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Abstract

Scope—Stress is a known contributor to various forms of disease in humans and animals,
although mechanisms are still unknown. In animals, psychosocial stress-induced depression/
anxiety phenotypes are coincidental with increased inflammation in both brain and blood. The
authors recently showed that a novel treatment with a select bioactive polyphenol preparation
promotes resilience to stress-mediated depression/anxiety phenotypes mice. Moreover, selective
bioactive phenolic compounds within the polyphenol preparation are identified that are effective in
mitigating the behavioral effects of bone marrow transplantation from stressed mice.

Methods and results—Here, an animal model of adult stress and bone marrow transplantation
is used to identify an epigenetic signature of repeated social defeat stress (RSDS) that is passed
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through bone marrow hematopoietic progenitor cells to naive mice, revealing the maintenance of
epigenetic memory following stress both centrally and peripherally. Further, polyphenols are
administered to naive and stress-susceptible mice, demonstrating that polyphenol treatment in
mice from both susceptible and naive donors alters global DNA methylation in the central nervous
system and periphery and likewise has an effect on human blood cells after immune challenge.

Conclusions—Findings highlight the enduring molecular memory of stress and the possible
mechanism by which select bioactive polyphenols may promote resiliency to stress. Polyphenols
may be an efficacious alternative to traditional pharmacological treatments in psychiatry.
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1. Introduction

Stress during an individual’s lifespan is a known contributor to both physical and mental
illness. Although the maladaptive effects of life stress on mental health are generally thought
to be caused by malfunctioning of neural processes, there is evidence that the immune
system plays a crucial role, which emphasizes the importance of untangling the complex
relationship between the brain and immunity. Immune activation resulting from stress
renders an individual more susceptible to disease, including psychiatric disorders.[X] This
occurs through release of cytokines that mediate inflammatory and anti-inflammatory
processes in times of immune activation. Not only are cytokines abundant in the periphery,
but both cytokines and their receptors are present in the central nervous system (CNS) and
exert effects on monoaminergic neurotransmission and neuronal signaling.[*:2] The manner
in which peripheral cytokines reach the CNS is still being investigated, but rodent studies
have recapitulated the effects of immune activation on brain function and behavior.[34]

There have been great interests in dissecting the potential interactions between
environmental stress and depression/anxiety phenotypes. A recent line of preclinical studies
has focused on understanding how a select environmental stress, namely repeated social
defeat stress (RSDS), may induce the development of depression/anxiety phenotypes in
mouse or rat models. This experimental paradigm involves subjecting mice (or rats) to
repeated bouts of social defeat by larger and more aggressive mice (or rats), which results in
the development of a clear depression-like syndrome characterized by enduring deficits in
social interactions.[>6] Notably, RSDS induces depression phenotypes in some but not all of
the animals, and animals are characterized as stress-resilient or stress-susceptible depending
on the presence or absence of a depressive-like behavioral phenotype following RSDS.[6-9]
In addition to differences in behavioral phenotypes, susceptible and resilient mice are also
distinct by different immune phenotypes, with susceptible mice displaying elevated
inflammatory cytokines, notably IL-6, which mirrored levels in human patients with
treatment-resistant depression.[8] Interestingly, transmission of stress-susceptible phenotypes
could be modulated through hematopoietic progenitor cells because transplantation of bone
marrows (BM) from susceptible mice (mice that developed depression/anxiety phenotypes
following RSDS) into stress-naive mice promotes susceptibility of naive mice to develop
RSDS-mediated depression/anxiety phenotypes which demonstrates.[8] However, there is
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little information on how social stress may mechanistically modulate immune activation and
depression phenotypes over short and long terms.

One way by which stress and immune activation may alter downstream neural processes and
behavior is through epigenetic mechanisms. Epigenetics refers to changes to the DNA
structure in chromatins that do not alter the sequence of nucleotide bases. These chemical
modifications can alter gene expression patterns and therefore resulting protein expression
and behavior. While a multitude of epigenetic modifications exist, DNA methylation is one
of the most thoroughly studied and is characterized by the addition of a methyl group to a
cytosine nucleotide, which changes chromatin structure but not its base pairing property.
DNA methylation represses gene expression via physical blocking of transcription factors or
by recruiting transcriptional repressor proteins, although in some cases DNA methylation
may activate transcription.[1%] DNA methylation can be catalyzed or reversed by
environmental factors and persist long after the initial insult, producing stable changes in
gene expression during both development and adulthood.[11]

