratrol and its major metabolites in the colorectal tissue of
patients were similar to the effective concentrations of resveratrol used in preclinical studies.
However, the anticarcinogenic activity of resveratrol’s metabolites has yet to be
experimentally verified, so it is unclear whether this finding provides additional justification
for pursuing resveratrol as a treatment for colon cancer. Additionally, the levels of Ki-67, a
proliferation marker, and caspase-3, an apoptotic marker, were affected only slightly in
tissue samples.28:37 While this proves that resveratrol has some pharmacological effect, it is
unclear if this effect is significant enough to make it a useful therapeutic agent for colon
cancer.

There are other studies though where the potential of resveratrol as a treatment seems more
tenuous, such as in certain types of multiple myeloma. Resveratrol was found to inhibit NF-
xB, AKT, and STAT3 and exhibit cytotoxicity in multiple myeloma cell lines.3® SRT501
was tested in patients with relapsed or refractory multiple myeloma. Despite convincing pre-
clinical evidence that resveratrol could aid in the treatment of patients with multiple
myeloma, the clinical trial found that it caused several severe adverse events, the most
prominent of which was renal failure.2” As SRT501 was proven to be safe in a phase 2
clinical trial, and it did not cause any nephrotoxicity in a phase 1 study for colorectal cancer
patients, this adverse event seemed to be specific to multiple myeloma patients. These
results indicate that SRT501 and likely any other versions of resveratrol could not be a
possible treatment for multiple myeloma.
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Alternatively, in breast cancer, one clinical trial encouragingly showed that resveratrol was
safe and well tolerated, albeit the length of treatment was considerably shorter than that in
the multiple myeloma study. Participants were treated with resveratrol for 12 weeks. The
study found that as time progressed, increasing amounts of resveratrol were detected in
blood serum samples. Furthermore, the trial also revealed that the drug affected the
epigenetic pattern of RASSF-Ia, a gene associated with breast cancer, and this effect
correlated with the levels of circulating resveratrol.3° These results suggest that resveratrol
may act as a chemopreventive agent for breast cancer by influencing the epigenetics of
breast cancer associated genes, a finding that needs to be confirmed in future clinical trials.

From these clinical trials, it is clear that there is still much to learn about the use of
resveratrol as a cancer therapeutic. It seems that resveratrol may have specificity for certain
types of cancers, but even this is difficult to definitively conclude given the small number of
clinical trials that have been conducted. In contrast, extensive research has been conducted
on the chemotherapeutic activity of resveratrol in in vitro and in vivo models, and many of
these findings implicate the potential utility of resveratrol in a clinical setting. For example,
our group has found resveratrol to be a potent complement to mTOR inhibitors in diseases
affected by mTOR hyperactivation.22 While rapamycin has been shown to be a viable
therapeutic agent in certain cancers, it is ineffective in monotherapy due to the regulatory
feedback loop between mTOR and Akt. When mTOR is active, it represses Akt activity.
Therefore, the inhibition of mMTOR by rapamycin allows the tumor cells to survive through
reactivation of the pro-survival Akt signaling. Our group has shown that resveratrol has the
ability to inhibit Akt signaling and induce apoptosis. Therefore, when used in combination
with rapamycin, resveratrol elicited cytotoxicity in cells. This effect was seen in bladder and
breast cancer cell lines, lymphangioleiomyomatosis-derived cells, tuberous sclerosis
complex 2 (TSC2)-deficient cell lines, as well as in TSC2-deficient mouse xenograft
tumors.17.19-21

These and many other studies justify the need for more clinical trials studying resveratrol
through its various mechanisms of action. Additionally, the metabolites of resveratrol should
be studied as well, since some of them have been shown to have anticancer activities.4°
Based on the clinical trials presented here, it seems that the primary obstacles that need to be
overcome before resveratrol can be used as a cancer therapeutic are its bioavailability and
related adverse events. There have been several reviews written on the topic of resveratrol’s
poor bioavailability, highlighting the need to focus efforts on improving the pharmaceutical
properties of resveratrol.24 This need is underscored by the vast amount of preclinical
studies that provide promising evidence for the use of resveratrol as a cancer therapeutic
agent.

Neurological disorders

Neurological disorders such as Alzheimer’s disease (AD) and stroke are thought to occur via
oxidative and inflammatory damage to the central nervous system (CNS). As resveratrol has
been shown to have strong anti-inflammatory and anti-oxidative effects, many have

hypothesized that resveratrol could be a useful potential treatment for neurological disorders.
Additionally, resveratrol is known to modulate the activities of AMPK, SIRT1, and PGC-1a,
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metabolic regulators which have been shown to be involved in the onset of neurological
disorders.4

While the exact mechanism of AD development is unknown, several biomarkers have been
identified which help to characterize disease onset and progression and may serve as
therapeutic targets. For instance, amyloid-B (Ap) plague accumulation caused by amyloid
beta precursor protein (APP) and apoliporprotein E (APOE) genetic mutations and increased
inflammation and oxidative damage have been shown to be associated with AD.42
Additionally, caloric restriction has been shown to prevent onset of neurological disorders.!
Caloric restriction activates the deacetylases sirtuins, most notably SIRT1, which is also
activated by resveratrol.”

While clinical studies on the effects of resveratrol in AD remain scarce, two phase 2 clinical
trials have shown that resveratrol is safe to use in patients with mild to moderate AD, and
that it alters several AD biomarkers. In trials performed by Muossa et al. and Turner et al.,
patients were treated with resveratrol for 1 year.#344 As compared to patients in the placebo
group, patients treated with resveratrol were found to have decreased levels of MMP-9, a
matrix metalloproteinase (MMP) that degrades components of the extracellular matrix, an
activity that is associated with AD/neurodegeneration. The decrease in MMP-9 may indicate
that resveratrol fortifies the CNS by reducing permeability, and thus reducing the ability of
pro-inflammatory agents from reaching the brain. Furthermore, patients receiving resveratrol
had a slower decline of cerebrospinal fluid (CSF) beta amyloid (Ap) 42 and AB40 levels,
indicating lower accumulation of ABs in the brain.*> While resveratrol was shown to be
metabolized quickly, limiting its bioavailability, an issue observed in several resveratrol
trials, significant amounts of resveratrol and its metabolites were found in the CSF,
indicating its ability to successfully cross the blood—brain barrier (BBB).#344 Both clinical
trials presented results that were in line with results found in in vitro and in vivo studies, and
provided evidence that resveratrol could be a safe and effective treatment for AD.

Similar to AD, MMPs were found to be important biomarkers in brain ischemic stroke, a
neurological disorder that accounts for the highest levels of morbidity and mortality
worldwide.*6 Recombinant tissue plasminogen activator (r-tPA) is currently the only safe
and effective treatment for brain ischemia.#’ However, its therapeutic window is severely
limited, and it must be administered within 3 h of stroke onset. Delayed r-tPA treatment has
been shown to cause up-regulation of MMPs. As shown in the AD resveratrol trials,
resveratrol is capable of decreasing the levels of MMP-9, and thus reduces the permeability
of the CNS and strengthened the BBB. In a trial conducted by Chen et al., patients who had
suffered from a stroke with a clearly defined time of onset were treated with resveratrol
along with r-tPA treatment.*8 The study showed that resveratrol improved the outcome for
patients receiving delayed r-tPA treatment. Additionally, a correlation was determined
between reduced levels of MMP-9 and MMP-2 and improved treatment outcomes. Thus, by
attenuating the up-regulation of MMPs, resveratrol extends the therapeutic window of r-tPA,
providing a more efficient treatment for those affected by brain ischemic stroke.

These clinical trials suggest that resveratrol is effective in reducing biomarkers associated
with AD and brain ischemic stroke, and exhibited sufficient bioavailability at the dosages
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used without any extreme adverse events. Thus they provide a rationale for further testing of
resveratrol in future clinical trials, and for studying its effectiveness in treating other
neurological disorders.

Cardiovascular diseases

Cardiovascular diseases currently cause over 610,000 deaths each year in the United States.
The World Health Organization (WHO) reports that globally, more people die each year
from cardiovascular diseases than any other cause.*® Because of its anti-inflammatory and
anti-oxidative properties, resveratrol has been suggested to promote cardiovascular health,
and has therefore been extensively studied as a treatment for prevalent cardiovascular
diseases.?0

Resveratrol has been shown to affect multiple molecular targets that are associated with
cardioprotective effects.>! For example, resveratrol has been shown to promote endothelial
function which may help prevent atherosclerosis and coronary artery disease. A study
performed by Magyar et al. found that treatment with resveratrol improved left ventricular
systolic and diastolic function. Additionally, resveratrol improved flow-mediated dilation
(FMD), which when impaired causes endothelial dysfunction. The treatment also inhibited
platelet aggregation and decreased low density lipoprotein (LDL) cholesterol levels.?2 These
results suggest that resveratrol may be useful in treating coronary artery disease.
Development of atherosclerosis is also characterized by lipid deposition in arteries, causing
blockages and thrombus formation. Treatment with resveratrol decreases the expression of
intercellular adhesion molecules (ICAM), vasuclar cell adhesion molecules (VCAMs), and
interleukin (IL)-8 molecules which contribute to the development of atherosclerosis by
promoting lipid deposition and increased inflammation. Further, resveratrol has been shown
to reduce inflammatory biomarkers in patients who do not yet have a high risk of developing
atherosclerosis, indicating that resveratrol may be a promising prophylactic treatment.33 A
one-year trial in patients at high risk of cardiovascular disease showed that consumption of a
grape nutraceutical containing resveratrol improved the inflammatory and fibrinolytic
status.>#:%5 These anti-inflammatory effects reduce the incidence of atherosclerosis and may
therefore decrease the risk of coronary artery disease and stroke.

A study performed by Biesinger et al. determined that resveratrol effectively reduces
diastolic blood pressure in conjunction with other phytochemicals such as grape seed
extract, green tea supplements and quercetin.>® Resveratrol, therefore, may be efficacious in
treating patients with hypertension, a major cause of heart disease.

Furthermore, a clinical trial was conducted to determine the effects of resveratrol on the
cardiovascular health of adult smokers. Long-term smoking has been known to lead to anti-
oxidant imbalance and inflammation with elevated concentrations of C-reactive protein
(CRP), both of which may cause cardiovascular disease. Bo et al. found that treatment with
resveratrol reduced systemic inflammation in the airways of patients and decreased CRP
released from the liver.>’

Although resveratrol has been shown to be effective in some clinical trials of various
cardiovascular conditions, other studies have reported inconclusive or conflicting results.
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Zortea et al. found that in schizophrenic patients who are characteristically obese and suffer
from metabolic disorders, treatment with resveratrol increased cholesterol and worsened
their lipid profiles.58 Additionally, Van der Made et al. showed that resveratrol has no effect
on HDL (high density lipoprotein) cholesterol levels and on apoA-1 concentrations in
overweight subjects.>® This casts doubt on resveratrol’s ability to reduce the risk of
cardiovascular conditions.

Overall, resveratrol has demonstrated positive effects in studies of various cardiovascular
conditions, however further research is necessary to verify its effectiveness in human
subjects.

Diabetes affects 422 million people worldwide, with type 2 diabetes comprising 90% of
those cases.®0 Despite increased understanding of this disease and advancements in
treatment in recent years, its frequency continues to increase globally, with the WHO
projecting that diabetes will be the seventh leading cause of death in 2030. There is much
interest in finding a safer, more effective and more affordable therapy to combat this disease.
Resveratrol has been shown to improve glycemic control and have antioxidative properties
in animal studies, and is therefore being investigated as a promising diabetes therapy.
However, because of a limited number of clinical studies, limited sample size and conflicting
data, resveratrol’s effectiveness remains unclear. Nonetheless, a systematic review by
Hausenblas et al. revealed that significant improvements in multiple cardiometabolic
biomarkers and an excellent safety profile support resveratrol as a leading candidate as an
adjunct to pharmacological management of type 2 diabetes mellitus. Specifically,
statistically significant positive effects were identified for systolic blood pressure,
hemoglobin Alc, and creatinine, but not for fasting glucose, homeostatic model assessment
of insulin resistance, diastolic blood pressure, insulin, triglycerides, LDL, or HDL
cholesterol .61

An important area of interest is whether resveratrol can improve glycemic control in
humans. Glycated hemoglobin (HbA1c) levels reflect glycemic control and can, therefore,
be used as a predictor of the microvascular and macrovascular complications associated with
type 2 diabetes. HbA1c levels seem to be determined by postprandial hyperglycemia.52 A
study by Bhatt et al. showed that daily resveratrol treatment for 3 months decreased HbAlc
levels, systolic blood pressure, total cholesterol, and total protein, improving glycemic
control.83 Fasting blood glucose also decreased, but not significantly. This suggests that
resveratrol could be a possible adjuvant for diabetes treatment. However, Thazhath et al.
studied two incretin hormones that affect postprandial hyperglycemia: glucose-dependent
insulinotropic polypeptide (GIP) and glucagon-like peptide 1 (GLP-1) from the intestine. In
healthy people, both hormones stimulate insulin, but in type 2 patients, only GLP-1 can act
to stimulate insulin. GLP-1 can also suppress glucagon secretion and energy intake and slow
gastric emptying, thereby targeting postprandial hyperglycemia. In rodent models,
resveratrol has been shown to upregulate GLP-1 and lower glycemia, but Thazhath et al.
found that in human patients, resveratrol had no effect on GLP-1 secretion, glycemic
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control, gastric emptying, body weight, or energy intake.52 As such, resveratrol’s efficacy in
improving glycemic control is indeterminate.

Brasnyo et al. also found that resveratrol did not cause any changes in GLP-1 or GIP levels
in diabetes patients. However, they did show that resveratrol significantly decreased insulin
resistance and blood glucose and delayed glucose peaks after meals.54 This may be due to a
resveratrol-induced decrease in urinary ortho-tyrosine excretion, a biomarker of oxidative
stress. Oxidative status is a promising area of diabetes research because oxygen free radicals
are involved in the insulin resistance characteristic of type 2 diabetes. In addition, Brasnyo et
al. found that resveratrol activated the Akt insulin signaling pathway by increasing the
phosphoAkt:Akt ratio in platelets.64

Crandall et al. studied older adults with impaired glucose tolerance (IGT), a major risk
factor for diabetes as well as cardiovascular disease. They found that although fasting
plasma glucose was unchanged with resveratrol treatment, peak postmeal glucose and 3-h
glucose declined. Postmeal insulin fell as well, and insulin sensitivity improved.5® Thus, it
seems that resveratrol is a promising therapy for insulin resistance.

Non-alcoholic fatty liver disease

NAFLD is the most common chronic liver disease world-wide, and is an obesity-related
disease.56:67 The disease is induced by increased levels of triacylglyceride accumulation,
which leads to hepatic steatosis, the primary symptom of NAFLD. As implied by its name,
patients with NAFLD consume little to no alcohol, yet their livers pathologically resemble
those with alcohol-induced liver damage.%¢ Biochemically, NAFLD is characterized by
inactivation of AMPK, hepatic lipid accumulation, decreased insulin sensitivity, and
inflammation.8.:67 As resveratrol has been shown to decrease inflammation, activate SIRT1
and mimic effects of caloric restriction, many have predicted that resveratrol could be a
potential treatment option for NAFLD.

As resveratrol has only been tested in a small number of clinical trials, there can be no
definitive conclusions regarding its effectiveness as a treatment for NAFLD, although certain
trends can be observed. A meta-analysis of placebo-controlled clinical trials indicated that
resveratrol treatment has negligible effects on attenuating NAFLD, given the small
improvement in NAFLD features.58 Clinical trials determined the pharmacological effect of
resveratrol by measuring the levels of alanine aminotransferase (ALT) and aspartate
aminotransferase (AST), two biomarkers that are upregulated in NAFLD, inflammatory
markers such as IL-6 and tumor necrosis factor-a (TNF-a), assessing insulin resistance, and
characterizing the patients’ lipid profiles.57:69-71 Resveratrol was found to have a beneficial
effect on patients with NAFLD when a smaller dose was given over a shorter period of time.
When patients were treated with a daily dose of 300 mg resveratrol for 3 months, they had
decreased levels of ALT and AST, increased lipid metabolism, along with decreased
inflammation and glucose levels.”? On the other hand, when patients were treated with high
doses of resveratrol for longer periods of time, no beneficial effect could be observed. In one
study by Chachay et al., patients were treated with 3000 mg resveratrol for 8 weeks, and in
another by Heebgll et al., patients were treated with 1500 mg resveratrol for 6 months. In
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both studies, there was no difference in the levels of ALT and AST, the lipid profiles, or
expression of genes related to NAFLD between the resveratrol and the placebo groups.67:69

In addition, one study shows that resveratrol may be a beneficial treatment for NAFLD when
used as a supplement to lifestyle modifications, including exercise and diet. The patients in
this study showed reduced levels of ALT, inflammatory factors such as IL-6 and NF-xB, as
well as improved lipid profiles.” All together, these studies seem to show that while
resveratrol might be a promising treatment for patients with NAFLD, it might be most
effective under certain conditions, and perhaps mostly as a supplement to recommended
lifestyle changes. As mentioned above, definitive conclusions cannot be drawn until more
clinical trials testing various dosages, durations of treatment, and contexts of treatment have
been conducted.

Clinical trials of resveratrol as an inducer of calorie restriction-like effects as a treatment of
obesity have produced mixed results. Timmers et al. found that treatment of obese men with
150 mg/ day of resveratrol for 30 days resulted in improved cellular and systemic markers of
metabolism, such as increased mitochondrial respiration in the muscle and decreased
circulating glucose and triglycerides.”? Poulsen et al., however, failed to reproduce the
findings out of a similar but slightly larger clinical trial, whereby 24 obese men were treated
with 500 mg/day of resveratrol for 4 weeks.”3 The lack of cellular and physiological
responses observed in this study contrasts with abundant preclinical evidence, and suggests
that future studies of the therapeutic potential of resveratrol should be conducted in obese
patients with more pronounced morbidity, such as type 2 diabetes or NAFLD.

CONCLUSIONS

The clinical trials presented in this review show that resveratrol’s therapeutic efficacy
depends on several factors. Resveratrol was more effective in certain types of cancer than in
others. For example, it seems to epigenetically reduce the expression of certain breast
cancer-related genes, but caused severe adverse events specifically in multiple myeloma
patients. The vast amount of preclinical data in support of resveratrol’s use as
chemopreventive or chemotherapeutic agents warrant further clinical studies. Treatment of
patients with AD and stroke was beneficial in all three clinical trials presented, suggesting
that resveratrol would be an effective treatment for neurological disorders. However, more
clinical trials in this area must be conducted in order to validate this trend. Resveratrol was
found to be beneficial for patients with cardiovascular disorders, but perhaps more so in
certain demographics than in others, as it was not found to be effective in extremely
overweight individuals, and detrimental in schizophrenic patients. In diabetic patients,
resveratrol was able to increase insulin sensitivity, decrease blood glucose levels, and
positively regulate several other biomarkers associated with diabetes. The effects of
resveratrol on NAFLD remain inconclusive, as half of the clinical trials found that
resveratrol positively affected NAFLD biomarkers, while the other half observed no changes
in those same biomarkers. Similarly, clinical trials of resveratrol in obesity provided
conflicting results. Overall, more clinical data are necessary in order to fully understand
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resveratrol’s therapeutic potential. In addition, future clinical trials should study whether
resveratrol is more efficacious in certain patient types. Pharmaceutical efforts should focus
on developing a resveratrol derivative with better bioavailability.

References
1

. Aggarwal BB, et al. Role of resveratrol in prevention and therapy of cancer: preclinical and clinical

studies. Anticancer Res. 2004; 24:2783-2840. [PubMed: 15517885]

. Bavaresco L, PD, Cantu E, et al. Elicitation and accumulation of stilbene phytoalexins in grapevine

berries infected by Botrytis cinerea. Vitis. 1997; 36:77-83.

. Langcake PWVM. The relationship of resveratrol production to infection of grapevine leaves by

Botrytis cinerea. Vitis. 1979; 18:244-253.

. Shukla Y, Singh R. Resveratrol and cellular mechanisms of cancer prevention. Ann N Y Acad Sci.

2011; 1215:1-8. [PubMed: 21261635]

. Renaud S, de Lorgeril M. Wine, alcohol, platelets, and the French paradox for coronary heart

disease. Lancet. 1992; 339:1523-1526. [PubMed: 1351198]

. Kopp P. Resveratrol, a phytoestrogen found in red wine. A possible explanation for the conundrum

of the ‘French paradox’? Eur J Endocrinol. 1998; 138:619-620. [PubMed: 9678525]

. Chung S, et al. Regulation of SIRT1 in cellular functions: role of polyphenols. Arch Biochem

Biophys. 2010; 501:79-90. [PubMed: 20450879]

. Sarkar FH, Li Y, Wang Z, Kong D. Cellular signaling perturbation by natural products. Cell Signal.

2009; 21:1541-1547. [PubMed: 19298854]

.LiH, etal. 3,3",4,5,5 -Pentahydroxy-trans-stilbene, a resveratrol derivative, induces apoptosis in

colorectal carcinoma cells via oxidative stress. Eur J Pharmacol. 2010; 637:55-61. [PubMed:
20399769]

10. Boocock DJ, et al. Phase | dose escalation pharmacokinetic study in healthy volunteers of

11.

12.

13.

resveratrol, a potential cancer chemopreventive agent. Cancer Epidemiol Biomarkers Prev. 2007;
16:1246-1252. [PubMed: 17548692]

Pervaiz S. Resveratrol—from the bottle to the bedside? Leuk Lymphoma. 2001; 40:491-498.
[PubMed: 11426522]

Kundu JK, Shin YK, Kim SH, Surh YJ. Resveratrol inhibits phorbol ester-induced expression of
COX-2 and activation of NF-kappaB in mouse skin by blocking IkappaB kinase activity.
Carcinogenesis. 2006; 27:1465-1474. [PubMed: 16474181]

Vanamala J, Reddivari L, Radhakrishnan S, Tarver C. Resveratrol suppresses IGF-1 induced human
colon cancer cell proliferation and elevates apoptosis via suppression of IGF-1R/Wnt and
activation of p53 signaling pathways. BMC Cancer. 2010; 10:238. [PubMed: 20504360]

14. Park ES, et al. Pterostilbene, a natural dimethylated analog of resveratrol, inhibits rat aortic

15.

16.

17.

18.

19.

vascular smooth muscle cell proliferation by blocking Akt-dependent pathway. Vascul Pharmacol.
2010; 53:61-67. [PubMed: 20398797]

Bai Y, et al. Resveratrol induces apoptosis and cell cycle arrest of human T24 bladder cancer cells
in vitro and inhibits tumor growth in vivo. Cancer Sci. 2010; 101:488-493. [PubMed: 20028382]
Parekh P, Motiwale L, Naik N, Rao KV. Downregulation of cyclin D1 is associated with decreased
levels of p38 MAP kinases, Akt/PKB and Pak1 during chemopreventive effects of resveratrol in
liver cancer cells. Exp Toxicol Pathol. 2011; 63:167-173. [PubMed: 20133117]

Alayev A, Berger SM, Kramer MY, Schwartz NS, Holz MK. The combination of rapamycin and
resveratrol blocks autophagy and induces apoptosis in breast cancer cells. J Cell Biochem. 2015;
116:450-457. [PubMed: 25336146]

Alayev A, Doubleday PF, Berger SM, Ballif BA, Holz MK. Phosphoproteomics reveals
resveratrol-dependent inhibition of Akt/mTORC1/S6K1 signaling. J Proteome Res. 2014;
13:5734-5742. [PubMed: 25311616]

Alayev A, et al. Combination of rapamycin and resveratrol for treatment of bladder cancer. J Cell
Physiol. 2017; 232:436-446. [PubMed: 27225870]

NPJ Precis Oncol. Author manuscript; available in PMC 2017 October 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Berman et al.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 12

Alayev A, et al. Effects of combining rapamycin and resveratrol on apoptosis and growth of TSC2-
deficient xenograft tumors. Am J Respir Cell Mol Biol. 2015; 53:637-646. [PubMed: 25844891]
Alayev A, et al. Resveratrol prevents rapamycin-induced upregulation of autophagy and selectively
induces apoptosis in TSC2-deficient cells. Cell Cycle. 2014; 13:371-382. [PubMed: 24304514]
Alayev A, Berger SM, Holz MK. Resveratrol as a novel treatment for diseases with mTOR
pathway hyperactivation. Ann N Y Acad Sci. 2015; 1348:116-123. [PubMed: 26200935]

Higdon, J., Drake, VJ., Delage, B. Resveratrol. Micronutrient Information Center; 2005. http://
Ipi.oregonstate.edu/mic/dietary-factors/phytochemicals/resveratrol#reference7

Walle T. Bioavailability of resveratrol. Ann N Y Acad Sci. 2011; 1215:9-15. [PubMed: 21261636]
Walle T, Hsieh F, DeLegge MH, Oatis JE Jr, Walle UK. High absorption but very low
bioavailability of oral resveratrol in humans. Drug Metab Dispos. 2004; 32:1377-1382. [PubMed:
15333514]

Howells LM, et al. Phase | randomized, double-blind pilot study of micronized resveratrol
(SRT501) in patients with hepatic metastases--safety, pharmacokinetics, and pharmacodynamics.
Cancer Prev Res (Phila). 2011; 4:1419-1425. [PubMed: 21680702]

Popat R, et al. A phase 2 study of SRT501 (resveratrol) with bortezomib for patients with relapsed
and or refractory multiple myeloma. Br J Haematol. 2013; 160:714-717. [PubMed: 23205612]
Cai H, et al. Cancer chemoprevention: evidence of a nonlinear dose response for the protective
effects of resveratrol in humans and mice. Sci Transl Med. 2015; 7:298ral117.

Tome-Carneiro J, et al. Resveratrol and clinical trials: the crossroad from in vitro studies to human
evidence. Curr Pharm Des. 2013; 19:6064-6093. [PubMed: 23448440]

Jang M, et al. Cancer chemopreventive activity of resveratrol, a natural product derived from
grapes. Science. 1997; 275:218-220. [PubMed: 8985016]

Kulkarni SS, Canto C. The molecular targets of resveratrol. Biochim Biophys Acta. 2015;
1852:1114-1123. [PubMed: 25315298]

Pezzuto JM. Resveratrol as an inhibitor of carcinogenesis. Pharm Biol. 2008; 46:443-573.

Paller CJ, et al. A phase | study of muscadine grape skin extract in men with biochemically
recurrent prostate cancer: safety, tolerability, and dose determination. Prostate. 2015; 75:1518-
1525. [PubMed: 26012728]

Kjaer TN, et al. Resveratrol reduces the levels of circulating androgen precursors but has no effect
on, testosterone, dihydrotestosterone, PSA levels or prostate volume. A 4-month randomised trial
in middle-aged men. Prostate. 2015; 75:1255-1263. [PubMed: 25939591]

Schneider Y, et al. Anti-proliferative effect of resveratrol, a natural component of grapes and wine,
on human colonic cancer cells. Cancer Lett. 2000; 158:85-91. [PubMed: 10940513]

Sale S, et al. Comparison of the effects of the chemopreventive agent resveratrol and its synthetic
analog trans 3,4,5,4" -tetramethoxystilbene (DMU-212) on adenoma development in the Apc(Min
+) mouse and cyclooxygenase-2 in human-derived colon cancer cells. Int J Cancer. 2005;
115:194-201. [PubMed: 15688382]

Patel KR, et al. Clinical pharmacology of resveratrol and its metabolites in colorectal cancer
patients. Cancer Res. 2010; 70:7392-7399. [PubMed: 20841478]

Jazirehi AR, Bonavida B. Resveratrol modifies the expression of apoptotic regulatory proteins and
sensitizes non-Hodgkin’s lymphoma and multiple myeloma cell lines to paclitaxel-induced
apoptosis. Mol Cancer Ther. 2004; 3:71-84. [PubMed: 14749477]

Zhu W, et al. Trans-resveratrol alters mammary promoter hypermethylation in women at increased
risk for breast cancer. Nutr Cancer. 2012; 64:393-400. [PubMed: 22332908]

Potter GA, et al. The cancer preventative agent resveratrol is converted to the anticancer agent
piceatannol by the cytochrome P450 enzyme CYP1B1. Br J Cancer. 2002; 86:774—778. [PubMed:
11875742]

Pasinetti GM, Wang J, Ho L, Zhao W, Dubner L. Roles of resveratrol and other grape-derived
polyphenols in Alzheimer’s disease prevention and treatment. Biochim Biophys Acta. 2015;
1852:1202-1208. [PubMed: 25315300]

Huang Y, Mucke L. Alzheimer mechanisms and therapeutic strategies. Cell. 2012; 148:1204-1222.
[PubMed: 22424230]

NPJ Precis Oncol. Author manuscript; available in PMC 2017 October 06.


http://lpi.oregonstate.edu/mic/dietary-factors/phytochemicals/resveratrol#reference7
http://lpi.oregonstate.edu/mic/dietary-factors/phytochemicals/resveratrol#reference7

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Berman et al.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.
61.

62.

63.

64.

Page 13

Moussa C, et al. Resveratrol regulates neuroinflammation and induces adaptive immunity in
Alzheimer’s disease. J Neuroinflammation. 2017; 14:1. [PubMed: 28086917]

Turner RS, et al. A randomized, double-blind, placebo-controlled trial of resveratrol for Alzheimer
disease. Neurology. 2015; 85:1383-1391. [PubMed: 26362286]

Thordardottir S, et al. The effects of different familial Alzheimer’s disease mutations on APP
processing in vivo. Alzheimers Res Ther. 2017; 9:9. [PubMed: 28209190]

Feigin VL, et al. Global and regional burden of stroke during 1990-2010: findings from the Global
Burden of Disease Study 2010. Lancet. 2014; 383:245-254. [PubMed: 24449944]

Saver JL. Improving reperfusion therapy for acute ischaemic stroke. J Thromb Haemost. 2011,
9:333-343.

Chen J, Bai Q, Zhao Z, Sui H, Xie X. Resveratrol improves delayed r-tPA treatment outcome by
reducing MMPs. Acta Neurol Scand. 2016; 134:54-60. [PubMed: 26455907]

World Health Organization. Cardiovascular Diseases (CVDs). 2016. http://www.who.int/
mediacentre/factsheets/fs317/en/

\Voloshyna I, Hussaini SM, Reiss AB. Resveratrol in cholesterol metabolism and atherosclerosis. J
Med Food. 2012; 15:763-773. [PubMed: 22856383]

Cho S, et al. Cardiovascular protective effects and clinical applications of resveratrol. J Med Food.
2017; 20:323-334. [PubMed: 28346848]

Magyar K, et al. Cardioprotection by resveratrol: a human clinical trial in patients with stable
coronary artery disease. Clin Hemorheol Microcirc. 2012; 50:179-187. [PubMed: 22240353]

Agarwal B, et al. Resveratrol for primary prevention of atherosclerosis: clinical trial evidence for
improved gene expression in vascular endothelium. Int J Cardiol. 2013; 166:246-248. [PubMed:
23098852]

Tome-Carneiro J, et al. Consumption of a grape extract supplement containing resveratrol
decreases oxidized LDL and ApoB in patients undergoing primary prevention of cardiovascular
disease: a triple-blind, 6-month follow-up, placebo-controlled, randomized trial. Mol Nutr Food
Res. 2012; 56:810-821. [PubMed: 22648627]

Tome-Carneiro J, et al. One-year consumption of a grape nutraceutical containing resveratrol
improves the inflammatory and fibrinolytic status of patients in primary prevention of
cardiovascular disease. Am J Cardiol. 2012; 110:356-363. [PubMed: 22520621]

Biesinger S, et al. A combination of isolated phytochemicals and botanical extracts lowers diastolic
blood pressure in a randomized controlled trial of hypertensive subjects. Eur J Clin Nutr. 2016;
70:10-16. [PubMed: 26059745]

Bo S, et al. Anti-inflammatory and antioxidant effects of resveratrol in healthy smokers a
randomized, double-blind, placebo-controlled, cross-over trial. Curr Med Chem. 2013; 20:1323—
1331. [PubMed: 23298135]

Zortea K, et al. Resveratrol supplementation in schizophrenia patients: a randomized clinical trial
evaluating serum glucose and cardiovascular risk factors. Nutrients. 2016; 8:73. [PubMed:
26840331]

van der Made SM, Plat J, Mensink RP. Resveratrol does not influence metabolic risk markers
related to cardiovascular health in overweight and slightly obese subjects: a randomized, placebo-
controlled crossover trial. PLoS One. 2015; 10:e0118393. [PubMed: 25790328]

World Health Organization. Diabetes. 2016. http://www.who.int/mediacentre/factsheets/fs312/en/
Hausenblas HA, Schoulda JA, Smoliga JM. Resveratrol treatment as an adjunct to pharmacological
management in type 2 diabetes mellitus--systematic review and meta-analysis. Mol Nutr Food Res.
2015; 59:147-159. [PubMed: 25138371]

Thazhath SS, et al. Administration of resveratrol for 5 wk has no effect on glucagon-like peptide 1
secretion, gastric emptying, or glycemic control in type 2 diabetes: a randomized controlled trial.
Am J Clin Nutr. 2016; 103:66—70. [PubMed: 26607942]

Bhatt JK, Thomas S, Nanjan MJ. Resveratrol supplementation improves glycemic control in type 2
diabetes mellitus. Nutr Res. 2012; 32:537-541. [PubMed: 22901562]

Brasnyo P, et al. Resveratrol improves insulin sensitivity, reduces oxidative stress and activates the
Akt pathway in type 2 diabetic patients. Br J Nutr. 2011; 106:383-389. [PubMed: 21385509]

NPJ Precis Oncol. Author manuscript; available in PMC 2017 October 06.


http://www.who.int/mediacentre/factsheets/fs317/en/
http://www.who.int/mediacentre/factsheets/fs317/en/
http://www.who.int/mediacentre/factsheets/fs312/en/

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Berman et al.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Page 14

Crandall JP, et al. Pilot study of resveratrol in older adults with impaired glucose tolerance. J
Gerontol A Biol Sci Med Sci. 2012; 67:1307-1312. [PubMed: 22219517]

Charytoniuk T, Drygalski K, Konstantynowicz-Nowicka K, Berk K, Chabowski A. Alternative
treatment methods attenuate the development of NAFLD: a review of resveratrol molecular
mechanisms and clinical trials. Nutrition. 2017; 34:108-117. [PubMed: 28063505]

Heeboll S, et al. Placebo-controlled, randomised clinical trial: high-dose resveratrol treatment for
non-alcoholic fatty liver disease. Scand J Gastroenterol. 2016; 51:456-464. [PubMed: 26784973]

Zhang C, et al. Efficacy of resveratrol supplementation against non-alcoholic fatty liver disease: a
meta-analysis of placebo-controlled clinical trials. PLoS One. 2016; 11:e0161792. [PubMed:
27560482]

Chachay VS, et al. Resveratrol does not benefit patients with nonalcoholic fatty liver disease. Clin
Gastroenterol Hepatol. 2014; 12:2092-2103. [PubMed: 24582567]

Chen S, et al. Resveratrol improves insulin resistance, glucose and lipid metabolism in patients
with non-alcoholic fatty liver disease: a randomized controlled trial. Dig Liver Dis. 2015; 47:226—
232. [PubMed: 25577300]

Faghihzadeh F, Adibi P, Rafiei R, Hekmatdoost A. Resveratrol supplementation improves
inflammatory biomarkers in patients with nonalcoholic fatty liver disease. Nutr Res. 2014; 34:837—
843. [PubMed: 25311610]

Timmers S, et al. Calorie restriction-like effects of 30 days of resveratrol supplementation on
energy metabolism and metabolic profile in obese humans. Cell Metab. 2011; 14:612-622.
[PubMed: 22055504]

Poulsen MM, et al. High-dose resveratrol supplementation in obese men: an investigator-initiated,
randomized, placebo-controlled clinical trial of substrate metabolism, insulin sensitivity, and body
composition. Diabetes. 2013; 62:1186-1195. [PubMed: 23193181]

NPJ Precis Oncol. Author manuscript; available in PMC 2017 October 06.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Berman et al.

Cancer

Prostate:
-Increase in
PSADT

Breast:
-Decrease in
RASSF-1a
methylation

Colorectal:
-Increase in
cleaved Caspase-3
-Reduction of
tumor cell
proliferation

Fig. 1.

Neurological
Disorders

Alzheimer’s
Disease:
-Reduction of CSF
MMP-9
-Increase in IL-4
-Decline in AB42
and AB40

Ischemic Stroke:
-Reduction of
MMP-9 and

‘ MMP-2

Clinical benefits of resveratrol

Cardiovascular
Diseases

Coronary Artery
Disease:
-Improvement of
left ventricular
systolic and
diastolic function
-Improvement in
FMD levels
-Reduction of LDL
cholesterol levels

Atherosclerosis:
-Decrease in
expression of

endothelial cell
ICAM, VCAM, and
IL-8
-Decrease in
plasma IFN-y and
insulin levels

Hypertension:

-Reduction of

diastolic blood
pressure

Oxidative Stress:
-Decrease in CRP

' release

Diabetes

Type 2:
-Improvement of
glycemic control

-Decrease in

HbAlc, systolic

blood pressure,
total cholesterol,
and total protein

-Decrease in insulin
resistance

-Delay in glucose
peaks after meals

Impaired Glucose
Tolerance:
-Increase in insulin
sensitivity
-Decrease in post-
meal glucose

e

NPJ Precis Oncol. Author manuscript; available in PMC 2017 October 06.

Page 15

Non-Alcoholic
Fatty Liver Disease

-Reduction of ALT
and AST
-Reduction of IL-6
and TNF-a
-Reduction of
NF-KB activity
-Improvement in
lipid profiles
-Reduction of
cholesterol and
blood glucose



Page 16

Berman et al.

95

€5

<S

14

144

g

6¢

L2

[e1o1aUsg

[e1o1aUsg

[e1o1aUsg

[e1o1aUsg

[e1o1susg

[e1o18Usg

[e1o1aUsg

S]UBAS 9SI9APE 319N8S

alnssald o1j0)seIp Paonpay

uinsui pue A-N4| ewse|d Jo sjang|
pasealoap :g-T1 pue INVIA ‘INVI

1139 [B113Y30pU3 JO UOISSaIdXa pasesiaq
|9A3] [0421S8]0Yd-T1d "] PaIamo|

‘AN panoidui tuonouny d1joiselp

pue 91]01SAS JeINJLIIUSA 13| panoidw]

Z-dIWIN PUe 6-dININl Padnpay

$S0| BWN|OA Uleiq pasesoul
ovdv pue zygdv Ul au1josp parenusny

0vgV pue Zigy Ul auIjoap palenuae
‘P-"11 8sealoul ‘6dININ 4SO padnpay

uonejAylaW PI-4SSKY Ul 8sealdsd
VN

Bururels 29-1 ur uononpal Aq payeslput

10 pus|q Bw 09 ‘|oJresansal
Bw 09 ‘ea] usalb Bw Q0T
‘uns pue paas adeib Bw Qeg

unaasenb
B 00T “10841%8 Upjsadel’ Bw
00V ‘|oJTeIaASBI-SURI) B OO

Ajrep 6w o1

1ybram
Apoq jo By/jolresansal Buw Gz

Ajrep 821wy
Bw 000T yum Buipus ‘syaam
€T A1ana uoire|edss asop B
005 ynm ‘Ajrep aouo B 00g

Ajrep a01my
Bw 00T UM Bulpus ‘sxeam

€T AJans uoneeass asop B
008G yum ‘Ajrep aouo bw 00g

Ajrep 801m1 Bw oG 1o §
T0518S 6 0'g

skep gz

tpuow

Syuow ¢

19SUO0 9X011S Jo

Y ¢-0 Jaye ulw 09

syjuow g1

syjuow 1

syluow
syuow f~
AK1abuns

uBisap Jan0sso.o ‘pajjouod
-0ga2e|d ‘paziwopuel
‘putig-s|qnop ‘swsmed g1

pajjoau0d
-0qade|d ‘paziwopuel ‘puilq
-8|qnop ‘s1oafans Ayesy v

pajjoau0d
-0ga2e|d ‘paziwopuel
‘pulig-sjgnop ‘syusied of

pajjosu02-0gaoeld
‘paziwopuel ‘syusied ZTe

[en
2 aseyd “Jayuaoninuw ‘put|q
-8]qnop ‘pa]0.au02-ogaae|d
‘paziwopuel ‘syusied 6TT

[eL} g aseyd ‘ayis-1ynw ‘putlq
3|qnop ‘pajjonuod-ogase|d
‘paziwopuel ‘syusied 6TT

[eL1} [e21U1]D Pa[]0JIU0D
-029e|d ‘pu|g-a|gnop
‘paziwopuel ‘siusned 68

lewi z aseyd ‘syuaned yz

uoisuauadAH

SI1S018[0S0JBUYIY

aseasip Alavle Areuolo)

SaseasIp JejnaseAolped

90118 21WBYS|

av

av

S18pJ0sIp |ea16ojoInaN

J1aJued 1sealg

ewoaAw ajdninn

16 le1oyausg ‘uoirelayijold |32 JowN} Ul UOHINPAY Bw 000T 40 005 0} Joud sAep g sjuaiyed 0z 139U [€19810]0D
[ers T aseyd ‘putlq
(sisoydode) AK1abuns 3]gnop ‘pajj021u0d-o0gadeld
9 le1oyausg g-asedse) paAes|d Ul asealou| T0S14s B 0'S 0} Jond sAep ¥T ‘paziwopuel sjuaired 6 139U [€19810]0D
S|8ns] Sd pue [eL [eaurjo
9zIs a1e1s04d uo 10948 ON ‘SYIHQ pue al1s-a|buls ‘pajjonuoa-ogadeld
e 3UON ‘Y3HQ ‘aU0IpaUaISOIpUE Ul 3Se8I28Q Ajrep Bw 000T 4o Bw ST syuow ‘paziwopuel ‘sjusired 99 139ued 91e1S0.d
[[XITEINS:!
B v sey Xd Bw (qusned
005 A13A3 "XdIAl J0 B 0007 uo Buipuadap)
33 [eldlausg 1Adwvsd ul ssealou] 10 ‘000€ ‘0002 ‘000T ‘005 syluow 1e-¢ [e1 T aseyd ‘sjusned 4T 1adued 31e1soid
190Ue)
ERIEIETEN 10943 sabueyd aaytewolg abesop [041e1ansay Jern Jo y1bua suoIpuod Apnis adA1 aseasiq

Author Manuscript

T alqeL

Author Manuscript

$108149 [B2IUI]D S, [0J1RIAASAY JO Arewwing

Author Manuscript

Author Manuscript

PMC 2017 October 06.

in

available

NPJ Precis Oncol. Author manuscript



Page 17

Berman et al.

saji04d pidij panosdwi

(191p Aupreay pue 8s1219xd

pa|jo1u0d
-0gaoed ‘puljg-ajqnop

17 |eloysusg AnAioe g3-4N ‘9-11 'LV Ul uononpay 03 uonippe ut) Bw 00§ Syluow ¢ ‘paziwopuel ‘syustyed 0G aT4dvN
pulig
D-4NL a|qnop ‘pa|jo1u02-0gadeld
oL leoyauag  ‘as09an|b ‘|0J81sa|0yYd 1TV 1SV paanpay Ajrep a21mi1 Bw 0og syuow € ‘paziwopuel ‘sjusired 09 advN
1SV pue ]V Ul 8sea1du| "SIS0}eals pajjosiu09-0gade|d
69 3UON 10 92URISISaI UlNsul ul abueyd oN Bw 000g syuow g ‘paziwopuel ‘syusied oz a14dvN
Ainnisuss uinsui Jo ajiyold pidi pajjou09-ogadeld
19 aUON u1 Juawanoidwil oN 17V ul abueyd oN Ajrep Bw 00ST syuow 9 ‘paziwopuel ‘sjusired gz advN
ddvN
AAnIsuss uljnsul pasealoul ‘8s0an|h y-g Apnis |age|-uado ‘sieak € F
59 le1olyauag pue as0an|b eawnsod yead ul asealnaq  Ajrep Bw 000z 40 ‘00ST ‘000T Yuow T 2/ abe ueaw yum swaned T 191
uondIIXd
auIsoJA10y1I0 Aseunin ‘sjeaw Jaye Apnis paj|03uod
syead asoan|b pakejap ‘asoon|b poojq -0qa2e|d ‘paziwopuel
9 le1oysusg pasealdap ‘8ouBlSISal UlINsul pasealdsg Ajrep 821y Bw g yuow T ‘puijg-ajqnop ‘syuaired 6T sejaqeIp g adAL
uisjoud [ej0} pue lei
‘|0431$8]0Y9 [€10} ‘g 91101SAS ‘OTWqH pa|]0J1u09 ‘paziwopuel ‘|age|
€9 |e1o1yausg pasea.loap :]043u09 1WadA|B panoiduw Ajrep Bw 0G5z syuow ¢ -uado ‘annoadsold ‘sjusned g9 eIwadAlb ‘saraqelp g adAL
U?amiaq ui poriad
INOYSEM YaaM
-G yum spotad uBisap Jan0sso.d ‘pa)jo3uod
uonuaAIBUI -0qa2e|d ‘paziwopuel
29 aUON UOI12123S T-d19 U0 1084d ON Ajrep 20311 Bw 005 Moam-Gz ‘puijg-ajgnop ‘syuaired T sajaqelp g adAL
sejaqeIqQ
ubisap
J3N0SS049 ‘Pa)joiu0-0gade|d s10algns
s|ens] 1aH ‘paziwopuel ‘s}a8lqns asaqo 95900 pue Jyb1amIano
65 3UON  pUe SUOITENUAIU0I |-yyode ul abueyd oN Aprep Bw 05T yuow T Apuybis pue ybramiano Gy 10 Y1[eay Je[naseAoipre)
10J81s3|0Yd pa]|0Ju02 ‘paziwopues
[€30} pue ‘9509N|6 ‘9IUBIBHWNIIID ‘pu1jg-a|qnop ‘sjusired  S1039B} XSII JBINISEAOIPIED
g 3UON 1srem ‘ybram Apoq u1 abueys oN Ajrep Bw 00z yuow T ajew o1uaiydoziyds 6T pue 8s0on|H wnJas
JaN| uBiSap J9A0SS0ID
3} WOy ases|al 4D paseadsp ‘shemire ‘paziwopuel ‘pul|g-sjgnop SS8.3S BAITEPIXO
15 le1dyausg Ul UOIBWIWRIHUT J1WRISAS paonpay Aprep Bw 005 syuow € ‘s1ayows 1npe Aylfeay 0 pue uoIeWWeU|
Ausang
pue egojiq of3u1b ‘unsasenb
ERIIEIETEN 19943 sabueyd JayJewolg abesop [0J1eansay [ern jo y1bua suonIpuod Apms adAy aseasiq

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2017 October 06.

in

available

NPJ Precis Oncol. Author manuscript



	Abstract
	INTRODUCTION
	CLINICAL TRIALS
	Cancer
	Neurological disorders
	Cardiovascular diseases
	Diabetes
	Non-alcoholic fatty liver disease
	Obesity

	CONCLUSIONS
	References
	Fig. 1
	Table 1

