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Abstract: Type-2 diabetes mellitus (T2DM) has become a major health problem worldwide. T2DM
risk can be reduced with healthy dietary interventions, but the precise molecular underpinnings
behind this association are still incompletely understood. We recently discovered that the expression
profile of the splicing machinery is associated with the risk of T2DM development. Thus, the aim of
this work was to evaluate the influence of 3-year dietary intervention in the expression pattern of the
splicing machinery components in peripheral blood mononuclear cells (PBMCs) from patients within
the CORDIOPREYV study. Expression of splicing machinery components was determined in PBMCs,
at baseline and after 3 years of follow-up, from all patients who developed T2DM (Incident-T2DM,
n =107) and 108 randomly selected non-T2DM subjects, who were randomly enrolled in two healthy
dietary patterns (Mediterranean or low-fat diets). Dietary intervention modulated the expression of
key splicing machinery components (i.e., up-regulation of SPFQ/RMB45/RNUG6, etc., down-regulation
of RNU2/SRSF6) after three years, independently of the type of healthy diet. Some of these changes
(SPFQ/RMB45/SRSF6) were associated with key clinical features and were differentially induced in
Incident-T2DM patients and non-T2DM subjects. This study reveals that splicing machinery can
be modulated by long-term dietary intervention, and could become a valuable tool to screen the
progression of T2DM.

Keywords: low-fat diet; Mediterranean diet; peripheral blood mononuclear cells (PBMCs); splicing
machinery; Type-2 diabetes mellitus

1. Introduction

Type 2 diabetes mellitus (T2DM) has become a major global health problem in recent decades
due to its rising incidence, prevalence, and its tight causal association with diverse comorbidities,
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including cardiovascular disease (CVD) [1,2]. In the context of CVD prevention, lifestyle and behavioral
interventions have been shown as advantageous approaches with less associated costs and side effects
compared to available medical treatments [3]. In particular, several healthy dietary patterns have been
shown to be useful tools for the management of T2DM and the concomitant reduction of cardiovascular
risk. This is the case of the Mediterranean diet (Med diet), Dietary Approaches to Stop Hypertension
(DASH), vegetarian diet, and the low-fat (LF) high carbohydrates diet recommended by the National
Cholesterol Education Program and the American Diabetes Association (ADA) [2-5]. In line with this,
our group has shown that within the Coronary Diet Intervention with Olive Oil and Cardiovascular
Prevention (CORDIOPREV) study, a prospective, randomized, controlled trial that includes CVD
patients at high-risk of T2DM development [6], long-term consumption of a Med diet rich in olive
oil and a LF diet have beneficial effects on the patients, improving insulin sensitivity and beta-cell
function [7]. In this context, early identification of patients at higher risk of T2DM development
is critical for prevention of new cardiovascular events [8,9]. Interestingly, in searching for novel
associated molecular mechanisms and predictive markers, we recently discovered that the expression
pattern of certain splicing machinery elements in the peripheral blood mononuclear cells (PBMCs) of
patients is tightly associated with the risk of T2DM and could accurately predict T2DM development
in those individuals from the CORDIOPREYV study, outperforming the capacity of classical predictors
of T2DM development, such as glycated hemoglobin (HbA1c) or predictive scores (FINDRISK) [10],
two established strategies that have limitations and cannot precisely predict an individual’s risk of
developing T2DM [11,12].

The splicing machinery comprises the spliceosome, a sophisticated macromolecular complex with
a functional core comprising several small nuclear ribonucleoprotein (snRNP) subunits, which interact
dynamically to control the splicing process. The activity of the spliceosome is precisely modulated
by more than 300 auxiliary proteins, the so-called splicing factors, that recognize specific sequences
in exons and introns [13,14]. An emerging body of evidence indicates that, under adverse health
conditions, there is a profound dysregulation of certain spliceosomal components and splicing factors
that results in altered and even aberrant splicing processes which, in turn, substantially contribute
to the development of severe pathologies, including cancer, neurodegeneration, liver disease and
diabetes [13,15-21]. Indeed, the correct function of the splicing machinery is essential to maintain cell
homeostasis [17,18,22,23]. In this scenario, it has been proposed that nutrients can influence processes
essential for cell homeostasis by altering gene expression and, in particular, modulating the splicing of
pre-mRNAs encoding key regulatory proteins (e.g., leptin receptor, insulin receptor) [24]. Moreover,
several studies have shown that the gene expression pattern of PBMCs is severely influenced by the
diet [25-28] and might reflect metabolic and immune responses of adipocytes or hepatocytes [29,30],
thus providing valuable information to advance in the study of diseases such as T2DM and CVDs,
using less invasive sampling methods [10,27].

Based on all the above, the aim of this work was to evaluate the influence of the dietary intervention
in the expression pattern of the components of the splicing machinery in PBMCs from patients included
in the CORDIOPREYV study. Specifically, we sought to ascertain if the consumption of two healthy diets
(Med diet and LF diet) during three years modified the expression profile of the splicing machinery in
PBMCs from CVD patients.

2. Materials and Methods

2.1. Study Population

The present study was conducted within the framework of the CORDIOPREV study (Clinical
Trials Registry NCT0092493741), a prospective, randomized, controlled trial that includes 1002 CVD
patients, who had their last coronary event over six months before joining the study [6]. Patients gave
written informed consent to participate in the trial and the study protocol was approved by the Human
Investigation Review Committee of the Reina Sofia University Hospital (HURS, Cordoba, Spain;
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(03/09/2009 session), according to institutional and Good Clinical Practice guidelines (following the
Helsinki declaration). Previous reports have provided details of the study, i.e., inclusion and exclusion
criteria and cardiovascular risk factors of the patients. In brief, eligible patients were 20-75 years of age,
with established CVD but without clinical events in the last 6 months with no other serious diseases
and a life expectancy of at least 5 years. Participants were randomly enrolled in 2 study dietary models:
the Mediterranean diet (Med diet) and the low-fat diet (LF diet), a high-complex carbohydrate diet
recommended by the National Cholesterol Education Program and the ADA, both providing a wide
variety of foods.

