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INTRODUCTION

RESULTS

Post-translational histone modifications (PTHMs), such as methylation of lysine residues on histone H3,
regulate chromatin structure such that DNA is more or less accessible for cellular processes. Up to 3 methyl
groups can be added to histone lysines by lysine histone methyltransferases (KHMTs), and each methylation
reaction depends on a methyl donation from S-adenosylmethionine (SAM) and is inhibited by Sadenosylhomocysteine (SAH) (Fig. 1).
In experimental models, nutritional methyl donors, such as folate and choline, influence PTHMs [1-7].
However, few human studies have examined the effects of one-carbon metabolism (OCM) indices on global
(%) PTHMs.
Fig. 1. SAM-dependent methylation of Histone H3
The purpose of this study was to examine
how OCM indices, including folate, B12, and
choline, and plasma homocysteine (Hcys), an
indicator of intracellular methylation capacity [8],
affect three %PTHMs (H3K36me2, H3K36me3,
and H3K79me2) in Bangladeshi adults exposed
chronically to arsenic (As)-contaminated drinking
water. This study also offered the unique
opportunity to determine if supplementation with
the U.S. recommended dietary allowance for folic
acid (FA) (400 µg/day) for 12 weeks alters these
%PTHMs.
Potential differences by sex were evaluated,
because we have previously observed that As
influences epigenetic marks, including %PTHMs,
in a sex-dependent manner [9-11], and others
have observed that concurrent exposure to a
Blue numbers indicate H3 lysine residues that are commonly methylated.
methyl deficient diet and As induces sex-specific
Lysine 79 is located in the H3 core domain. The inset depicts the
alterations in global DNA methylation patterns in
methylation of lysine 36 from its monomethyl form (H3K36me) to its
dimethyl form (H3K36me2) (methyl groups shown in red). Each methylation
mice [12]. The effects of nutritional methyl donors
reaction depends on a methyl donation from S adenosylmethionine (SAM)
on %PTHMs in populations chronically exposed
and is inhibited by S-adenosylhomocysteine (SAH).
to As are unknown.

Fig. 3. Associations (β and 95% CI) between OCM indices and %PTHMs
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Table 2. Median (IQR) Change in %PTHMs from Baseline to Week 12 by Treatment Arm
IQR = Interquartile range
aWilcoxon

rank sum test
for difference in intraperson change in
%PTHM between placebo
and 400 µg FA groups.

HYPOTHESES
• Red blood cell (RBC) folate and plasma folate, B12, and choline, are associated with higher levels of
%PTHMs, while plasma Hcys is associated with lower levels of %PTHMs
•12 weeks supplementation with FA (400 µg/day), compared with placebo, increases %PTHMs

STUDY DESIGN, METHODS, AND PARTICIPANTS
The Folic Acid and Creatine Trial (FACT) is a randomized, placebo-controlled, trial of FA and creatine
supplementation in ~600 Bangladeshi adults who had been drinking from wells with As ≥ 50 µg/L (Fig. 2). All
participants received As-removal water filters at baseline. We measured %PTHMs in peripheral blood
mononuclear cells (PBMCs) collected from a subset (N=324) of FACT participants at baseline and from the
placebo and 400 µg FA groups at baseline and week 12.
Fig. 2. FACT Study Design
Plasma Folate and B12, RBC Folate: Measured by
radioimmunoassay. RBC folate was adjusted by
[%Hematocrit/100].
Plasma Choline: Measured by LC-MS/MS.

%PTHMs: Histones were isolated from PBMCs by acidextraction. %PTHMs (%H3K36me2, %H3K36me3, and
%H3K79me2) were measured by sandwich ELISA.
Statistical Methods: Associations between OCM indices
and %PTHMs were determined using generalized linear
models with an inverse link (%H3K36me2) or linear
regression models (%H3K36me3, %H3K79me2). OCM indices, %H3K36me3, and %H3K79me2 were natural
log-transformed. An inverse-transformation was applied to %H3K36me2. Differences by sex were determined
by the Wald test. Differences in the intra-person change in %PTHMs between the 400 µg FA and placebo
groups were determined by the Wilcoxon test.

•Women (but not men) with higher plasma B12 had higher %H3K36me3 and %H3K79me2 (P < 0.05)
•Plasma folate and FA treatment were not associated with alterations in %PTHMs. However, %H3K36me2 and
%H3K36me3 were lower (P < 0.05 and P < 0.10, respectively) in men with higher RBC folate (a marker of
long-term folate status)

CONCLUSIONS
•Effects of OCM indices on %PTHMs differed by sex. This may be due to differing ranges of nutritional indices
in men vs. women or the fact that some histone demethylases form complexes with androgen receptor [13] and
others are dosage-sensitive regulators that reside on the Y chromosome [14].

