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Abstract
The ethanol extract of Melinjo seeds (MSE), an edible fruit native to Southeast Asia, is rich in resveratrol dimer (gnetin C) and other stilbenes. In preclinical studies 
MES was shown to exert antioxidant, anti-inflammatory and other health promoting activities. This study evaluated the cellular and molecular immune responses in 
5 healthy volunteers at baseline and after the oral administration of MSE for 28 days. The administration of MES resulted in a significant increase in the antioxidant 
activity of the plasma and a decrease in the protein carbonyl content of the plasma compared with the corresponding baseline levels. The circulating numbers of B and 
T lymphocytes remained essentially unchanged throughout the course of the study, however MES consumption was associated with an increase in the proportion of 
circulating NK cells and regulatory T cells (CD3+, CD4+, CD25, CD127low/neg). In addition, MES-treated peripheral blood mononuclear cells more efficiently 
generated Treg cells in vitro compared with their un-treated counterparts. These findings demonstrate that MES modulates oxidative stress parameters in the plasma 
of healthy individuals and has biological effects on immune cells.

Introduction
Ethanol extracts from the seeds of the melinjo (Gnetum gnemon 

L.), a perennial tree native to Southeast Asia, was recently discovered 
to contain several stilbenoids, including trans-resveratrol (resveratrol 
monomer), gnetin C (resveratrol dimer), gnetin L, gnemonoside A, 
gnemonoside C and gnemonoside D. In a seminal report, these melinjo 
derivatives, referred to as “melinjo extract” (MES), were reported to 
possess free radical scavenging activity, as well as antimicrobial effects 
against food-contaminating microorganisms and enterobacteria [1]. In 
subsequent studies, MES showed a strong inhibitory effect in a murine 
model of tumor angiogenesis [2] and modulated cytokine production 
in cultured Peyer’s patch cells from mice [3]. Since melinjo leaves, 
fruits and seeds are frequently consumed as part of the Indonesian 
cuisine [1], it was anticipated that MES should be safe for humans 
[1]. Consistent with this notion, high doses of MSE powder (5,000 mg 
daily) were well tolerated in healthy individuals [4]. In addition, in a 
randomized controlled study in non-obese Japanese males, Konno and 
colleagues reported that MES consumption (750 mg daily for eight 
weeks), was safe and associated with a significant decrease in serum 
uric acid levels, as well as an increase in the plasma levels of HDL [5]. 
Moreover, a recent toxicological study reported no signs of toxicity in 
rats exposed to extremely high concentrations (1,000 mg/kg/day) of 
MES [6].

Because MES contains a resveratrol monomer and resveratrol 
dimer and these agents have been reported to possess several health 
promoting properties, including anti aging effects [7,8], cancer 
chemopreventive potential [2,8,9] and immune modulatory effects in 
several preclinical studies [3,10], we investigated the potential health 
promoting effects of the repeated administration of MES in healthy 
volunteers using measurable changes in circulating immune cells 
and the modulation of oxidative stress parameters in the plasma and 
urine samples as biomarkers. Our data revealed that MES induced 

biological effects on circulating immune cells and showed considerable 
antioxidant activities in vivo.

Materials and methods
Study design

Five healthy volunteer (3 males, 2 females; 34-46 years old, median 
42 years old; 50-76 kg, median 63 kg; 160-184 cm, median 167 cm; body 
mass index [BMI], 19-28 kg/m-2, median 21 kg/m-2) were enrolled in this 
phase 1 trial (UMIN-CTR #UMIN000007690), which was approved 
by the Kanazawa University Hospital Institutional Review Board and 
conducted in accordance with the Declaration of Helsinki. All subjects 
provided their written informed consent prior to enrollment. Inclusion 
criteria included no subjective symptom of any disease, having normal 
liver and renal function, no history of consumption of phytochemical 
supplement or vitamins one month before enrollment into this study, 
and the willingness to abstain from the ingestion of resveratrol-
containing food and drink during the course of the study. Exclusion 
criteria were chronic medications and diseases, previous history of 
invasive cancer within 5 years, previous history of non-invasive cancer 
within a year, and previous history of smoking within a year. 