Atbaseline, 462 participants did not present T2DM [7] and, after a median follow-up of 60 months,
107 from those patients developed T2DM (Incident-T2DM cases) (Supplementary Figure S1). Each
year, T2DM was diagnosed according to the diagnosis criteria of ADA, specifically, if one or more of
the following criteria were present in the study subjects: fasting plasma glucose (FPG) concentration
>126 mg/dL, FPG >200 mg/dL after 2-h of oral glucose test (OGTT), glycated hemoglobin (HbA1lc)
>6.5% (=48 mmol/mol). In the present study, we included the Incident-T2DM cases after a median
follow-up of 60 months (n = 107) together with 108 matched, randomly selected controls from the
remaining 355 subjects who did not develop T2DM (non-T2DM subjects) during the study period,
as previously reported [10] (Supplementary Figure S1). The random selection of the non-T2Dm subjects
was performed using stratified sampling from the 462 non-T2DM subjects of the CORDIOPREV
study according to the following clinical, anthropometric and biochemical variables: diet, age, gender,
fasting plasma glucose, body mass index, low-density lipoprotein (LDL)-cholesterol and high-density
lipoprotein (HDL)-cholesterol. In this type of sampling, the target population was first divided
into separate strata and then, samples were randomly selected within each stratum through simple
sampling (1:1). These calculations were made using R Software [10]. We collected PBMC samples at
baseline and at the third year of follow-up, as established in the study protocol guidelines [6].

2.2. Study Diets

The Med diet was composed of a minimum of 35% calories from fat (22% monounsaturated
fatty acid (MUFA), 6% polyunsaturated fatty acid (PUFA) and 10% saturated fat), 15% proteins, and a
maximum of 50% carbohydrates; and the LF diet by 30% total fat (12-14% MUEFA, 6-8% PUFA 10% and
10% saturated fat), 15% protein, and a minimum of 55% carbohydrates. In both diets, the cholesterol
content was adjusted to 300 mg/d. Participants received the same intensive dietary counseling and
were monitored by nutritionists, dietitians, internists and cardiologists. Details about diets and
randomization have been previously reported and summarized [31]. In the present study, 93 patients
had been assigned to the LF diet group and 122 to the Med diet group (Supplementary Figure S1).

2.3. Metabolic Study Design

Patient metabolic status was dynamically determined by implementing OGTTs in all patients.
Blood samples were taken at 30, 60, 90 and 120 min and metabolic parameters were biochemically
determined, and insulin resistance and sensitivity indexes were calculated as described elsewhere [6,10].

2.4. Blood Sampling and Processing to Isolate Peripheral Blood Mononuclear Cells (PBMCs)

Venous blood from the participants at the inclusion of the study and after three years of follow-up
(12 h overnight fast) was collected in tubes containing ethylenediaminetetraacetic (EDTA). PBMCs
were isolated as reported elsewhere [6,28].

2.5. RNA Extraction and Quantification

Total RNA was isolated from PBMCs by using a Direct-zol RNA kit (Zymo Research,
Irvine, CA, USA) following the manufacturer’s instructions. The amount of RNA recovered was
determined and its quality assessed by the NanoDrop2000 spectrophotometer (Thermo Fisher,
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Waltham, MA, USA). One ug of RNA was reverse transcribed to cDNA using random hexamer
primers with the First Strand Synthesis Kit (Thermo Fisher).

2.6. Analysis of Splicing Machinery Components by Microfluidic-Based Dynamic Quantitative Polymerase
Chain Reaction (gPCR) Array

To determine the expression of 48 transcripts in 48 samples simultaneously, we employed a
48.48 Dynamic Array based on microfluidic technology (Fluidigm, San Francisco, CA, USA). To this
end, we designed and validated specific primers for human transcripts including components of
the major (n = 13) and minor spliceosomes (1 = 4), associated splicing factors (n = 28) and three
housekeeping genes, as previously detailed elsewhere [10]. Preamplification, exonuclease treatment
and a quantitative polymerase chain reaction (QPCR) dynamic array were implemented using the
Biomark System and the Real-Time PCR Analysis Software (Fluidigm), following the instructions of
the manufacturer. A detailed description of the methodology is available in [10].

2.7. Statistical and Bioinformatical Analysis

Data were assessed for normality of distribution using the Kolmogorov-Smirnov test and are
expressed as mean + standard error of the mean (SEM). Statistical analysis was carried out using a
paired Student’s t-test for the alteration of the expression pattern in each patient over the three years of
the study, an unpaired ¢-test (Mann-Whitney U test) when comparing values at baseline or third year,
or a Kruskal-Wallis test depending on the existence of >2 groups in each comparison. We studied the
statistical effects of the diet ingested, independent of time, the effect of time, and the interaction of
both factors. Significant correlations were studied using bivariate Spearman correlation methods; for
these analyses, the fold change between the third year and baseline gene expression or biochemical
parameters were calculated, in order to determine dynamic correlations. p-values smaller than 0.05
were considered statistically significant. Statistical analyses were carried out with GraphPad Prism 6
(LaJolla, CA, USA) and SPSS 17.0 (IBM, New York, NY, USA).