Importantly, stressful experiences can alter DNA methylation patterns in humans and
animals, both globally and at gene loci important for brain plasticity and emotion.[12.13]
These methylation patterns can affect expression of genes involved in the crosstalk between
inflammatory pathways and neural activity, ultimately conferring vulnerability to
psychopathology, including depression and anxiety.[2:14] For example, in humans, DNA
methylation of FKBP5, which codes for a gene important in hypothalamic—pituitary—adrenal
axis activity, was decreased in subjects that experienced childhood trauma, and these
subjects likewise had decreased sensitivity of peripheral immune cells to immune challenge
in vitro.[*3] In another study, Uddin and colleagues found evidence of downstream
alterations in immune function following trauma in patients with posttraumatic stress
disorder, which they suggest is a result of altered methylation patterns in immune-related
genes.[16]

With the known interplay of stress, epigenetics, and immunity, there are now more avenues
for possible treatments for stress-related disorders that lie outside of traditional psychiatric
medications (most of which do not target inflammation). Plant-derived polyphenols are
naturally occurring micronutrients that have demonstrated efficacy in treatment of
depressive-like symptoms in animal models, but the mechanism by which this occurs is still
unknown.[*7] Our group recently identified a polyphenol-rich dietary polyphenol preparation
we referred to as BDPP, which is effective in alleviating the effects of RSDS-mediated
depression/anxiety phenotypes in mice.[18] Starting from BDPP, we isolated and
characterized two select bioactive phenolic compounds, dihydrocaffeic acid (DHCA) and
malvidin-3’-O-glucoside (Mal-gluc), that are effective in modulating hematopoietic
progenitor cell-mediated transmission of stress-susceptible phenotypes. In particular, we
identified a sub-threshold micro-defeat paradigm that is not sufficient to induce depression
phenotypes in mice, but that is effective in inducing depression phenotypes in mice with BM
transplantation from mice that developed depression/anxiety phenotypes following RSDS.
[18] We demonstrated that in mice with BM transplantation, treatment with combined
DHCA/mal-gluc was effective promoting resilience against the developing of depression
phenotypes in response to sub-threshold micro-defeat.[18]
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Dietary polyphenols and many other dietary phytochemicals are becoming increasingly
attractive as therapeutic agents because of their safety and efficacy in alleviating psychiatric
symptomology.[19:20] The aim of the current study was to investigate long-term effects of a
stress-susceptible immune profile on global DNA methylation in the CNS and periphery
with or without treatment with DHCA/Mal-gluc. Information gathered from these studies
may provide one mechanism by which phenolic compounds can alleviate stress-induced
depression/anxiety phenotypes with the hope of becoming an avenue for clinical
developments.

2. Experimental Section

2.1. Materials

Mal-gluc was purchased from Extrasynthesis (Genay Cedex, France). DHCA and LPS (from
Escherichia coli) were purchased from Sigma—Aldrich. All tested compounds were analyzed
by LC-MS and archived in compliance with Product Integrity guides of the U.S. National
Institutes of Health National’s Center for Complementary and Integrative Health.

2.2. Animals

CD45.2* C57BL/6 mice were used for RSDS and as BM recipients. CD45.1* C57BL/6 mice
were used as BM donors. For number of animals per group, see Figure 2. All C57BL/6 mice
were purchased from the Jackson Laboratory. Retired breeder CD-1 mice, purchased from
Charles River Laboratory, serve as aggressor mice. All animals had access of regular chow
ad lib and were maintained on a 12:12-h light/dark cycle with lights on at 07:00 h in a
temperature-controlled (20 + 2 °C) vivarium. All animal procedures were approved by the
Institutional Animal Care and Use Committee of the Icahn School of Medicine at Mount
Sinai.

