
Am J Clin Exp Immunol 2020;9(5):81-90
www.ajcei.us /ISSN:2164-7712/AJCEI0120389

Original Article
Resveratrol attenuates stimulated T-cell activation and 
proliferation: potential therapy against cellular  
rejection in organ transplantation

Jimmy JH Kang1, Sabin J Bozso2, Dana E Boe1, David P Al-Adra3, Michael C Moon2, Darren H Freed2, Jayan 
Nagendran2, Jeevan Nagendran2

1Faculty of Medicine and Dentistry, University of Alberta, Edmonton, AB, Canada; 2Department of Surgery, Division 
of Cardiac Surgery, University of Alberta, Edmonton, AB, Canada; 3Department of Surgery, Division of Transplanta-
tion, University of Wisconsin School of Medicine and Public Health, Madison, WI, USA

Received August 15, 2020; Accepted November 18, 2020; Epub December 15, 2020; Published December 30, 
2020

Abstract: Background: Pharmaceuticals to inhibit mammalian target of rapamycin (mTOR) protein, which plays an 
integral role in T cell survival and function, have been used to prevent complications associated with organ trans-
plantation. Although studies have individually shown that resveratrol can inhibit mTOR and that inhibiting mTOR 
leads to attenuated immune function, no studies to date have examined these two functions conjointly under one 
study. Therefore, we hypothesize that resveratrol will decrease mTOR activation and expression as well as attenuate 
stimulated T cell activation and proliferation in peripheral blood mononuclear cells (PBMC). Methods and Materials: 
Human PBMC were isolated and cultured. The cells were pre-treated with resveratrol (50 μM) overnight (18 hrs) 
before stimulation. The cells were collected for subsequent biochemical analysis after 1, 3, and 5 days. Additionally, 
the cells were stained with proliferation dye and cultured for 24 hours in PMA/Ionomycin with resveratrol for flow 
cytometry analysis. Results: Resveratrol treated stimulated PBMCs displayed a significant decrease in activated 
phosphorylation of mTOR at days 1, 3, and 5 (P < 0.0329). Markers of T cell activation, tumour necrosis factor-
alpha (TNF-α) and interferon-gamma (INF-γ), were also significantly reduced along with T cell proliferation following 
stimulated PBMC resveratrol treatment when compared to vehicle-treated controls (P < 0.01). Conclusion: Taken 
together, our data suggest that resveratrol can decrease the immune response of stimulated T-cells and inhibit the 
expression and activation of mTOR mediated cellular signalling under the same study setting. Therefore, resveratrol 
proposes a possible adjunctive therapy option for patients undergoing organ transplantation.
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Introduction

Organ transplantation in the last 50 years has 
undergone major improvements. However, they 
are still met with a major challenge of effective-
ly preventing post-transplant malignancies as- 
sociated with long term immunosuppressive 
therapy. The literature provides ample evidence 
of a 2 to 4-fold increase in the occurrence of 
malignancy in transplant recipients when com-
pared to the general population [1-9]. Thus, 
mammalian target of rapamycin (mTOR) inhibi-
tors such as sirolimus and everolimus that have 
both the immunosuppressive and anticarcino-
genic properties have been developed. How- 
ever, these drugs have been associated with 

adverse side effects such as leukopenia, thro- 
mbocytopenia, anemia, hypercholesterolemia, 
hypertriglyceridemia [10, 11] and increased 
mortality in kidney transplant patients [12]. 
These side effects led to the search for alterna-
tive modes of mTOR inhibition. 

mTOR was discovered to play an integral role in 
cancer cell survival and immune regulation as it 
acts as a major convergence point for the regu-
lation of anabolic activity. Several studies have 
shown that mTOR regulates immune cell sur-
vival, proliferation, activation, and differentia-
tion [13, 14]. Inhibition of mTOR also induces 
autophagy making it a viable anticancer drug 
target [15]. Specifically pertaining to organ 
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transplants, inhibition of mTOR was found to 
preferentially induce CD8+ cells to become 
memory cells which can fight off infection while 
preventing graft rejection [13]. One of the pro-
posed adjuvant therapies to mTOR inhibitors  
is resveratrol (3,4’,5-trihydroxy-trans-stilbene), 
found in grape skins, peanuts, and red wine. 
Resveratrol is a naturally occurring polyphenol 
with a comparably minute side effect profile to 
other immunosuppressants and has been 
recently shown to directly inhibit the activity of 
mTOR via competitive inhibition at the adenos-
ine triphosphate (ATP) binding site [15]. Alth- 
ough it has been shown that resveratrol can 
inhibit mTOR, and that inhibition of mTOR leads 
to enervated immune function, these results 
have been reported as discrete outcomes. To 
date, no study has examined these two func-
tions in tandem with one another. Therefore, we 
aim to measure resveratrol’s effects on both 
the mTOR protein and the T cells. We hypothe-
size that resveratrol will decrease mTOR activa-
tion and expression as well as attenuate stimu-
lated T cell activation and proliferation in 
peripheral blood mononuclear cells (PBMC).