3. Results

3.1. Dietary Intervention Modulated the Expression of Several Splicing Machinery Components

The effect of dietary intervention on the expression pattern of splicing machinery components
was evaluated in PBMCs from 215 CVD patients at high risk of T2DM development included in the
CORDIOPREYV study. Microfluidic-based qPCR analysis revealed that the expression pattern of several
splicing machinery components was altered in PBMCs from these patients after three years of dietary
intervention. Specifically, results unveiled an increase in the expression of the spliceosome components
RNU6, RNU4ATAC, U2AF1, PRPF40A, and RNU12 and in the splicing factors NOVA1, SRSF3, RBM45,
SPFQ, ESRP1, and SNW1, as well as a decrease of the spliceosome component RNU2 and the splicing
factor SRSF6 (Figure 1). Further analysis indicated that the increase in the expression of SPFQ during
the 3 years of follow-up observed herein was inversely correlated with the evolution of the homeostatic
model assessment-insulin resistance (HOMA-IR) and hepatic insulin resistance index (HIRI) indexes
(Table 1), which decreased during the follow-up in the study population (Supplementary Table S1).
Moreover, RBM45 levels at year 3 of follow-up were inversely correlated with HOMA-IR and HIRI at
this time point (Table 2).
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Figure 1. Peripheral blood mononuclear cells (PBMCs) expression pattern of specific splicing machinery

components after three years of follow-up. mRNA expression levels (adjusted by a normalization factor

(NF) calculated from the expression level of GAPDH and ACTB) of specific spliceosome components

and splicing factors in the PBMCs from all participants included in the study. Values represent the mean

+ standard error of the mean (SEM). Asterisks indicate values that significantly differ from non-type 2
diabetes mellitus (T2DM) subjects (t-test: *, p < 0.05; **, p < 0.01; ***, p < 0.001).

Table 1. Correlations between the fold change in the expression levels of splicing machinery components

(3rd year/baseline levels) and the fold change in relevant T2DM related parameters.

Fold Change during Follow-Up

Study Population (n = 215)
Incident-T2DM +

Incident-T2DM

Non-T2DM Controls (n =107)

SPFQ SRSF6
p (tho) -0.157
HOMA-IR 0.03 *
Fold change during HIRI p (rho) -0.176
follow-up p 0.018 *

o p (tho) 0.227

HbAlc (%) ) 0.047 *

HbAlc: glycated hemoglobin; HOMA-IR: Homeostasis model assessment- insulin resistance; HIRI: Hepatic insulin
resistance index; Non-significant correlations are not depicted. * indicates p < 0.05.
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Table 2. Correlations between the expression levels of RBM45 and relevant T2DM related parameters
at year 3 in the total study population (Incident-T2DM + non-T2DM controls n = 215).

Levels at Year 3 (n = 215)
Incident-T2DM + Non-T2DM Controls

RBM45
HOMA-IR p (tho) 6%’11863
Levels at year 3 P ’
o (rho) ~0.166
HIRT p 0.018 *

HOMA-IR: Homeostasis model assessment- insulin resistance; HIRI: Hepatic insulin resistance index.
* indicates p < 0.05. TD2M: Type 2 Diabetes Mellitus.

3.2. The Modulation of the Expression of Most Splicing Machinery Components Was Not Diet-Dependent

At baseline, all CORDIOPREYV participants were randomly enrolled in one of the two dietary
model groups, LF diet and Med diet, showing comparable levels of all parameters determined
(Supplementary Tables S2 and S3). Interestingly, while most of the splicing machinery components
altered during the dietary intervention showed similar trends and changes when the population was
separated by diets (Supplementary Figure S2), a distinct, differential response (statistically significant
effects for diet and time) was observed in the case of the splicing factors SNW1, SPFQ and NOVAI.
In particular, the observed increase in the expression of these factors was more pronounced in PBMCs
from patients under a LF diet than in those from Med diet patients (Figure 2).
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Figure 2. PBMCs expression pattern of the specific splicing machinery components after three years
of follow-up under two healthy dietary patterns (low-fat (LF) diet and Mediterranean (Med) diet).
mRNA expression levels [adjusted by a normalization factor (NF) calculated from the expression level
of GAPDH and ACTB] of specific spliceosome components and splicing factors in the PBMCs from all
the participants included in the study. Values represent the mean + SEM. Asterisks indicate values that
significantly differ from non-T2DM subjects (t-test: *, p < 0.05; ***, p < 0.001).

3.3. The Expression Pattern of Specific Splicing Machinery Components Was Differentially Modulated by
Dietary Intervention in Incident-T2DM Cases and Non-T2DM Controls

After dietary intervention, 107 participants had developed T2DM (Incident-T2DM) [32],
while 108 participants who did not develop T2DM were considered as non-T2DM control
individuals [10]. The expression of some of the previously mentioned spliceosome components
and splicing factors was differentially altered in the PBMCs of patients who developed T2DM after
a median follow-up of 60 months compared to non-T2DM subjects. Specifically, RNU12 was clearly
increased in non-T2DM controls as compared to incident-T2DM patients (Figure 3A). On the other
hand, ESRP1 and RNU6 were markedly increased, and SRSF6 reduced, in Incident-T2DM patients,
while no such changes were observed in non-T2DM subjects (Figure 3B). Of note, SRSF6 decrease was
directly correlated with the decrease in HbA1lc levels observed in Incident-T2DM patients during the
follow-up (p: 0.227; p: 0.047). In addition, we observed that NOVA1 and RNU4ATAC were significantly
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altered both in Incident-T2DM cases and non-T2DM controls; however, the increase of NOVAI was
clearly more pronounced in Incident-T2DM cases, wherein it inversely correlated with HOMA-IR
(p: —0.245; p: 0.028), while the increase of RNU4ATAC was more pronounced in non-T2DM controls
(Figure 3C).
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Figure 3. PBMCs expression pattern of specific splicing machinery components after three years of
follow-up in non-T2DM and incident-T2DM subjects. Splicing machinery components altered in
non-T2DM subjects (A), incident-T2DM subjects (B) or both (C). mRNA expression levels [adjusted
by a normalization factor (NF) calculated from the expression level of GAPDH and ACTB] of specific
spliceosome components and splicing factors in the PBMCs from all the participants included in
the study. Values represent the mean + SEM. Asterisks indicate values that significantly differ from
non-T2DM subjects (t-test: *, p < 0.05; **, p < 0.01; ***, p < 0.001).

Of the non-T2DM subjects, at the beginning of the study, 51 had been randomly assigned to the LF
diet and 57 to the Med diet, while from Incident-T2DM patients, 42 had been initially assigned to the
LF diet and 65 to the Med diet (Supplementary Figure S1 and Tables S4 and S5). When analyzing the
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expression pattern according to the diabetic status and the dietary group, several differences emerged
between groups. In particular, RNU12, which was more increased in non-T2DM subjects after the
three years of follow-up (Figure 3A), seemed to be especially stimulated under the LF diet, although
it did not reach statistical significance (Figure 4A). On the other hand, the differences observed in
the splicing factor ESRP1 and RNU6 between non-T2DM controls and Incident-T2DM patients were
stronger under the Med diet and LF diet, respectively (Figure 4B); while changes in SRSF6 were similar
in study subjects under both dietary interventions. Finally, the increase in NOVAI was strikingly
more pronounced under the LF diet than under the Med diet in Incident-T2DM patients, whereas the
increase in RNU4ATAC was more obvious in the Med diet group in non-T2DM controls (Figure 4C).
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Figure 4. PBMCs expression pattern of specific splicing machinery components after three years of
follow-up in non-T2DM and incident-T2DM subjects under two healthy dietary patterns (LF diet
and Med diet). Splicing machinery components altered in non-T2DM subjects (A), incident-T2DM
subjects (B) or both (C). mRNA expression levels (adjusted by a normalization factor (NF) calculated
from the expression level of GAPDH and ACTB) of specific splicecosome components and splicing
factors in the PBMCs from all the participants included in the study. Values represent the mean + SEM.
Asterisks indicate values that significantly differ from non-T2DM subjects (t-test: *, p < 0.05; **, p < 0.01;
#** p < 0.001).

4. Discussion

This study represents, to the best of our knowledge, the first comprehensive analysis of the
regulatory role of healthy dietary interventions on the expression of the components of the splicing
machinery, including spliceosome elements and splicing factors. This study was implemented using
PBMCs from CVD patients at high risk of T2DM development included in the CORDIOPREYV trial,
in that we have previously demonstrated that the expression pattern of certain splicing machinery
components is associated with the risk of T2DM development and could accurately predict this
development in individuals with coronary heart disease [10].



Nutrients 2020, 12, 3528 9of 14

Our present study provides primary evidence that a dietary intervention can distinctly alter
the expression pattern of the splicing machinery, both spliceosome components and splicing factors,
in CVD patients at high risk of T2DM. In particular, these results demonstrate that the consumption
of two healthy diets (Med diet and LF diet) during three years can modulate the expression pattern
of key spliceosome components and splicing factors in PBMCs from the patients enrolled in the
CORDIOPREV study, including the overexpression of some molecular components, like SPFQ, RBM45,
RNUBG, etc. and the downregulation of others, including RNU2 and SRSF6. Interestingly, some of
the changes observed in the expression levels of certain splicing machinery components were closely
associated with relevant biochemical parameters and clinical features, as is the case of the increase in
the expression levels of the splicing factor SPFQ, which was inversely correlated with the decrease in
HOMA-IR and HIRI indexes observed in the population.

The finding of a diet-related long-term modulation of the expression of the splicing machinery
components could represent a novel valuable piece of information for two reasons. First, because
it unveils that the splicing process may represent an adaptive mechanism in response to different
nutritional conditions, and that this mechanism could be in place not only in circulating PBMCs but may
also operate in cell types from other tissues and organs tightly coupled to nutrient-dependent metabolic
homeostasis (e.g., liver, pancreas, adipose tissue), an avenue that is indeed worth exploring. Actually,
we and others have already discovered the delicate and important role that the regulation of the splicing
machinery can play in those organs [10,18,33-35]. Secondly, inasmuch as PBMCs can be an accessible
and suitable sentinel to detect relevant changes related to nutrient- and diet-dependent metabolic
homeostasis, our current results support the idea that changes in the expression of key splicing
machinery components could provide a fine screening marker for the development or progression
of T2DM and their diet-related dynamics. Indeed, within the CORDIOPREYV study, the long-term
intake of a Med diet, rich in olive oil, or a LF diet similarly improved insulin sensitivity and beta-cell
function [7] and, therefore, the increase in the expression of specific splicing factors found herein
under both diets, and their inverse correlation with insulin resistance indexes, strongly suggest that
the molecular changes might be related to the beneficial consequence of consumption of a healthy
diet. Furthermore, the dynamic, concomitant changes in expression observed suggest that splicing
factors and, hence, the alternative splicing process, could represent novel elements within the complex
mechanisms linking healthy dietary intervention and the improvement of patients” metabolic status
and the consequent protection from cardiovascular complications. Given the very scarce information
available on the functional roles and implications of many of the molecules identified in the present
study to be altered in PBMCs (e.g., SPFQ, RBM45, RNU6, etc.), the present findings open novel,
unexplored avenues in this field of research.

One of the findings from this study that we consider most noteworthy is that the diet-induced
alterations in the splicing machinery of PBMCs was independent of the type of healthy diet in which
CORDIOPREYV participants were enrolled (Med diet or LF diet), except for three splicing factors (SNW1,
SPFQ and NOVATI) that showed a more pronounced modulation in patients under the LF diet. To date,
and to the best of our knowledge, no data were reported regarding the influence of diet intervention in
the modulation of the expression of SNW1, SPFQ and NOVA1. However, some of these factors have
been described to contribute to the alternative splicing of key genes whose splicing processing changes
in response to a fatty diet [34]. In particular, NOVA1 expression has been shown to be modulated under
high-fat diet-induced obesity and to be responsible for the regulation of the splicing process of key
genes under these conditions [34]. Of note, it has been proposed that NOVA1 is a master regulator of
alternative splicing in pancreatic beta cells, where it controls the expression of key genes involved in
insulin transcription and secretion [36]. Conversely, to date, the regulation and possible role of this
splicing factors in PBMCs have not been explored in detail.

Previously, several studies have shown that PBMCs’ gene expression pattern is influenced by the
diet [25-28] and that this might reflect changes related to both metabolic and immune responses [29,30].
In addition, it has been demonstrated that the splicing process of key regulatory proteins for metabolic
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homeostasis, like the receptors for insulin or leptin, can be markedly influenced by nutrient metabolism,
directly or indirectly [24,37]. Thus, it seems reasonable to think that those splicing-related changes
would rely on upstream changes in the function of the machinery responsible for generating the splice
variants. However, little or nothing is known in this regard in PBMCs, for there are no reports on
how diet can influence the expression of the components of the spliceosome and the splicing factors,
which altogether are responsible of the modulation of the splicing process. Nevertheless, in this
context, some studies have highlighted that nutritional status can induce changes in the activity of
serine-arginine (SR) proteins [38], an important family of splicing factors, further supporting the
contention that different nutrients may be able to modulate the expression of metabolic genes at the
level of its splicing processing. Specifically, it has been shown that insulin signaling can up-regulate
the expression of the splicing factor SRSF1 in pancreatic beta cells, inducing the splicing of the insulin
receptor to generate the INSR-B isoform [39]. The same study also found a regulation of the protein
levels of the splicing factor MBNL1 by high glucose levels. In addition, other splicing factors belonging
to the SR proteins family, SRSF2, are decreased under a vitamin E-deficient diet in the liver [40].
Thus, although still limited, the evidence is growing, and by inclusion of the results from this study,
pointing to a link between diet and nutrient and regulation of the splicing process, including its
underlying operating machinery.

Another intriguing implication of our present results relates to the predictive capacity of
studying changes in the splicing machinery in at-risk patients. To be more specific, nutrient-induced
changes in specific splicing machinery components may provide hints on the predictive potential
and possible functional correlation of key molecules, which had not been explored hitherto in this
regard. Thus, within this study, regardless of the type of dietary intervention, the expression of
some of the splicing factors studied was differentially altered in patients that develop T2DM after
the 5 years of the study compared to non-T2DM subjects. For example, RNU12, a component of the
minor spliceosome, showed a significant increase after the 3 years of dietary intervention in non-T2DM
controls. Interestingly, we have previously described how the expression of this small nuclear RNA
(snRNA), which is essential to form U12 snRNP and carry out the appropriate splicing of type 12
introns [41], was lower, at baseline (inclusion of the study), in Incident-T2DM compared to non-T2DM
subjects and that this was associated with the risk of T2DM development [10]. Therefore, since lower
expression levels of RNU12 were associated with a higher risk of T2DM, it is reasonable to infer that
the dietary-induced increase in the expression of this component in non-T2DM might be related to
the protective effects of the healthy dietary consumption. In support to this notion, in that same
study, a 4 h-incubation with baseline postprandial serum from Incident-T2DM patients induced a
significant reduction of RNU12 expression compared to non-T2DM treated PBMCs from healthy
patients [10]. Therefore, from a more general standpoint, it can be proposed that modulation of the
expression of specific spliceosomal components may represent a link between dietary intervention
and beneficial effects on the patient metabolic status. Remarkably, the difference in RNU12 expression,
at year 3, between incident patients and non-T2DM subjects, was more pronounced under the LF
diet. Thus, although the possible mechanisms linking nutrient-induced changes in the splicing
machinery, their functional consequences and the regulatory implications are still to be fully elucidated,
our present study provides supportive evidence to further explore both the mechanistic/functional
and the predictive components of this plausible link, for it may provide original, valuable biological
knowledge as well as practical information for the patients.

This study has strengths and limitations. Among the latter, it should be mentioned that (1) the
analyses of the expression patterns of key splicing machinery elements was carried out in the
heterogeneous PBMC population, but not in specific cell types; (2) the sample sizes of T2DM patients
and non-T2DM controls were relatively small; and (3) the non-T2DM subjects analyzed were CVD
patients within the CORDIOPREYV study and, therefore, were not non-T2DM healthy controls. On the
other hand, one of the strengths of our work derives from its nested case-control study nature,
which enabled both the T2DM patients and non-T2DM subjects to be sampled from the longitudinal
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CORDIOPREYV study. Also, expression patterns of a wide array of spliceosome components and
splicing factors were studied.

In conclusion, this study reveals that expression of the splicing machinery components in PBMCs
from CVD patients at risk of T2DM can be notably and selectively influenced by long-term dietary
intervention; also, that the two dietary interventions tested herein, Med diet and LF diet, induced
remarkably similar changes on the expression of spliceosome components; and, finally, that there
are distinct, diet type-induced changes in PBMCs from both non-T2DM and incident-T2DM patients,
that may have an as yet unknown functional significance. Therefore, we propose that the machinery
that controls and performs the alternative splicing process, which is consequently responsible for
changes in the pattern of functionally and pathologically relevant splice variants involved in the
regulation of metabolic homeostasis, is a plausible target to be operated by dietary intervention.
As such, our results pave the way to explore in experimental models the possible mechanistic role and
relevance of the splicing machinery and its components in diet-related metabolic regulation, and to
investigate the value of screening changes in specific splicing machinery components to monitor and
predict early the relevant diet-related changes in CVD patients at risk of T2DM.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/11/3528/s1,
Figure S1: Graphical scheme of the study timeline and participant selection, Figure S2: PBMCs expression pattern
of specific splicing machinery components after three years of follow-up under two healthy dietary pattern (LF
Diet and MedDiet), Table S1: Demographic and metabolic characteristics of the study cohort (n = 215 patients) at
baseline and after three years of follow-up, Table S2: Demographic and metabolic characteristics of the study
cohort (n = 215 patients) at baseline, separated by dietary intervention (Low fat diet vs. Med diet), Table S3:
Demographic and metabolic characteristics of the study cohort (n = 215 patients) at baseline and after three years
of follow-up, separated by dietary intervention (Low fat diet vs. Med diet), Table S4: Demographic and metabolic
characteristics after three years of follow-up of Non-T2DM cases under LF Diet and Mediterranean Diet, Table S5:
Demographic and metabolic characteristics after three years of follow-up of Incident-T2DM cases under LF Diet
and Mediterranean Diet.

Author Contributions: M.d.R.-M. contributed to the design of the work, literature search, acquisition, analysis,
and interpretation of the data, drafting and revising the work and final approval of the manuscript. RM.L.
contributed to the conception and design of the work, literature search and interpretation of the data, drafting
and revising the work and final approval of the manuscript. O.A.R.-Z. contributed to the conception and design
of the work, analysis and interpretation of the data, drafting and revising the work and final approval of the
manuscript. E.A.-P. contributed to the acquisition and analysis of the data, drafting the work, and final approval of
the manuscript. J.EA.-D. contributed to the conception and design of the work, acquisition and analysis of the data
and final approval of the manuscript. I.R.-R. contributed to the conception and design of the work, acquisition of
the data and final approval of the manuscript. A.C. contributed to the conception and design of the work, analysis
and interpretation of the data, drafting and revising the work and final approval of the manuscript. M.D.G.
contributed to the conception and design of the work, literature search, acquisition, analysis, and interpretation
of the data, drafting and revising the work and final approval of the manuscript. J.L.-M. contributed to the
conception and design of the work, literature search and interpretation of the data, revising the work and final
approval of the manuscript. ]J.P.C. contributed to the conception and design of the work, literature search and
interpretation of the data, revising the work and final approval of the manuscript. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by Instituto de Salud Carlos III, co-funded by European Union (ERDF/ESFE,
“Investing in your future”) [PIE14/00005, PIE14/00031, PI16/00264, CP15/00156, PI17/002287], MINECO
(BFU2016-80360-R, TIN2017-83445-P, PI13/00023, AGL2012/39615, AGL2015-67896-P), Junta de Andalucia
(BIO-0139, CTS-1406, CTS-525, PI-0541-2013, CVI-7450) and CIBERobn. CIBER is an initiative of Instituto
de Salud Carlos III, Ministerio de Sanidad, Servicios Sociales e Igualdad, Spain. The CORDIOPREYV study is
supported by the Fundacién Patrimonio Comunal Olivarero, Junta de Andalucia (Consejeria de Salud, Consejeria
de Agricultura y Pesca, Consejeria de Innovacion, Ciencia y Empresa), Diputaciones de Jaén y Cérdoba, Centro de
Excelencia en Investigacion sobre Aceite de Oliva y Salud and Ministerio de Medio Ambiente, Medio Rural y
Marino, Gobierno de Espafia.

Conflicts of Interest: The authors declare no conflict of interest.


http://www.mdpi.com/2072-6643/12/11/3528/s1

Nutrients 2020, 12, 3528 12 of 14

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

World Health Organization. Global Status Report on Noncommunicable Diseases 2014; World Health Organization:
Geneva, Switzerland, 2014.

American Diabetes Association. 2. Classification and diagnosis of diabetes: Standards of medical care in
diabetes-2019. Diabetes Care 2019, 42, S13-528. [CrossRef]

Garcia-Rios, A.; Ordovas, ].M.; Lopez-Miranda, ].; Perez-Martinez, P. New diet trials and cardiovascular risk.
Curr. Opin. Cardiol. 2018, 33, 423-428. [CrossRef] [PubMed]

Pérez-Jiménez, F.; Ordovas, ].M.; Garcia-Rios, A.; Delgado-Lista, J.; Delgado-Casado, N.; Cruz-Teno, C.;
Camargo, A.; Yubero-Serrano, E.M.; Rodriguez, F.; Perezjimenez, F. Consumption of diets with different type
of fat influences triacylglycerols-rich lipoproteins particle number and size during the postprandial state.
Nutr. Metab. Cardiovasc. Dis. 2011, 21, 39-45. [CrossRef] [PubMed]

Salas-Salvado, J.; Martinez-Gonzalez, M. A.; Bullo, M.; Ros, E. The role of diet in the prevention of type 2
diabetes. Nutr. Metab. Cardiovasc. Dis. 2011, 21 (Suppl. 2), B32-B48. [CrossRef] [PubMed]

Delgado-Lista, J.; Perez-Martinez, P.; Garcia-Rios, A.; Diaz, ].F.A.; Perez-Caballero, A.I; Delgado-Lista, J.;
Fuentes, F; Quintana-Navarro, G.; Lopez-Segura, F.; Ortiz-Morales, A.M.; et al. CORonary Diet Intervention
with Olive oil and cardiovascular PREVention study (the CORDIOPREV study): Rationale, methods,
and baseline characteristics: A clinical trial comparing the efficacy of a Mediterranean diet rich in olive oil
versus a low-fat diet on cardiovascular disease in coronary patients. Am. Heart J. 2016, 177, 42-50. [PubMed]
Blanco-Rojo, R.; Alcala-Diaz, J.F.; Wopereis, S.; Perez-Martinez, P.; Quintana-Navarro, G.M.; Marin, C.;
Ordovas, ].M.; Van Ommen, B.; Perez-Jimenez, F.; Delgado-Lista, J.; et al. The insulin resistance phenotype
(muscle or liver) interacts with the type of diet to determine changes in disposition index after 2 years of
intervention: The CORDIOPREV-DIAB randomised clinical trial. Diabetologia 2015, 59, 67-76. [CrossRef]
Camargo, A.; Jimenez-Lucena, R.; Alcala-Diaz, J.F; Rangel-Zuniga, O.A.; Garcia-Carpintero, S.;
Lopez-Moreno, J.; Blanco-Rojo, R.; Delgado-Lista, J.; Perez-Martinez, P.; Van Ommen, B.; et al. Postprandial
endotoxemia may influence the development of type 2 diabetes mellitus: From the CORDIOPREYV study:.
Clin. Nutr. 2018, 38, 529-538. [CrossRef]

Abbasi, A.; Peelen, L.M.; Corpeleijn, E.; van der Schouw, Y.T.; Stolk, R.P.; Spijkerman, A.M.; Moons, K.G.;
Navis, G.; Bakker, S.J.; Beulens, ].W. Prediction models for risk of developing type 2 diabetes: Systematic
literature search and independent external validation study. BM]J 2012, 345, €5900. [CrossRef]

Gahete, M.D.; del Rio-Moreno, M.; Camargo, A.; Alcala-Diaz, ].F.; Alors-Perez, E.; Delgado-Lista, J.; Reyes, O.;
Ventura, S.; Perez-Martinez, P.; Castafio, ].P; et al. Changes in splicing machinery components influence,
precede, and early predict the development of type 2 diabetes: From the CORDIOPREV study. EBioMedicine
2018, 37, 356-365. [CrossRef]

Burczynski, M.E.; Dorner, A ]. Transcriptional profiling of peripheral blood cells in clinical pharmacogenomic
studies. Pharmacogenomics 2006, 7, 187-202. [CrossRef]

Cohen, R.M.; Haggerty, S.; Herman, W.H. HbAlc for the diagnosis of diabetes and prediabetes: Is it time for
a mid-course correction? J. Clin. Endocrinol. Metab. 2010, 95, 5203-5206. [CrossRef] [PubMed]

Matera, A.G.; Wang, Z. A day in the life of the spliceosome. Nat. Rev. Mol. Cell Biol. 2014, 15, 108-121.
[CrossRef] [PubMed]

Scotti, M.M.; Swanson, M.S. RNA mis-splicing in disease. Nat. Rev. Genet. 2016, 17, 19-32. [CrossRef]
[PubMed]

Dlamini, Z.; Mokoena, E; Hull, R. Abnormalities in alternative splicing in diabetes: Therapeutic targets.
J. Mol. Endocrinol. 2017, 59, R93-R107. [CrossRef] [PubMed]

Lee, S.C.; Abdel-Wahab, O. Therapeutic targeting of splicing in cancer. Nat. Med. 2016, 22, 976-986.
[CrossRef]

Mercader, J.M.; Liao, R.G.; Bell, A.D.; Dymek, Z.; Estrada, K.; Tukiainen, T.; Huerta-Chagoya, A.;
Moreno-Macias, H.; Jablonski, K.A.; Hanson, R.L.; et al. A loss-of-function splice acceptor variant in
IGF?2 is protective for type 2 diabetes. Diabetes 2017, 66, 2903—2914. [CrossRef]

Webster, N.J.G. Alternative RNA splicing in the pathogenesis of liver disease. Front. Endocrinol. (Lausanne)
2017, 8, 133. [CrossRef]


http://dx.doi.org/10.2337/dc19-S002
http://dx.doi.org/10.1097/HCO.0000000000000523
http://www.ncbi.nlm.nih.gov/pubmed/29697543
http://dx.doi.org/10.1016/j.numecd.2009.07.008
http://www.ncbi.nlm.nih.gov/pubmed/19819118
http://dx.doi.org/10.1016/j.numecd.2011.03.009
http://www.ncbi.nlm.nih.gov/pubmed/21745730
http://www.ncbi.nlm.nih.gov/pubmed/27297848
http://dx.doi.org/10.1007/s00125-015-3776-4
http://dx.doi.org/10.1016/j.clnu.2018.03.016
http://dx.doi.org/10.1136/bmj.e5900
http://dx.doi.org/10.1016/j.ebiom.2018.10.056
http://dx.doi.org/10.2217/14622416.7.2.187
http://dx.doi.org/10.1210/jc.2010-2352
http://www.ncbi.nlm.nih.gov/pubmed/21131541
http://dx.doi.org/10.1038/nrm3742
http://www.ncbi.nlm.nih.gov/pubmed/24452469
http://dx.doi.org/10.1038/nrg.2015.3
http://www.ncbi.nlm.nih.gov/pubmed/26593421
http://dx.doi.org/10.1530/JME-17-0049
http://www.ncbi.nlm.nih.gov/pubmed/28716821
http://dx.doi.org/10.1038/nm.4165
http://dx.doi.org/10.2337/db17-0187
http://dx.doi.org/10.3389/fendo.2017.00133

Nutrients 2020, 12, 3528 13 of 14

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Gallego-Paez, L.M.; Bordone, M.C.; Leote, A.C.; Saraiva-Agostinho, N.; Ascensao-Ferreira, M.;
Barbosa-Morais, N.L. Alternative splicing: The pledge, the turn, and the prestige: The key role of alternative
splicing in human biological systems. Hum. Genet. 2017, 136, 1015-1042. [CrossRef]

Véazquez-Borrego, M.C.; Fuentes-Fayos, A.C.; Venegas-Moreno, E.; Rivero-Cortés, E.; Dios, E,;
Moreno-Moreno, P; Madrazo-Atutxa, A.; Remon, P.; Solivera, J.; Wildemberg, L.E.; et al. Splicing machinery
is dysregulated in pituitary neuroendocrine tumors and is associated with aggressiveness features. Cancers
2019, 11, 1439.

Jiménez-Vacas, ].M.; Herrero-Aguayo, V.; Gomez-Gémez, E.; Leén-Gonzalez, A.]J.; Sdez-Martinez, P.;
Alors-Pérez, E.; Fuentes-Fayos, A.C.; Martinez-Lopez, A.; Sanchez-Sanchez, R.; Gonzalez-Serrano, T.; et al.
Spliceosome component SF3B1 as novel prognostic biomarker and therapeutic target for prostate cancer.
Transl. Res. 2019, 212, 89-103.

Stumvoll, M.; Goldstein, B.].; van Haeften, T.W. Type 2 diabetes: Pathogenesis and treatment. Lancet 2008,
371, 2153-2156. [CrossRef]

Juan-Mateu, J.; Villate, O.; Eizirik, D.L. Mechanisms in endocrinology: Alternative splicing: The new frontier
in diabetes research. Eur. |. Endocrinol. 2016, 174, R225-R238. [CrossRef] [PubMed]

Ravi, S.; Schilder, R.J.; Kimball, S.R. Role of precursor mRNA splicing in nutrient-induced alterations in gene
expression and metabolism. |. Nutr. 2015, 145, 841-846. [CrossRef] [PubMed]

Yubero-Serrano, E.M.; Delgado-Casado, N.; Gomez-Delgado, F.; Perez-Martinez, P.; Tasset-Cuevas, I.;
Santos-Gonzalez, M.; Caballero-Villarraso, J.; Garcia-Rios, A.; Marin, C.; Gutierrez-Mariscal, FM.; et al.
Postprandial antioxidant effect of the Mediterranean diet supplemented with coenzyme Q10 in elderly men
and women. Age 2011, 33, 579-590. [CrossRef] [PubMed]

Yubero-Serrano, E.M.; Gonzalez-Guardia, L.; Rangelzuniga, O.A.; Delgado-Casado, N.; Delgado-Lista, J.;
Perez-Martinez, P.; Garcia-Rios, A.; Caballero, J.; Marin, C.; Gutierrez-Mariscal, FM.; et al. Postprandial
antioxidant gene expression is modified by Mediterranean diet supplemented with coenzyme Q(10) in
elderly men and women. Age 2013, 35, 159-170. [CrossRef]

de Mello, V.D.; Kolehmanien, M.; Schwab, U.; Pulkkinen, L.; Uusitupa, M. Gene expression of peripheral
blood mononuclear cells as a tool in dietary intervention studies: What do we know so far? Mol. Nutr.
Food Res. 2012, 56, 1160-1172. [CrossRef]

Gahete, M.D.; Luque, RM.; Yubero-Serrano, E.M.; Cruz-Teno, C.; Ibafiez-Costa, A.; Delgado-Lista, J.;
Gracia-Navarro, E; Perez-Jimenez, F; Castafio, ].P.; Lopez-Miranda, J. Dietary fat alters the expression of
cortistatin and ghrelin systems in the PBMCs of elderly subjects: Putative implications in the postprandial
inflammatory response. Mol. Nutr. Food Res. 2014, 58, 1897-1906. [CrossRef]

Fuchs, D,; Piller, R.; Linseisen, J.; Daniel, H.; Wenzel, U. The human peripheral blood mononuclear cell
proteome responds to a dietary flaxseed-intervention and proteins identified suggest a protective effect in
atherosclerosis. Proteomics 2007, 7, 3278-3288. [CrossRef]

Rendo-Urteaga, T.; Garcia-Calzon, S.; Gonzalez-Muniesa, P.; Milagro, FI.; Chueca, M.; Oyarzabal, M.;
Azcona-Sanjulian, M.C.; Martinez, J.A.; Marti, A. Peripheral blood mononuclear cell gene expression profile
in obese boys who followed a moderate energy-restricted diet: Differences between high and low responders
at baseline and after the intervention. Br. |. Nutr. 2015, 113, 331-342. [CrossRef]

Quintana-Navarro, G.M.; Alcala-Diaz, ].F; Lopez-Moreno, J.; Perez-Corral, I.; Leon-Acufia, A.;
Torres-Pefia, J.D.; Rangel-Zuiiiga, O.A.; De Larriva, A.P.A.; Corina, A.; Camargo, A.; et al. Long-term
dietary adherence and changes in dietary intake in coronary patients after intervention with a Mediterranean
diet or a low-fat diet: The CORDIOPREYV randomized trial. Eur. J. Nutr. 2019, 59, 2099-2110. [CrossRef]
Roncero-Ramos, I.; Jimenez-Lucena, R.; Alcala-Diaz, J.F; Vals-Delgado, C.; Arenas-Larriva, A.P;
Rangel-Zuiiiga, O.A.; Leon-Acufia, A.; Malagon, M.M.; Delgado-Lista, J.; Perez-Martinez, P; et al. Alpha cell
function interacts with diet to modulate prediabetes and Type 2 diabetes. J. Nutr. Biochem. 2018, 62, 247-256.
[CrossRef] [PubMed]

del Rio-Moreno, M.; Alors-Pérez, E.; Gonzalez-Rubio, S.; