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Novel risk factors for nutritional-related
diseases and their dietary modulation

10.3.1. microRNAs

IMDEA researchers, in collaboration with international colleagues, observed that a genet-

ic variant on the perilipin 4 (PLIN4) locus was associated with an increased risk of obe-

sity yet, carriers with higher omega-3 fatty acid intakes tended to weigh less than carri-

ers who consumed little or no omega-3 fatty acids. Furthermore, the researchers identified

a microRNA (miRNA) which may help to elucidate the mechanism behind the gene-

diet interaction. 

microRNAs May Explain Gene-Diet Interaction

Omega-3 fatty acid intake and body weight appear to be related in carriers of a genetic
variant on the perilipin 4 (PLIN 4) gene locus. 

BOSTON/MADRID: Eating more n-3 polyunsaturated fatty acids, commonly known as

omega-3 fatty acids, may help carriers of a genetic variant on the perilipin 4 (PLIN4)

gene locus lose weight more efficiently. Based on this observation, researchers at the

Jean Mayer Human Nutrition Research Center on Aging (USDA HNRCA) at Tufts Uni-

versity and at IMDEA Alimentación, identified a  miRNA  which may elucidate the under-

lying biological mechanism.

Led by Prof. Jose M. Ordovas, Director of the Nutrition and Genomics Laboratory at the

USDA HNRCA and President of the Board of Trustees and Scientific Council of IMDEA

Food Institute, researchers genotyped seven single nucleotide polymorphisms (SNPs),

also known as gene variants, from men and women of mostly white European ancestry

enrolled in the Genetics of Lipid Lowering Drugs and Diet Network (GOLDN) study and
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the Framingham Offspring Study. Carriers of the gene variant tended to weigh more and

exhibit higher body mass index (BMI), which would increase their risk of becoming obese.

Yet, carriers with higher omega-3 fatty acid intakes tended to weigh less than carriers

who consumed little or no omega-3 fatty acids.

Ordovas believes this to be the first example of a genetic variant that creates a miRNA

binding site that influences obesity-related traits through a gene-diet interaction. Although

further research is necessary, the findings suggest that miRNA activity is a possible tar-

get for dietary-based weight-loss therapies for obesity. The results were published online

April 6 by the journal PLoSONE.

“We tested for miRNA activity after seeing significant interactions between the gene vari-

ant, characteristics of obesity, and omega-3 fatty acid intake in our meta-analysis in

two large populations,” says Ordovas, “When a gene variant is that informative, you get

a strong sense that it may be functional.”

sk factors

Figura. Regulation of lipid
homeostasis by the
bifunctional SREBPs-miR-
33a/b locus
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The family of perilipin genes controls the release of perilipin proteins which dictate

how fat is stored and broken down in the body. The current study adds to a body of research

of the perilipin gene family and its role in obesity risk, yet most of the work focuses on

perilipin 1 (PLIN1). “In the past, studies have shown gene variants in the PLIN1 gene

locus are associated with obesity risk and appear to be regulated by polyunsaturated fats.

It is encouraging that we saw both loci expressed in similar ways,”Ordovas adds.

Ordovas and colleagues say future studies could explore the role of miRNA in both the

PLIN1 and PLIN4 genes. “Variants that may create or destroy miRNA binding sites

have tremendous potential for functional consequence, and we would want to investigate

if this is occurring in the other perilipin genes”. “Also, replication of our results in larg-

er populations which record the dietary information of its participants would help clari-

fy the role of perilipin genes interacting with dietary fats such as omega-3 fatty acids and

impacting weight.”

Omega-3 fatty acids are polyunsaturated fats mostly found in fatty fish such as tuna,

salmon and sardines. In the recently issued 2010 Dietary Guidelines for Americans,

the USDA recommends replacing saturated fatty acids with polyunsaturated and monoun-

saturated fats whenever possible. 

10.3.2. ER stress

The endoplasmic reticulum (ER) is a membranous network of branching tubules and flat-

tened sacs that is present in all eukaryotic cells. It extends throughout the cytoplasm

of the cell and is contiguous with the nuclear envelope. The ER is mainly recognized as

a protein-folding factory, responsible for the biosynthesis, folding, assembly and modi-

fication of numerous soluble proteins and membrane proteins. The ER seems to be a

key site where intracellular signals are sensed, integrated and transmitted, allowing the

coordination of downstream responses. Physiological states that increase the demand for

protein folding, or stimuli that disrupt the reactions by which proteins fold, create an

imbalance between the protein-folding load and the capacity of the ER, causing unfold-

ed or misfolded proteins to accumulate in the ER lumen — a condition referred to as

ER stress. Recently, a set of intracellular pathways that signal the presence of cellular

stress was identified. These pathways are collectively known as the unfolded-protein

response (UPR), and studies of the UPR have broadened the understanding of the mech-

anisms by which inflammation can be initiated. Until now, oxidatively-modified and elec-

tronegative LDL [LDL(-)] has been the only modified lipoprotein detected and charac-

terized in plasma. Its increased concentration in hypercholesterolemia, type 2 diabetes,

uremia, exhausting physical exercise, and postprandial lipemia suggested a valid corre-

lation with increased cardiovascular disease risk. Possibly linked to increased electroneg-

ativity, the major difference between native LDL and LDL(-) is the misfolding of its apopro-
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tein in LDL(-), with a marked increase in beta-sheet structure and a significant confor-

mational shift. In brief, apoprotein misfolding and LDL aggregation can well represent

the modification able to transform a cholesterol carrier into a particle that elicits athero-

genic responses in the artery wal. In synthesis, the roles played by the ER and associat-

ed stress in cardiometabolism are likely to be relevant and manifold; mounting evi-

dence indicates the ER as an important target of dietary or pharmacological intervention.

At IMDEA Food Institute, ER stress and its sequelae (as related to atherosclerosis and

cardiometabolism) will be studied from at least two –somewhat specular - viewpoints.

What is the contribution of ER stress in liver cells to newly-formed lipoproteins? This

might bear particular importance in atherosclerosis, as the misfolding of apoB, its

aggregation, resistance to proteolysis, and cytotoxicity are common motifs shared by mod-

ified LDL and amyloidogenic proteins. Based on these analogies, it has been proposed

that atherogenesis could be considered as a disease produced by the accumulation of

cytotoxic and pro-inflammatory misfolded lipoproteins. ER stress is exacerbated by,

e.g. age and, possibly, general or localized inflammation and oxidative stress. These con-

ditions would lead to the formation of misfolded apoproteins and, consequently, athero-

genic lipoproteins. ER stress can be induced, in vitro, by several agents, including tuni-

camycin (which inhibits N-linked glycosylation), 2-deoxyglucose (a non-metabolically

active form of glucose that results in glucose deprivation), or thapsigargin, an inhibitor

of Ca2+ reuptake into the ER. Apoprotein misfolding can be evaluated by appropriate

methods already in use, such as circular dichroism, and under further development, such

as mass spectrometry, all available in our Department. What are the effects of lipopro-
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teins modified by eg glycation or oxidation, on endothelial activation? What are the effects

of aging and associated misfolded apoB on endothelial activation? Relevant to this issue,

we have preliminary findings that link NOX4 activity to overproduction of reactive oxy-

gen species. Notably, NOX4 is attached to the ER. We have found pharmacological means

to modulate such activity and, in turn, decrease endothelial activation.

After studying the basic mechanisms, pharmacological/nutritional agents can be searched

for. Suitable candidates are essential fatty acids and plants’ secondary metabolites.

The former act – intracellularly – as antioxidants by lowering NAD(P)H activity, while

the latter stimulate cellular antioxidant response.
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