2.3. Generation of BM Chimeras and Treatment

Generation of BM chimera was performed as previously described.[8.21] Briefly, 6 weeks old
recipient CD45.2+ C57BL/6 mice were lethally irradiated with 1200 rad delivered in two
doses of 600 rad each (10-11 h apart). Following the second irradiation, BM hematopoietic
cells from the donor mouse were introduced through a retro-orbital injection. BM cells were
obtained from the naive (SI ratio = 1.81) or susceptible (Sl ratio =0.46) CD45.1+ C57BL/6
mice. All mice were treated with ~3 mg per mouse per day (sulfatrim) for 3 weeks followed
by 2-weeks treatment with vehicle or a mixture of DHCA (5 mg kg~ d~1) and Mal-gluc
(500 ng kg™t d~1) delivered through their drinking water, before subjected to a
subthreshhold defeat. This treatment was repeated 4 months later (Figure 1). Stability
studies demonstrated that both compounds are stable in aqueous solution for at least 5 days.
Therefore, for all the treatment, drinking solutions were freshly made and changed once
every 2-3 days.

2.4. Behavioral Testing

2.4.1. Subthreshold Defeat Stress—Subthreshold defeat stress was performed as
previously described.[:22] Briefly, CD-1 mice were screened for aggressive characteristics
prior to the start of social defeat experiments based on previously described criteria.l”]
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During subthreshold defeat, mice were subjected to a novel CD-1 aggressor for three
consecutive 5-min defeat bouts, with a 15 min intertrial interval between the defeats. Mice
were subjected to social avoidance behavior testing 24 h after the defeat. This protocol does
not result in social avoidance behavior in normal mice.

2.4.2. Social Avoidance Test (Social Interaction Test)—Social interaction (SI)
testing was performed as previously described.[”] All SI testings were performed under red-
light conditions. Mice were placed in a novel interaction open-field arena custom-crafted
from opaque Plexiglas (42 x 42 x 42 cm; Nationwide Plastics) with a small animal cage
placed at one end. Their movements are then automatically monitored and recorded
(Ethovision 3.0; Noldus Information Technology) for 2.5 min in the absence (target absent
phase) of a novel CD-1 mouse. This phase is used to determine baseline exploratory
behavior. We then immediately measured 2.5 min of exploratory behavior in the presence of
a caged CD-1 mouse (target present phase), again recording total distance travelled and
duration of time spent in the interaction and corner zones. SI behavior was then calculated as
total time spent in each zone, or as a ratio of the time spent in the interaction with target
present divided by the time spent in the interaction zone with the target absent. All mice
with a ratio above 1.0 were classified as resilient, and all mice below 1.0 were classified as
susceptible.

2.5. Collection of Brain Specimens

Mice were rapidly decapitated under baseline conditions and brains were immediately
removed, flash frozen in liquid nitrogen, and placed in a =80 °C until further processing.
Whole hippocampus was dissected from 250 micron frozen sections and immediately
homogenized in buffer RLT for DNA extraction (Qiagen, Valencia, CA).

2.6. Mouse Peripheral Blood Mononuclear Cell Isolation

Mice were sacrificed by decapitation and 300-500 gL trunk blood was immediately
collected. Peripheral blood mononuclear cells (PBMCs) were isolated from freshly collected
blood using Ficoll-Paque (GE Healthcare, Sweden). In particular, blood samples were
diluted with PBS and carefully laid over Ficoll-Paque and centrifuged at 400 x g for 30 min
at room temperature in a swinging bucket rotor without brake. The mononuclear cell layer at
the interphase was carefully isolated and washed once with PBS at 300 x g for 10 min. The
cell pellet was washed once more with PBS at 200 x g for 10 min to remove platelets.

2.7. Human Blood Collection and Isolation of PBMCs

Blood from six healthy male donors (age between 25 and 30) were collected in the heparin-
coated tubes and PBMCs were isolated and purified as described above.

2.8. PBMC Stimulation by LPS

Human PBMCs were seeded at 2 x 10 cells per well in six-well plate in culture medium
RPMI-1640 (Sigma) supplemented with 20% horse serum, 10% FBS, 2.05 mm I-glutamine,
25 mm Hepes, and 100 U mL~1 penicillin/streptomycin. PBMCs were treated with vehicle
or DHCA (final concentration 50 zm) for 16 h before stimulating with 100 ng mL™1 LPS for
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24 h. The cell pellets were washed once with ice-cold PBS and snap frozen for DNA
isolation and methylation analysis.

2.9. DNA Extraction

For mouse hippocampus, DNA and RNA were simultaneously extracted from homogenized
tissue using the Qiagen AllPrep DNA/RNA kit (Qiagen) according to the manufacturer’s
instructions. For mouse and human PBMCs, DNA and RNA were simultaneously extracted
using the Zymo Duet DNA/RNA kit (Zymo, Irvine, CA) according to the manufacturer’s
instructions. DNA concentration was measured with Qubit fluorometer (Life technologies)
and stored at —20 °C until further processing.