The enrolled subjects were given tablets containing MES (LOT# 
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0801K) (Hosoda SHC, Fukui, Japan). The subjects were instructed 
to ingest 20 MES tablets every morning for 28 consecutive days and 
were evaluated on a weekly basis for compliance and adverse events 
according to the National Cancer Institute Common Terminology 
Criteria for Adverse Events (CTCAE) version 4.0 [11]. Each MES 
tablet contained 38.5% MES powder, 49.5% cyclodextrin, 10% 
polysaccharide as a thickener and 2% of sucrose. The MES powder 
contained the following stilbenes: gnemonoside A (1.14%), resveratrol 
monomer or trans-resveratrol (0.09%), gnemonoside D (1.54%) and 
gnetin C, (2.57%). The primary objective of this trial was to evaluate the 
safety of MES and to investigate the antioxidant effects of MES in vivo. 
The secondary objective was to assess the effects of MES on circulating 
lymphocytes as measured by the expression of surface receptors on 
specific lymphocytic subsets.

Sample preparation

Blood samples were collected at pre-dose (day 0) and at 14, 28, 
42 and 56 days after starting MES consumption. The blood was 
collected in 7 ml heparinized collection tubes. From each sample, two 
ml of blood were centrifuged under refrigeration (10 min, 1300 × g). 
To prevent light damage of MES stilbenes and their metabolites, the 
plasma was transferred to LightSafe 1.5 ml centrifuge tubes (Sigma-
Aldrich, St. Louis, MO, USA) and stored at −70°C until use. Peripheral 
blood mononuclear cells (PBMCs) were isolated using gradient 
centrifugation from the remaining 5 ml of blood. Isolated PBMCs were 
immediately analyzed by flow cytometry for their expression of cell 
surface markers or were cryopreserved for further use.

Pharmacokinetic evaluations

A high performance liquid chromatography (HPLC) analysis for 
the quantification of MES stilbenes was performed using the Acquity 
UPLC System (Waters Corp., Milford, MA USA) as described previously 
[4,12]. The metabolites were separated at 40°C using a reversed phase 
column (Acquity UPLC BEH C18, 2.1 × 100 mm, 1.7 μm). Injections 
were carried out with an autosampler maintained at 20°C. The mobile 
phase comprised water and acetonitrile and was pumped at a flow rate 
of 0.3 ml/min. Tandem mass spectrometry (MS/MS) was performed 
on a Q−Premier XE triple quadrupole mass spectrometer (Waters) 
equipped with a turbo electrospray ion source (ESI) in the positive and 
negative mode and a heated curtain gas interface to the high−vacuum 
region of the mass analyzer. Mass detection and quantification of 
analysis were accomplished in multiple reaction monitoring (MRM) 
mode and spectra analyzed using the MassLynx software program 
(Waters). The quantification of trans−resveratrol, gnetin C, gnetin C 
monoglucuronide, gnemonoside A, gnemonoside D was performed 
using the plasma matrix standard curve. The limits of detection (LOD) 
and limits of quantitation (QOD) were determined as the analyte 
concentration that gave a signal−to−noise ratio (S/N) of 3 and 10, 
respectively. cis-gnetin C was confirmed using gnetin C solutions 
irradiated with artificial UV light for 0.5 h.

Measurement of plasma antioxidant capacity 

The total antioxidant capacity of the plasma was measured with 
a metmyoglobin assay using an Antioxidant Assay Kit (Cayman, 
Ann Arbor, MI, USA). The assay relies on the ability of antioxidants 
of a given sample to inhibit the oxidation of ABTS (2,2′-azinobis 
[3-ethylbenzothiazoline 6-sulfonate]) to ABTS+ by metmyoglobin. 
The amount of ABTS+ was monitored colorimetrically at 405 nm. 
The antioxidant capacity of the plasma to prevent ABTS+ formation 
was compared with that of Trolox and was quantified as millimolar 

Trolox equivalent. All measurements were carried out on the same day 
and were performed using a Multiskan microplate reader (Thermo 
Labsystems, Beverly, MA, USA). The fold change was calculated by 
dividing the value from the experimental group by the value from the 
control group (baseline or W0). To convert expression ratio values less 
than 1.0 to fold changes, the formula -1/ratio was used. For example, 
-(1/0.259)= -3.861. 

Measurement of carbonylated proteins in plasma

The carbonyl content in plasma proteins was quantified using a 
colorimetric Protein Carbonyl Assay Kit following the manufacturer’s 
protocol (Cayman). This assay utilizes the generation of hydrazone that 
occurs as a result of the reaction between 2,4-dinitrophenylhydrazine 
(DNPH) and protein carbonyls found in the samples. The amount of 
protein-hydrazone was quantified by comparing the absorbance at 280 
nm to a standard bovine serum albumin curve.

Flow cytometry

Freshly isolated PBMCs were stained with antibodies specific to the 
cell surface markers of T cells, B cells and NK lymphocytes lineage, 
including anti-CD3, CD16, anti-CD19, CD56, (BD Biosciences, San 
Jose, CA, USA), anti-NKG2D, anti-NKp30 anti-NKp46, anti-DNAM-1 
(R&D Systems, Minneapolis, MN, USA), anti-NKG2A, and anti-
γδ TCR (BD Bioscience). The cells were also stained with NIR zombie 
dye (BioLegend, San Diego, CA, USA) to exclude dead cells from the 
analysis. The stained cells were analyzed in a BD Canto instrument (BD 
Biosciences). The proportion of circulating regulatory T cells (cTreg) 
was assessed in cryopreserved PBMCs stained with anti-CD3, anti-
CD4, anti-CD25 anti-CD127 and NIR zombie dye. Flow cytometry 
data were analyzed using the FlowJo software package (Tree Star) and 
data was expressed as the percentage of positive cells or as the mean 
fluorescent intensity.

Measurement of urinary 8-Oxo-2’-deoxyguanosine (8-
OHdG)

Urine samples from the participants were collected in sterile 
tubes at baseline and two and four weeks after MES administration. 
Samples were kept refrigerated and shipped to the Japan Institute for 
the Control of Aging (JaICA), Nikken Sail Co. Ltd. (Fukuroi, Shizuoka, 
Japan) where the urinary levels of 8-OHdG, adjusted by the creatinine 
concentration correction method, were determined.

Cell culture

PBMCs from healthy individuals were seeded onto 24-wells 
plates (1X106 cells/ml) and cultured for four days in RPMI medium 
supplemented with 20% FBS and 100 IU/ml of recombinant IL-2, 10 
ng/ml of recombinant IL-15 (PeproTech, Rocky Hill, NJ, USA) and 
anti-CD3/CD28 magnetic beads (Invitrogen, Waltham, MA, USA) 
in the presence or the absence of several concentrations of MES 
(solubilized in DMSO), pure gnetin C (Hosoda), pure resveratrol 
(Sigma-Aldrich) or vehicle (0.5% DMSO). The cells were then stained 
with fluorochrome-labeled anti-CD3, anti-CD25, anti-CD4, and anti-
CD127 antibodies and analyzed by flow cytometry.

ELISA

PBMCs from three healthy individuals were seeded onto 
24-wells plates (1 × 106 cells/ml) and cultured for 48 hours in RPMI 
medium supplemented with 20% FBS and 100 IU/ml of recombinant 
IL-2 in the presence or absence of several concentrations of MES. 
In some experiments, PBMCs were primed with 2.5 µg/ml of 
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phytohemagglutinin A (PHA) for 24 hours and then cultured for 
other 48 hours in RPMI medium supplemented with 20% FBS and 
recombinant IL-2 in the presence or absence of several concentrations 
of MES. Culture supernatants were collected and the levels of interferon 
gamma (IFN-γ), tumor necrosis factor alpha (TNF-α) and granzyme 
B (GZMB) were assessed using specific ELISA kits, following the 
manufacturer’s recommendations (Mabtech, Nacka Strand, Sweden). 
To measure the plasma levels of GZMB, samples were diluted in a 
ready-to-use ELISA diluent (catalog #3652-D2, Mabtech, Cincinnati, 
OH, USA) and then assessed using the GZMB ELISA kit.

Statistical analysis

All data are reported as the means ± standard deviations. When 
comparisons were made between two different groups, statistical 
significance was determined using Student’s t-test. The statistical 
significance of multiple comparisons was determined using a one-
way analysis of variance. The data were considered to be statistically 
significant when the P value was ≤0.05. 