•Consistent with the cross-sectional findings for plasma folate, supplementation with 400 µg FA for 12 weeks
did not influence %PTHMs in PBMCs. However, we cannot rule out the possibility that other %PTHMs, or other
target tissues, may have been affected, or that the dose or duration was insufficient to alter %PTHMs.
•%PTHMs were differentially affected by OCM indices. This has been observed by other groups [3, 7], and
suggests that some KHMTs may be more sensitive than others to alterations in the methyl pool.

REFERENCES
1.
2.
3.

Table 1. Characteristics of Study Participants by Sex

4.
5.
6.

aP

for difference by sex calculated by a Wilcoxon
or Chi square test for continuous or categorical
variables, respectively
bP

for difference by sex calculated by Fisher’s
Exact Test

www.PosterPresentations.com

•Men (but not women) with higher plasma choline and lower plasma Hcys had higher %H3K36me2
(P < 0.05). There was also a trend for increased %H3K36me3 with higher plasma choline and lower plasma
Hcys that was observed in both men and women.

•The inverse relationships between RBC folate and %PTHMs in men may reflect the potential dual role of folate
in regulating %PTHMs; in addition to being a methyl donor, there is evidence that folate may facilitate histone
demethylation by accepting the removed one-carbon group [15].

Plasma Hcys: Measured by HPLC with fluorescence
detection.

RESEARCH POSTER PRESENTATION DESIGN © 2012

SUMMARY

cN=160

for men, N=155 for women

dN=125

for men, N=125 for women

eN=159

for men, N=159 for women

fN=154

for men, N=152 for women

gN=162

for men, N=159 for women

hPlasma

folate < 9 nmol/L

iPlasma

B12 < 151 pmol/L

jPlasma

Hcys > 13 µmol/L

7.
8.
9.
10.
11.
12.
13.
14.
15.

Bistulfi et al. “Mild folate deficiency induces genetic and epigenetic instability and phenotype changes in prostate cancer cells”. BMC Biology, 2010. 8:6.
Zhang et al. “Histone modification mapping in human brain reveals aberrant expression of histone H3 lysine 79 dimethylation in neural tube defects”. Neurobiology of
Disease, 2013. 54: 404-13.
Lambrot et al. “Low paternal dietary folate alters the mouse sperm epigenome and is associated with negative pregnancy outcomes”. Nature Communications, 2013.
doi: 10.1038/ncomms3889.
Mehedint et al. “Choline deficiency alters global histone methylation and epigenetic marking at the Re1 site of the calbindin gene”. FASEB J, 2010. 24(1): 184-195.
Pogribny et al. “Methyl deficiency, alterations in global histone modifications, and carcinogenesis”. Journal of Nutrition, 2007. 137(1):216S-222S.
Pogribny et al. “Epigenetic alterations in the brains of Fisher 344 rats induced by long-term administration of folate/methyl-deficient diet”. Brain Research, 2008.
1237:25-34.
Sadhu et al. “Nutritional control of epigenetic processes in yeast and human cells”. Genetics, 2013. 195(3):831-44.
Caudill et al. “Intracellular S-adenosylhomocysteine concentrations predict global DNA hypomethylation in tissues of methyl-deficient cystathionine beta-synthase
heterozygous mice”. Journal of Nutrition, 2001. 131(11):2811-8.
Chernova Y et al. “Associations between arsenic and global posttranslational histone modifications among adults in Bangladesh”. CEBP, 2012. 21(12):2252-60.
Howe et al. “Sex-specific associations between arsenic and global measures of H3K36me2, H3K36me3, and H3K79me2“. Under Review.
Niedzwiecki et al. “Sex-specific associations of arsenic exposure with global DNA methylation and hydroxymethylation in leukocytes: results from two cross-sectional
studies in Bangladesh”. Cancer Epidemiol. Biomarkers Prev. Accepted for Publication.
Nohara et al. “Global DNA methylation in the mouse liver is affected by methyl deficiency and arsenic in a sex-dependent manner”. Arch Toxicol, 2011. 85(6):653-61.
Metzger et al. “LSD1 demethylates repressive histone marks to promote androgen-receptor-dependent transcription”. Nature, 2005. 437:436-9.
Bellott et al. “Mammalian Y chromosomes retain widely expressed dosage-sensitive regulators”. Nature, 2014. 508: 494-9.
Luka et al. “Crystal structure of the histone lysine specific demethylase LSD1 complexed with tetrahydrofolate”. Protein Sci, 2014. 23(7):993-8.

ACKNOWLEDGEMENTS
This work was supported by grants RO1 ES 017875, RO1 CA 133595, P42 ES 10349, and T32 ES 007322

CONTACT INFORMATION
Caitlin Howe, Ph.D. Candidate, E-mail: cgh2121@cumc.columbia.edu