2.10. Global DNA Methylation Assays

Global DNA methylation was assessed using the 5-methylcytosine (5-mC) DNA ELISA kit
according to the manufacturer’s instructions (Zymo, Irvine, CA). Briefly, 100ng of DNA and
5-mC coating buffer was added to PCR tubes and denatured at 98 °C for 5 min. Samples
were then transferred to 5-mC plate wells and incubated at 37 °C for 1 h. Wells were washed
three times with buffer and incubated again for 30 min at 37 °C. Antibody mix containing 5-
mC antibody and a secondary antibody were then added to the wells and incubated for 1 h at
37 °C. After three more washes with buffer, color developer solution was added to each well
and allowed to sit at room temperature on the benchtop for ~ 20 min. Absorbance was read
at 405 nm using an ELISA plate reader. All samples were run in duplicate and optical
density (OD) values were averaged across both reads. A standard curve of methylation
ranging from 0 to 100% CpG methylation was run on each plate (positive and negative
controls provided by manufacturer). Methylation percentages for samples was calculated by
subtracting the y-intercept of the standard curve from the average sample OD and dividing
by the slope of the standard curve. Values were then converted into percent cytosine
methylation for human or mouse respectively.

2.11. Statistical Analyses

Mouse global methylation levels across treatment groups were analyzed first with two-way
analysis of variances and followed with unpaired £tests. For the social avoidance test data,
we used two-tailed Student’s #test because we only conducted comparisons between
treatment groups and already had pilot data suggesting that there would be a difference
between groups. For human PBMC global methylation, methylation levels after LPS
stimulaiton and BDPP treatment for each individual were calculated as a percentage of
unstimulated control. Means were then compared to a theoretical value of 100% using one-
sample #tests. For all tests, outliers were excluded if they fell more than two SDs above or
below the mean. Significance was denoted by p < 0.05.

3. Results

3.1. DHCA/Mal-Gluc Treatment Alleviate Social Defeat-Mediated Depression/Anxiety
Behavioral Phenotypes

Male mice irradiated and transplanted with BM from naive donors or susceptible donors
(mice that developed depression/anxiety phenotypes following RSDS) were treated with
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either vehicle or DHCA/Mal-gluc for 2 weeks. Thereafter, mice subjected to a subthreshold
defeat, followed by assessment for depression-like behavioral phenotypes using the social
avoidance test. Results from the test was summarized into Sl ratios, whereby an Sl ratio > 1
and < 1 reflect, respectively, the presence or the absence of depression-like behavioral
phenotypes. As expected among mice that were transplanted with BM from naive donors,
subthreshold defeat did not induce depression-like phenotypes, regardless of treatment with
vehicle or DHCA/Mal-gluc (Figure 2). In contrast, among mice that were transplanted with
BM from susceptible donor, subthreshold defeat resulted in depression-like phenotypes
(Figure 2, vehicle treated mice, mean Sl ratio = 0.74). We also found that DHCA/Mal-gluc
treatment significantly alleviated the sensitivity of mice with BM transplantation from
susceptible donor to develop depression-like phenotypes in response to subthreshold defeat
(Figure 2, DHCA/Mal-gluc-treated mice, Sl ratio = 1.36).

3.2. Mouse Brain Global Methylation

We measured global 5mC levels in the hippocampus of mice with the immune profiles of
naive or susceptible donors following two bouts of treatment with DHCA/Mal-gluc over a 4
month period. A two-way analysis of variance revealed an interaction between donor
condition and DHCA/Mal-gluc treatment (Figure 3; A1,25) = 25.68, p< 0.001). DHCA/
Mal-gluc -treated mice with the BM chimeras of naive donors had significantly lower global
cytosine methylation compared to vehicle-treated controls ({16) = 3.381, p< 0.01).
Conversely, DHCA/Mal-gluc -treated mice that received the immune profile of susceptible
donors had significantly higher methylation compared to vehicle-treated controls (49) =
3.49, p<0.01) as well as DHCA/Mal-gluc -treated mice from naive donors ({15) = 3.025, p
< 0.01). Further, vehicle treated mice with susceptible donor chimeras had a significant
decrease in methylation compared to mice with naive donor chimeras ({10) = 3.906, p <
0.01).

3.3. Mouse Blood Global Methylation

We isolated PBMCs from mouse blood collected during brain removal and measured global
5-mC levels. There was a significant effect of DHCA/Mal-gluc treatment on methylation
(Figure 4; A1,28) = 10.12, p< 0.01) and a marginal effect of donor condition (H1,28) =
4.157, p=0.051). Post hoc tests revealed that DHCA/Mal-gluc-treated mice from naive
donors had decreased methylation compared to vehicle-treated controls from naive donors
(416) = 2.889, p< 0.05). Additionally, DHCA/Mal-gluc -treated mice from susceptible
donors had decreased methylation compared to vehicle-treated controls, although this effect
was only marginally significant ({12) = 1.835, p=0.091).

3.4. Human Blood Global Methylation

Previously, we reported that DHCA-mediated anti-inflammatory responses in the periphery
and Mal-gluc-mediated normalization of synaptic plasticity in the CNS contributed to the
preclinical efficacy of DHCA/Mal-gluc on attenuation of depression-like phenotype.[18] To
further test the potential epigenetic mechanisms of this DHCA on peripheral mechanisms,
we iso lated PBMCs from healthy human subjects and pretreated with vehicle or DHCA for
16 h before stimulating with LPS for 24 h before conducting global DNA methylation
analysis. Each individual’s methylation percentage was calculated as a percent of his control
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(before stimulation). Although no statistically significant differences were found, there was a
trending increase in global methylation after LPS stimulation, and this effect was not present
after treatment with DHCA (Figure 5).

4. Discussion

Here, we investigated the global DNA methylation patterns in brain and blood of DHCA/
Mal-gluc-treated mice that were transplanted with the immune profile of a stress-susceptible
or non-stressed naive donor. We found DHCA/Mal-gluc treatment-and donor-specific
changes in global methylation patterns in both the mouse hippocampus and PBMCs that
were maintained months distal to the BM transplant. Further, we investigated the effect of
immune challenge on global methylation of healthy human PBMCs and found a trending
increase in methylation after immune challenge that was attenuated after treatment with
DHCA, the component of DHCA/Mal-gluc that is known to attenuate peripheral
inflammation.[18] These findings highlight DNA methylation as a possible mechanism by
which stress-induced immune changes, in combination with polyphenol treatment, can be
maintained in molecular memory long after the initial stressor.

Previous work has shown the ability of hematopoietic progenitor cell transplants to transfer
stress-susceptible phenotypes across individual mice.[818] Although we have identified IL-6
and its role in synaptic plasticity as a key player in the mechanistic action of polyphenols in
this model, mechanisms upstream of protein expression had not yet been identified. We have
now shown that DNA methylation may be a way in which the peripheral immune system
interacts with the CNS to produce stress susceptibility.

The opposing effects of DHCA/Mal-gluc treatment on global DNA methylation levels
depending on donor condition was an unexpected but interesting finding. In the
hippocampus of mice with a stress-susceptible bone marrow chimera, DHCA/Mal-gluc
increased methylation to levels of the vehicle-treated mice from naive donors, suggesting
that these compounds can rescue changes induced by the immune profile receieved from a
stress-susceptible donor. Conversely, DHCA/Mal-gluc decreased methylation in mice from
naive donors (to levels of vehicle-treated mice from susceptible donors). This highlights the
variability among individuals when assessing the therapeutic efficacy of drug treatments.[23]
These findings suggest that future studies should consider individual immune profiles when
assessing the most effective pharmacological treatment strategy.

In mouse PBMCs, DHCA/Mal-gluc treatment decreased global methylation in mice from
both naive donors and susceptible donors. The concomittant decrease of methylation in both
the hippocampus and PBMCs of mice from naive donors demonstrates the conserved effect
of DHCA/Mal-gluc on global DNA demethylation across healthy tissues. There are
currently conflicting ideas about the correlation between blood and brain DNA methylation,
[24.25] byt identifying a similar pattern of methylation in both tissues after DHCA/Mal-gluc
treatment suggests that this treatment may be useful in the clinic to reflect therapeutic effects
on the brain.
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Another piece of evidence suggesting that this treatment has clinical relevance is our human
PBMC findings. Although findings were nonsignificant, LPS treatment increased global
methylation in human PBMCs while subsequent DHCA treatment returned methylation to
baseline levels. Inflammation is associated with increased global DNA methylation levels,
[26] which is in line with our findings of an increase in methylation after LPS treatment.
Furthermore, the demethylating effects of DHCA in human PBMCs are similar to our
findings in the mouse. The choice of DHCA or Mal-gluc was based on the observation that
DHCA can reduce peripheral inflammation while Mal-gluc can modulate synaptic plasticity
in the brain. Therefore, for all the ex vivo studies with PBMCs, the main source of
peripheral inflammation, the treatment was always DHCA.

Stress-susceptible mice display increased inflammation that can be compared to
experimentally induced inflammation in human PBMCs. Importantly, DHCA/Mal-gluc has
the same demethylating effect on both humans and mice, as well as conservation between
tissue types in mice. It is important to note that our human methylation data has a rather
small sample size due to the preliminary nature of the study, providing only trending results.
Due to possible batch effects of the LPS-stimulation, we were unable to add subjects to the
current study, but are planning on replicating this part of the study with a higher number in
the future.

A key aspect of our model is the delay between BM transplant and time of brain/blood
collection. Although previous studies investigated molecular markers and behavior weeks
following transfer of hematopoietic progenitor cells, (18] our study design allowed over 4
months to pass following transplant, during which animals were left undisturbed.
Intriguingly, the molecular memory of brain and immune cells remained after the lengthy
delay. Changes in DNA methylation elicited by stress are known to be long lasting and can
even span generations in both the CNS and periphery,[11] but to our knowledge, there are no
studies of the long-term effects of BM transplants on DNA methylation in the brain. Immune
cells received from the donor during hematopoietic progenitor cell transplant develop into
the host immune system but also exhibit neuronal phenotypes,[27:28] which may be the
reason that hippocampal DNA methylation levels exhibit long-term changes depending on
stress phenotype of the donor.

Global changes in methylation have the capacity to alleviate depressive-like behavior in
rodents,[29] which suggests that DHCA/Mal-gluc treatment, which elicits large changes in
global methylation in the brain and blood, may do so as well. Future studies will assess the
behavioral effects of DHCA/Mal-gluc treatment and investigate the correlation between
methylation and behavior. The studies described here are of a preliminary nature and give
rise to many further questions that must be addressed before DHCA/Mal-gluc can be used in
a clinical setting. Limitations to the current study will be addressed in the future, including
assessing sex differences, gene expression and immune profiles, and the applicability of
polyphenols to be used in other realms of medicine and psychiatry. In conclusion, we have
shown here that treatment with a polyphenolic compound alters global DNA methylation
across human and mouse tissues following inflammation, although this is just a beginning
step in discovering the therapeutic potential of polyphenols.
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Figurel.

Overall design and timeline of study. Six-week-old male mice were irradiated and received
BM transplants from donor mice that experienced RSDS and exhibited a susceptible
phenotype or from naive mice. After antibiotic treatment for 3 weeks and DHCA/Mal-gluc/
vehicle treatment for 2 weeks, mice were subjected to subthreshold defeat followed by social
interaction testing. After testing, mice were left undisturbed in their home cage for 4 months,
and then treated with polyphenols for 2 weeks. The following day, mice were sacrificed and
brain/blood was collected for methylation assays.
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Vehicle Polyphenol Vehicle Polyphenol
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Social avoidance behavioral testing in mice subjected to subthreshold micro-defeat in the
presence or absence of DHCA/Mal-gluc treatment. Social avoidance behavioral test in mice
treated with DHCA/Mal-gluc or vehicle in mice transplanted with naive or susceptible
donor. (adenotes p< 0.05, 7= 9-10 per group).
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Figure 3.
Global 5-methylcytosine levels in the mouse hippocampus. Global DNA methylation was

measured in mouse hippocampal tissue following transplantation of BM from naive or
susceptible donors and polyphenol treatment (6 denotes p < 0.01; error bars represent SEM).
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Figure 4.
Global 5-methylcytosine levels in mouse PBMCs. Global DNA methylation was measured

in mouse PBMCs following transplantation of BM from naive or susceptible donors and
polyphenol treatment (a denotes p < 0.05; error bars represent SEM).
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Figure5.

Global 5-methylcytosine levels in LPS-stimulated PBMCs. Global DNA methylation was
measured in human PBMCs at baseline, after LPS stimulation, or when LPS stimulation was
preceded by polyphenol treatment (error bars represent SEM).
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