Materials and methods

Resveratrol

Resveratrol (3,4’,5-Trihydroxy-trans-stilbene - 
Sigma Chemical Co., St Louis Mo.) was sus-
pended in ethanol at a concentration of 1 mM 
and stored at 4°C for further use.

PBMC isolation and culture

PBMCs were isolated from whole blood of 4 
healthy donors. All participants provided con-
sented for the collection of samples and infor-
mation. The research protocol was approved by 
local Research Ethics Board. The PBMCs were 
counted using Trypan Blue exclusion dye and 
resuspended in an appropriate amount of 
“Complete Medium” comprised of RPMI 1640 
medium containing 10% human serum, 2 mM 
L-glutamine, 50 IU penicillin/ml, and 50 ml 
streptomycin/ml (Thermo Fisher Scientific, 
California) to create a solution containing 1 × 
106 cells/ml. PBMCs were stimulated and treat-
ed with either 50 μM/ml of working solution of 
resveratrol suspended in ethanol or in 50 μM/
ml of ethanol alone to create the resveratrol 
treated and vehicle treated PBMC groups, 
respectively. 1 ml of the solution containing 

PBMC and 1 ml of the complete medium were 
aliquoted into Corning™ 12-well cell culturing 
plate (Fisher Scientific, California). Both groups 
were left in the 37°C 5% CO2 incubator for 
either 1, 3 or 5 days. 

PBMC stimulation

For Western blot and flow cytometry, PBMCs 
were stimulated with Phorbol Myristate Acetate 
(PMA) at a concentration of 50 ng/mL and 
Ionomycin at a concentration of 1 μg/mL (eBio-
science, California) in RPMI 1640 Complete 
Medium. Both groups were cultured in a 37°C 
5% CO2 incubator for 24 hours. The cells were 
centrifuged at 1200 g at 4°C for 10 minutes, 
washed with phosphate buffered saline (PBS) 
and centrifuged again. The pellet was resus-
pended in RPMI 1640 Complete Medium and 
split into a vehicle and resveratrol treated group 
for Western blot and flow cytometry. Following 
the appropriate culture times (1, 3 or 5 days), 
the cells centrifuged, and the pellets were 
stored at -80°C for protein analysis using the 
Western blot technique. The unstimulated cells 
underwent the same protocol and the superna-
tant containing the cytokines were stored at 
-80°C for ELISA analysis. 

Proliferation assay

PBMCs were isolated as described above at a 
concentration of 1 × 106 cells/ml and incubat-
ed in the 0.5 μM Cell Trace Violet stain solution 
for 20 min. Unbound dye was absorbed by the 
addition of 5 times the volume of RPMI 1640 
and incubated for 5 min. Cells were centrifuged 
and resuspended in the Complete Medium. 
Aliquots of stained cells were then distributed 
as outlined below. After 5-days of culture, cells 
were stained with fluorescent antibodies ag- 
ainst CD3+, CD4+, and CD8+. Analysis of prolif-
eration was performed on a single representa-
tive sample using flow cytometry with a 405 nm 
excitation and a 450/40 bandpass emission 
filter. PerCP-Cy5.5 was used as a live/dead fix-
able red stain. Proliferation was identified by a 
reduction in CellTrace Violet signal intensity, 
with each peak representing a duplication in 
cell number. 