Results
Safety and pharmacokinetic evaluations

All five subjects enrolled in this study received MES tablets for 
28 consecutive days, which was equivalent to 262 mg of gnetin C and 
5.8 mg of trans-resveratrol daily. Among the volunteer participants, 
one subject experienced grade 1 diarrhea that resolved without 
sequelae or intervention. No other adverse events were reported. 
Since comprehensive pharmacokinetics studies of the single dose 
and repeated administration of MES in Japanese healthy volunteers 
have been reported elsewhere [4,5], in this study we did not perform 
repeated measurements of MES stilbenes and its metabolites and 
instead measured the concentrations of trans-resveratrol, gnetin C or 
their metabolites at baseline and two weeks after MES administration. 
A HPLC analysis of the plasma samples collected at two weeks after 
the consumption of MES revealed the presence of trans-resveratrol 
(0.0612 ± 0.0535 µg/ml), gnetin C (0.344 ± 0.205 µg/ml) and gnetin C 
monoglucoronide (0.09664 ± 0.0561 µg/ml). Conversely, MES stilbenes 
or their metabolites were not detected in any of the plasma samples 
collected at baseline (Table 1).

Effects of MES on the plasma antioxidant capacity

Using an assay that measures the total antioxidant activity of 
the plasma, including any endogenous and antioxidant activities 
that could be derived from MES consumption, we measured the 
plasma antioxidant capacity at baseline and two and four weeks after 
consumption. Consistent with its reported antioxidant and scavenger 
activities, the intake of MES correlated with a significant increase in 
the overall antioxidant capacity in the plasma samples. By the second 

week after MES intake, the plasma antioxidant capacity was nearly 
2-fold higher than that of the samples collected at baseline, reached 
a 2.5-fold increase by week 4 and returned to baseline levels in the 
samples collected at 8 weeks after MES intake (Figure 1A). In addition, 
compared with the baseline levels, a significant decrease (p=0.001) in 
the carbonyl protein content in the plasma samples was detectable by 2 
weeks after MES consumption. The carbonyl protein content returned 
to the baseline levels at week 8 of the study (Figure 1B). 

Because endogenous DNA damage plays a major role in 
mutagenesis, carcinogenesis and aging, and MES showed strong 
antioxidant potential, we next tested the effects of MES on the levels 
of 8-OHdG, which is a broadly used biomarker of endogenous DNA 
damage [13]. Compared to the levels of 8-OHdG in urine samples 
collected at baseline, in samples collected 2 weeks after MES intake 
the urinary 8-OHdG levels decreased in four of the five participating 
subjects (Figure 1C).

Effects of MES on circulating immune cells

A flow cytometry analysis of PBMCs isolated from blood samples 
collected at baseline and every two weeks revealed that at week four 
after MES administration, the percentage of circulating CD56+ 
NKG2D+ NK cells was significantly higher than at baseline (Figure 2A). 
The percentage of CD3+ T cells, CD19+ B cells and γδ+ T cells remained 
essentially unchanged during the course of the study (Figure 2B). 

Effects of MES on surface immune receptors

A cell surface analysis of selected activator and inhibitory markers 
on NK cells showed that, compared to the baseline levels, a modest but 
significant increase in the expression of the activator receptor NKG2D 
on circulating NK cells was associated with MES intake (Figure 3A). 
Conversely, other NK surface receptors, including NKp46 (Figure 3B), 
CD16 (Figure 3C), DNAM-1 (Figure 3D) and NKG2A (Figure 3E) 
remained essentially unchanged. 

Effects of MES on circulating regulatory T cells 

In a previous study resveratrol, which is one of the components of 
MES, was reported to promote the proliferation of circulating regulatory 
T cells in mice [14]. To determine whether MES modulates Treg cells 
in humans, we determine the proportion of circulating Treg cells at 
baseline and at various time points after two MES administrations. 
Circulating Treg cells were characterized by the expression of CD4 and 
CD25 and the low or lack of expression of CD127 [15]. At week two 
after MES intake, the percentage of circulating Treg increased in all 
five individuals, although this was not a significant increase compared 
with the Treg numbers at baseline; however, at week four after MES 
administration, the percentage of circulating Treg cells was significantly 

Donor #
trans-resveratrol (µg/ml)

week 0         week 2

 Gnetin-C (µg/ml)

week 0   week 2

 Gnetin-C (µg/ml) (monoglucoronide)
week 0   week 2

1 0             0.0254 0        0.267 0         0.0784

2 0             0.0879 0        0.149 0         0.0419

3 0             0.143 0        0.467 0         0.153

4 0             0.172 0        0.197 0         0.0496

5 0             0.0323 0        0.640 0         0.159

Average       0.0621 ± 0.0535   0.344 ± 0.205  0.0964 ± 0.05

Table 1. Stilbene derivatives in the plasma of healthy individuals before and two weeks after MES intake.
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Figure 1: Effects of MSE on plasma oxidative stress parameters. (A) The plasma antioxidant capacity at baseline and two and four weeks after MES consumption administration of MSE. (B) 
Plasma carbonyl protein levels at baseline and at the indicated time (weeks). The reported fold changes in A and B are presented as means ± SD of the values from five individuals measured 
at the indicated time points. (C) Urinary 8-OHdG levels in five individuals at baseline and at week two of the study.

Figure 2: Effects of stilbene derivatives from MSE on circulating immune cells. (A) PBMCs from blood samples of the five individuals collected at baseline (W0) or at the indicated time 
(weeks) and the percentage of CD3−, CD56+ NKG2D+ NK cells (A), CD3+ T cells (B), CD19+ B cells (C) and and γδ+ T cells (D) were assessed by flow cytometry. The figures indicate the 
mean ± SD. In figure A, the summarized data from the five individuals in shown in the left panel and one representative result of one individual is shown in the right panel.
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higher than at baseline. The Treg cell percentages returned to baseline 
levels by week 6 (Figure 4A). 

To gain further insight into the biological effects of MES on 
immune cells, we first tested the in vitro proliferation of Treg cells 
from anti-CD3/CD28 and IL-2/IL-15 stimulated PBMCs derived from 
healthy individuals in the presence of various concentrations of MES. 
Under these culture conditions, the proportion of Treg cells (CD3+, 
CD25+, CD4+, CD127neg/low) expanded from 4% to 32% in medium 
without MES and up to 42% in culture medium containing 1µg/ml of 
MES (Figure4B). 

To elucidate which component of MES was responsible for the 
outgrowth of circulating Treg cells, we next cultured PBMCs in the 
presence of either pure resveratrol (2, 5 and 20 µM) or pure gnetin C 
(2, 5 and 20 µM). As shown in Figure 4C, both resveratrol and gnetin 
C stimulated the proliferation of circulating Treg cells at doses of 2 
and 5 µM. These effects were more apparent in gnetin C-treated cells. 
Notably, both compounds at doses of 20 µM or higher significantly 
impaired the cell viability.

MES inhibits inflammatory cytokine release from immune 
cells

We next examined the expression of key inflammatory cytokines, 
including IFN-γ, TNF-α and GZMB, in the supernatants of PBMCs 
cultured with or without MES. In a dose-dependent manner, MES 
inhibited the spontaneous release of GZMB from cultured PBMCs 
(Figure 5A) and partially inhibited the release of IFN-γ (Figure 5B) 
and TNF-α (Figure 5C) from IL-2 stimulated PBMCs. Notably, MES 

strongly attenuated IFN-γ (Figure 5D), TNF-α (Figure 5E) and GZMB 
(Figure 5F) release from PHA activated PBMCs, indicating that MES 
may have anti-inflammatory potential. Because soluble GZMB is easily 
detectable in human plasma [16,17], and the plasma levels of GZMB 
have been linked to pro-inflammatory conditions [16-19], we next 
assessed the GZMB levels in the plasma samples from the 5 individuals 
participating in this study. At two weeks after MES consumption the 
plasma levels of GZMB were similar to those of the baseline samples; 
however, by four weeks after MES consumption the GZMB levels were 
nearly undetectable. The plasma GZMB levels remained lower than 
baseline values at week six after starting MES consumption, however, 
at week eight and thereafter the GZMB levels returned to the baseline 
levels (Figure 5G).

Discussion
Numerous dietary derived phytochemicals have been reported 

to possess several health promoting properties, including cancer 
chemopreventive potential [9,20]. As a result, many of them are broadly 
consumed as phytonutrients and supplements [21]. In this study, 
we describe the effects of repeated administration of MES in healthy 
individuals, with a particular emphasis on documenting the changes on 
circulating immune cells and on plasma markers of oxidative stress as a 
result of the administration of this compound. MES derived stilbenes, 
at 320 mg given daily for 28 consecutive days, was well tolerated and 
resulted in relevant biological effects that may have health promoting 
potential. 

Reactive oxygen species (ROS), including hydrogen peroxide, 
superoxide anion and singlet oxygen, are highly reactive molecules 

Figure 3: Expression of various receptor proteins on the surface of NK cells before and after MES intake. PBMC of five healthy individuals collected at baseline or at the indicated time 
were analyzed by flow cytometry. The gate was set up for live cells, singlet cells, CD3−, CD56+ lymphocytes, NKG2D+ (A), NKp46+ (B), CD16+ (C), DNAM-1+ (D), NKG2A+ (E).  The 
data represent the mean receptor MFI ± SD.
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Figure 4: Effects of stilbene derivatives from MSE on the proliferation of circulating Treg cells (A) PBMCs from blood samples of the five individuals collected at baseline (W0) or at 
the indicated time (weeks) were analyzed by flow cytometry. The figure indicates the mean Treg cells ± SD. (B) PBMCs derived from three healthy individuals were cultured for 4 days in 
complete medium supplemented with IL-15 and anti CD3/CD28 beads and with the indicated concentrations of MES. The cells were harvested and the percentage of circulating Treg cells 
was assessed by flow cytometry. The summarized data from the five individuals in shown in the left panel and one representative result of one individual is shown in the right panel. (C) 
PBMCs from three healthy individuals were cultured for 4 days in the presence of the indicated concentrations of MES, pure Gnetin C or pure trans-resveratrol. The percentage of circulating 
Treg cells was assessed by flow cytometry. One representative result of three independent experiments is shown. 
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that are continually produced during normal mitochondrial oxidative 
metabolism as well as in cellular response to exogenous insults, such 
as inflammation and microbial invasion [22,23]. Oxidative stress, 
which results from the imbalance of excess ROS production over the 
capability of the cells to mount an effective antioxidant response, 
has been implicated in the damage to macromolecules including 
DNA, lipids and proteins [22]. Oxidative stress has been proposed 
as one of the underlying molecular mechanisms of aging [24]. 
Many studies have shown that ROS play an important role in the 
development and progression of many human disorders, including 
atherosclerosis, inflammation, diabetes and cancer [22,23,25]. Our 
finding that MES enhanced the antioxidant capacity of the plasma in 
all the individuals participating in this study suggests that MES may 
contribute to preventing or ameliorating disorders associated with 
oxidative stress. In addition, our findings that MES intake decreased 
the carbonyl proteins levels in the plasma may support this assumption 
since protein carbonyl levels are the most frequently used biomarker 
of protein oxidation and their accumulation has been directly linked 
to an increased risk of cancer [26]. In fact, increased levels of protein 
carbonyl groups have been reported in samples derived from patients 
with several cancers, including bladder cancer [27], breast cancer 
[28], and Hodgkin’s lymphoma [29]. Furthermore, in this study the 

 

Figure 5: Effects of MES on inflammatory cytokine release from immune cells. PBMCs from three healthy individuals were cultured for 48 hours in the presence of the indicated 
concentrations of MES. The levels of GZMB (A), IFN-γ (B) and TNF-α (C) in the culture supernatants were assessed by an ELISA assay. The data represent the mean analyte concentration 
± SD.  PBMCs isolated from three healthy individuals were stimulated with PHA for 24 hours and then cultured for other 48 hoursin the presence of the indicated concentrations of MES. 
The levels of GZMB (D), IFN-γ (E) and TNF-α (F) in the culture supernatants were assessed by an ELISA. The data represent the mean analyte concentration ± SD. (G) Plasma levels of 
GZMB as assessed by an ELISA, in samples from five individuals collected at baseline or at the indicated time. The data represent the mean GZMB concentration ± SD.

plasma levels of 8-OHdG decreased as a result of the consumption of 
MES. 8-OHdG, which is an oxidized derivative of deoxyguanosine, 
constitutes one of the major products of DNA oxidation. High levels of 
8-OHdG have been causally associated with the risk of several cancers 
[13,30]. Therefore, our findings that MES decrease the circulating levels 
of 8-OHdG and carbonylated plasma proteins can be interpreted as a 
potential mechanism by which this mixture of stilbenoids may exert 
cancer chemopreventive effects in humans. Further studies should 
establish whether MES, when given for periods exceeding 28 days, 
can persistently decrease the plasma levels of 8-OHdG and carbonyl 
proteins. In addition, testing these effects in individuals with increased 
levels of carbonylated proteins, such as heavy smokers or individuals 
with metabolic syndrome, will provide important information. 

The concept of immunosurveillance to tumors implies that 
malignant cells arise continuously in the body and that immune 
cells seek out and eradicate these transformed cells before they are 
clinically manifested [31]. In this regard NK cells, which are effector 
lymphocytes of the innate immune system capable of spontaneously 
killing targets cells without prior recognition [32], have been suggested 
to play a crucial role in immunosurveillance. The role of NK cells in 
tumor surveillance is supported by epidemiological and correlation 
studies. For instance, a high NK cell-mediated cytotoxicity correlates 
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with a decreased risk for cancer[33] and a high number of tumor-
infiltrating NK cells has been associated with a better prognosis in 
cancer [34]. Furthermore, circulating NK cells express NKG2D, which 
is a stimulatory receptor whose role in tumor surveillance has been 
convincingly documented [35]. NKG2D recognizes and facilitate the 
killing of target cells expressing stress-induced specific ligands that 
are poorly expressed by normal cells but are frequently upregulated 
in transforming cells [10,36]. In this study, we found that MES 
consistently enhanced the expression of NKG2D receptor in circulating 
NK cells. In previous studies, culturing human NK cells in the presence 
of trans-resveratrol, which is one of the components of MES, was 
reported to upregulate NKG2D [10]. The present study provides in 
vivo evidence that confirms those previous reports and substantiates 
the immunomodulatory potential of MES in humans. According to 
these insights, we speculate that the findings of this study suggest that 
MES may have chemopreventive potential.

Our finding that MES intake is associated with a significant decrease 
in the plasma levels of GZMB is consistent with the notion that MES 
possess anti-inflammatory properties. GZMB has been largely associated 
with an intrinsic pro-apoptotic function since this protease, together 
with perforin, is the main constituent of cytoplasmic granules found in 
cytotoxic T lymphocytes (CTLs) and NK cells [37]. GZMB release from 
cytotoxic granules constitutes one of the main mechanisms by which 
these immune cells eliminate target cells [37]; however, in recent years, 
a non-cytotoxic or extracellular role of GZMB has emerged since the 
expression of this protease has been reported in nonimmune cells, such 
as smooth muscle cells, keratinocytes, and chondrocytes [38]. Because 
circulating GZMB remains entirely functional and elevated levels of 
circulating extracellular GZMB have been reported in association with 
various inflammatory conditions [16-18,39], it has been proposed that 
extracellular GZMB is an important contributor in the pathogenesis of 
certain chronic inflammatory diseases, reviewed by [37,38]. 

Regulatory T cells comprise a population of suppressor T cells 
that modulate tolerance to self-antigens and maintain immune 
homeostasis [40,41]. Although the characteristic surface markers of 
human Tregs remain under discussion, phenotypically they have been 
defined to be CD3+, CD4+ CD25, and CD127low/neg T cells [38]. At the 
transcriptional level, Treg cells are known to express the forkhead and 
winged-helix family of transcription factors protein, forkhead box P3 
(FOXP3) [38]. Treg cells have been implicated in the pathogenesis of 
several autoimmune diseases in which a disturbed balance between 
pro-inflammatory and Treg cells leads to the breakdown of self-
tolerance. A reduced number of circulating CD4+ CD25hi T cells has 
been reported in patients with several autoimmune diseases, including 
juvenile idiopathic arthritis, autoimmune liver disease, systemic lupus 
erythematosus and others [42]. Our findings that MES promotes the 
proliferation of Treg cells in vitro and that MES consumption correlated 
with an increased percentage of circulating Treg cells suggest that this 
compound may have therapeutic potential in certain autoimmune 
diseases. Although highly promising, it is unknown if the effects of MES 
in healthy individuals can be extrapolated to patients with autoimmune 
diseases since it has been documented that the reduced number of Treg 
cells in patients with autoimmune diseases is caused by the impaired 
proliferation of circulating CD4+ CD25hi T cells [41]. Therefore, it is 
unknown whether a putative Treg cell promoting effect of stilbene 
derivatives from MES is able to overcome such a defective proliferation 
of Treg cells in those disorders.

There are some limitations associated with this study. The study 
included a small number of subjects and lacked a control or placebo 

group. Furthermore, it is difficult to determine whether the biological 
effects observed were exerted by resveratrol, gnetin C, their metabolites, 
or by other components of MES or the combination thereof. Similar 
clinical studies have been previously performed to investigate the 
chemopreventive potential of other phytochemicals and it has been 
shown that such an exploratory approach can provide valid results not 
only to substantiate the biological relevance of phytochemicals, but also 
to reveal clues for designing larger clinical trials [43,44]. In addition, 
our in vitro studies, which confirm the biological effects of MES on 
immune cells, further substantiate the relevance of the findings herein 
reported. Future studies with a greater accumulation of participants and 
longer exposure to MES are necessary to confirm these observations 
and elucidate the mechanisms involved. 
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