Protein analysis

Cells from each group that were extracted after 
1, 3, and 5 days of incubation at 37°C in a 5% 
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CO2 incubator underwent Western blot analysis 
for p-mTOR and mTOR. Pellets were resuspend-
ed in 30 uL RIPA lysis buffer with sodium 
orthovanadate (10 uL/mL), protease inhibitor 
(15 uL/mL), PMSF (10 uL/mL), and phospha-
tase inhibitor (10 uL/mL). Protein concentra-
tion was determined using the Bradford assay 
(Bio-Rad Laboratories, California). Samples 
were adjusted to 35 μg total protein with 
Laemmli 6X reducing sample buffer, then heat-
ed for 5 minutes at 95°C. The samples were 
loaded onto a Mini-PROTEAN TGX Precast Gel, 
4-15% gradient for SDS-PAGE; then transferred 
to PVDF membranes at 4°C for 12 hours using 
a Tris-glycine refrigerated transfer buffer with 
8% methanol (Bio-Rad Laboratories, California). 
Blots were blocked with 5% BSA in TBS-T (10 
mM Tris, 150 mM NaCl, pH 8.0, 0.5% Tween 
20) for 2 hours, incubated overnight with the 
appropriate primary antibody at 4°C, thorough-
ly washed with TBS-T, and subsequently incu-
bated for 90 minutes in the appropriate peroxi-
dase-conjugated secondary antibodies. The 
following dilutions and antibodies were used: 
1:1000 dilution of rabbit p-mTOR (Ser. 2448 
Cat. No. 2971), mTOR (Cat. No. 2972) Ab, (Cell 
Signaling Technology, Danvers, MA). 1:2000 
dilution of HRP linked anti-rabbit antibody (Cat. 
No. 7074) was used as the secondary antibody 
(Cell Signaling Technology, Danvers, MA). De- 
tection was performed using the ECL detection 
system (Carestream Health, Rochester, NY). 
Luminescence was visualized by autoradiogra-
phy. The intensities of the bands were evaluat-
ed by densitometric scanning using a Personal 
Densitometer SI with Image J software (Labo- 
ratory for Optical and Computational Instru- 
mentation, University of Wisconsin). 

Quantification of cytokines

The supernatant containing cytokines that 
were stored in -80°C freezer was thawed and 
underwent enzyme-linked immunosorbent as- 
say (ELISA) analysis according to the manufac-
turer’s recommended protocol for human tumor 
necrosis factor-α (TNF-α) DuoSet ELISA Kit 
(Cat. No. DY210-05) and Human interferon 
gamma (INF-γ) DuoSet ELISA kit (Cat. No. 
DY285B-05) (R&D Systems, Minneapolis). 
Absorbance reading at 450 nm and 540 nm 
were performed using Synergy H4 hybrid read-
er (Biotek, Winooski, Vermont).

Statistical analysis

All data are expressed as mean ± standard 
deviations. Differences among groups were 
assessed using one-way analysis of variance 
(ANOVA) followed by Fisher’s least significant 
difference posthoc test, and statistical signifi-
cance was taken at P < 0.05. Prism 8 GraphPad 
(SanDiego, CA, USA) was used for statistical 
analysis.

Results

Resveratrol treatment of stimulated PBMC 
cells leads to inhibition of mTOR expression 
and activation

The latest evidence on resveratrol’s inhibition 
of mTOR revealed a direct inhibitory mecha-
nism on mTOR via ATP competition [15]. Thus, 
we intended to identify the effects of 50 μM/ml 
of resveratrol on the PBMC cells’ mTOR expres-
sion and phosphorylation in a time-dependent 
manner. PMA and Ionomycin stimulated PBMC 
cells from the resveratrol and vehicle-treated 
groups were extracted after 1, 3, and 5 days of 
incubation and analyzed for mTOR expression 
and activation using western blot. There was an 
overall qualitative decrease in the expression 
of stimulated phosphorylated mTOR in the res-
veratrol treated group versus vehicle-treated 
group at days 1, 3, and 5 (Figure 1). Additio- 
nally, densitometry analysis of phosphorylated 
mTOR/total mTOR levels was examined for the 
quantitative analysis of mTOR expression. We 
observed a statistically significant reduction in 
the phosphorylation of mTOR for resveratrol 
treated group versus vehicle-treated group at 
day 1 (0.946 ± 0.041 vs 0.513 ± 0.172, P = 
0.0027) (Figure 1A), day 3 (0.744 ± 0.150 vs 
0.370 ± 0.150, P = 0.0124) (Figure 1B), and 
day 5 (0.491 ± 0.182 vs 0.230 ± 0.053, P = 
0.0329) (Figure 1C). Complete western blot 
and densitometric analysis can be found in 
Supplementary Figure 1. Taken together, these 
results suggest that resveratrol directly attenu-
ates the expression and activation of mTOR 
proteins that contribute to T cell differentiation, 
activation, and function [13, 16-21].

Resveratrol mediated inhibition of mTOR is 
associated with decreased cytokine production 
in stimulated PBMC

Previous studies on resveratrol’s role in human 
immune cell function have demonstrated sup-
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pression of cytokines such as INF-γ, IL2, IL4 
from CD4+ and CD8+ T cells as well as cytotoxic 
lymphocytes and natural killer cells in vitro at 
high concentrations [22]. With the inhibition of 
mTOR proteins contributing to altered T cell  
differentiation, activation, and function [13, 
16-20], we hypothesized that the downstream 
effect of mTOR inhibition would result in de- 
creased cytokines produced by T lymphocytes. 
In unstimulated PBMC groups, tumour necrosis 
factor-α (TNF-α) levels (Figure 2A) were compa-
rable between resveratrol treated and vehicle-

treated control groups (35.85 ± 0.62 versus 
43.79 ± 0.86 arbitrary fluorescence units). 
Interferon-gamma (INF-γ) levels (Figure 2B) 
were also comparable between resveratrol 
treated and vehicle-treated control groups 
(7.79 ± 0.09 versus 11.74 ± 2.58 arbitrary flu- 
orescence units). However, when PBMCs were 
stimulated, resveratrol treated cells displayed  
a significant decrease in TNF-α (Figure 2A) 
when compared to vehicle controls (167.24 ± 
2.32 versus 439.68 ± 9.62 arbitrary fluores-
cence units, P < 0.001). Similarly, INF-γ levels 

Figure 1. Representative western blot for phosphorylated mTOR and total mTOR protein and densitometric com-
parison of the phosphorylated mTOR/total mTOR ratio (n = 4) for (A) VD1 (Vehicle Day 1) and RD1 (Resveratrol Day 
1), (B) VD3 (Vehicle Day 3) and RD3 (Resveratrol Day 3), (C) VD5 (Vehicle Day 5) and RD5 (Resveratrol Day 5). *P 
< 0.02 versus control.

Figure 2. Effects of resveratrol on (A) TNF-α and (B) INF-γ cytokine expression under unstimulated and stimulated 
conditions. Data are expressed as means ± SD. *P < 0.001 versus control vehicle group.
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(Figure 2B) in stimulated PBMCs showed a sig-
nificant decrease in the resveratrol treated 
group when compared to vehicle controls 
(127.46 ± 2.90 versus 336.14 ± 4.18 arbitrary 
fluorescence units, P < 0.001). Taken together, 
our data suggest that resveratrol can blunt 
both the T cell activation and cytokine produc-
tion ostensibly through inhibition of the mTOR 
protein pathway.

Resveratrol mediated inhibition of mTOR is ac-
companied by decreased T cell proliferation

mTOR1-mTOR2 (mTOR complex 1 - mTOR com-
plex 2) have been shown to be key regulators in 
controlling the anabolic processes necessary 
for the activation and the effector functions of 
immune cells including protein synthesis, cell 
growth, morphology change, and proliferation 
(3,4). Following this, we examined if resveratrol 
could suppress the CD3+CD4+ T-lymphocyte 
and CD3+CD8+ T lymphocyte proliferation un- 
der flow cytometry. Resveratrol treated T cell 
proliferation assay showed significantly re- 
duced CD4+ and CD8+ T-lymphocyte prolifera-
tion (Figure 3B) when compared to the vehicle-
treated T lymphocyte proliferation assay (Fi- 
gure 3A) where it displayed increased prolifera-
tion of T lymphocytes indicated by peaks with 
fold fractional decrease corresponding to each 
proliferation of T cells (Figure 3Ae, 3Af). Taken 
together, our data suggest that resveratrol can 
reduce the CD4+ and CD8+ T lymphocyte prolif-
eration under stimulation.

Discussion

The activation of the innate immune system is 
both metabolically demanding and highly ana-
bolic in nature. Myeloid and lymphoid cells  
contain mTORC1-mTORC2 to control the ana-
bolic processes necessary for their activation 
and effector functions, including protein syn-
thesis, cell growth, morphology change, and 
proliferation [14, 23]. Thus, our group postu-
lates that the inhibition of mTOR results in the 
vitiation of immune cell metabolism, and nec-
essarily immune cell function. Recently Park et 
al. have demonstrated that resveratrol can 
directly inhibit the activity of mTOR proteins via 
docking onto the mTOR ATP binding pocket, 
negating the need for inhibition of upstream 
regulators. Their research proposed that the 
benefits of resveratrol induced mTOR inhibition 
is derived from the mTOR-dependent autopha-

gy induction and reduction of cancer cell viabil-
ity [15]. This study was pivotal as it provided 
new evidence on the direct molecular targets of 
resveratrol, whereas previous studies have 
relied primarily on the involvement of upstream 
regulators such as Sirtuin 1 (SIRT1) (NAD+-
dependent deacetylase) [24-28], AMP-acti- 
vated Kinase (AMPK) [29-34], phosphodiester-
ase (PDE) [35], Phosphoinositide 3-kinase 
(PI3K) [23], and DEP domain-containing mTOR-
interacting protein (DEPTOR) [36] as the mech-
anism behind mTOR inhibition. Notwithstanding 
this previous research, the exact mechanism 
and molecular targets of resveratrol remain 
complex and incompletely elucidated.

Our purpose was to investigate resveratrol’s 
ability to inhibit the expression and activation 
of mTOR and its ability to attenuate the activa-
tion and proliferation of T lymphocytes in tan-
dem. Using stimulated PBMCs isolated from 
human whole blood, our results demonstrate 
both a qualitative decrease in the mTOR protein 
expression as well as a significant reduction in 
the mTOR phosphorylation under densitometry 
analysis. TNF-α and INF-γ cytokine production 
and T cell proliferation are also significantly 
decreased with resveratrol treatment when 
compared to vehicle-treated controls. This data 
endorses resveratrol’s ability to further en- 
hance the immunosuppressive and anticar-
cinogenic effects of conventional mTOR inhibi-
tors. Several previous studies have examined 
resveratrol’s effect on the mTOR pathway using 
glioma and various cancer cells [22-25] and 
others have independently examined the hu- 
man immune response to resveratrol using T 
cells and Sirt1 protein [26]. However, to date 
our study is the first to examine both resvera-
trol’s effect on mTOR inhibition in addition to 
the downstream immune response of human 
PBMC cells to the polyphenol, initiating consoli-
dation of the link between the two processes. 

Our results showing a simultaneous decrease 
in the expression and activation of mTOR with 
resveratrol after 5 days (Figure 1C) should be 
noted, as this result runs contrary to the eff- 
ects of traditional mTOR1 inhibitors such as 
sirolimus. Sirolimus’ incomplete suppressive 
effect on mTOR1 has been paradoxically met 
with an abrogation of the feedback inhibition 
resulting in the activation of protein kinase B 
(AKT) within 72 hours, which lies upstream to 
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Figure 3. CD3+CD4+ and CD3+CD8+ T-lymphocyte proliferation analysis under flow cytometry after 3 days of incubation of (A) vehicle treated control and (B) resve-
ratrol treated samples.
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mTOR1 and potentiates its activation [41]. 
Additionally, AKT inhibition appears to be sub-
strate dependant and does not globally inhibit 
the effects of mTORC1 and has negligible effi-
cacy for inhibiting the action of mTORC2 [14]. 
Consequently, sirolimus has produced undistin-
guished therapeutic outcomes, and a new gen-
eration of more specific mTOR inhibitors have 
begun to enter clinical trials [42]. Herein resve-
ratrol shows promise as one of these adjuvant 
therapies to inhibit both mTOR directly and its 
dependent signalling axes, as our results have 
shown it to continually decrease mTOR expres-
sion after 5 days without interfering in the AKT 
feedback loop. 

Over the past decade, comprehensive studies 
of the interplay between the mTOR protein 
pathway and T cell activation have been con-
ducted and they firmly establish a complex role 
of mTOR contributing to T cell differentiation, 
activation, and function [13, 16-20]. mTOR is 
activated when naïve CD4+ and CD8+ T cells 
undergo antigen recognition and this is believed 
to program their differentiation into distinct lin-
eages, specifically into Th1, Th2, Th17, iTreg 
[17]. Hitherto it was shown that mTOR deficient 
CD4+ T cells under stimulatory conditions could 
not differentiate into Th1, Th17, or Th2 effector 
cells although the T-cell receptors were intact 
[43]. Additionally, mTORC1 inhibition in macro-
phages leads to increased autophagy, and a 
decrease in inflammatory cytokine production 
[14, 27]. This intrinsic relationship between 
mTOR and T cell demonstrated in the literature 
reinforce resveratrol’s inhibition of mTOR func-
tionality as playing an integral role in the 
decreased T cell differentiation and TNF-α and 
INF-γ cytokine production.

Reduced TNF-α and INF-γ proinflammatory 
cytokine production in our stimulated resvera-
trol treated group (Figure 2A, 2B) show similar 
results to studies examining the attenuation of 
immune activation using resveratrol treatment. 
However, these studies have focused on resve-
ratrol’s effects on upstream regulators and 
pathways as opposed to its unmediated effect 
on mTOR. Zou et al. have discovered that 
expression and activation of Sirt1 protein 
enhance resveratrol’s inhibition of CD4+ activa-
tion [26], and Falchetti et al. have implied that 
their findings of decreased IL2, INF-γ, IL4 cyto-
kines by CD4, CD8 cells were mediated by res-

veratrol’s effects on the NF-kB pathway, which 
controls the expression of many cytokines in 
the immune response [21]. Our results of 
decreased TNF-α and INF-γ cytokine produc- 
tion and reduced T cell proliferation corrobo-
rate this prior research regarding the attenuat-
ing effect of resveratrol on human cellular 
immunity.

Regulatory T cells have been suggested to have 
an advantage during mTOR inhibition [44, 45]. 
This is congruent with the theory that mTOR 
modulates immune function via metabolic reg-
ulation as regulatory T cells have significantly 
lower metabolic demand. Regulatory T cells 
inhibit cytokine production and T cell prolifera-
tion, leading to an overall suppression of the 
adaptive immune response [13]. However, it 
appears that both mTORC1 and mTORC2 need 
to be inhibited to generate this response [46], 
making an inhibitor of the mTOR ATP binding 
site found in both mTORC1 and mTORC2 ess- 
ential. Therefore, resveratrol’s inhibition of both 
complexes may be a valuable way to suppress 
the adaptive immune response in select pa- 
tients requiring tolerable long-term immunoth- 
erapy.

This study is not without limitations. The dose 
of resveratrol used for the study was based on 
a dose-dependent study of resveratrol on TH17 
cell response that has shown significantly 
decreased mTOR activation at 50 μM/ml vs 25 
μM/ml [47]. However, the experimental dose is 
recorded to be higher than the realistic dose of 
resveratrol and appropriate clinical dosage of 
resveratrol is yet to be elucidated. Further dose 
dependent studies of resveratrol on T cells and 
mTOR should be conducted to translate the 
experimental dosage to clinical use. The experi-
mental corroboration of a causative relation-
ship between mTOR and T cell activation was 
out of the scope of this initial study but has 
been previously reported in the literature. 
Selective deletion of mTOR proteins and mea-
surement of the resulting differential T cell 
response in animal models is be a future enter-
prise to better understand and strengthen this 
proposed causal relationship. Furthermore, 
measuring various T cell differentiation using 
different T helper cells may help identify the 
specific differentiation pathways that are 
affected by resveratrol. Lastly, analyzing other 
cytokines such as IL2 and IL4 that are impact-
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ed by PMA ionomycin stimulation would build a 
more complete picture as to the proinflamma-
tory cytokines expression affected by resv- 
eratrol.

In summary, our study demonstrates that res-
veratrol significantly inhibits the mTOR protein 
expression and activation, significantly redu- 
ces the production of proinflammatory cyto-
kines TNF-α and INF-γ, and inhibits the proli- 
feration of stimulated T-cells. This study further 
establishes resveratrol’s numerous inhibitory 
effects on T-cell immune response through 
mTOR, likely through a direct inhibition of the 
mTOR protein. These results, taken with resve-
ratrol’s minimal side-effect profile, strongly 
endorse its potential to serve as a novel combi-
nation therapy for solid organ transplantation 
in the future.
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Supplementary Figure 1. Representative western blot of phosphorylated mTOR and total mTOR and β-tubulin for 
vehicle and resveratrol treated PBMC at Days 1, 3, and 5 (A). Grayscale analysis of p-mTor (B) and mTor (C).


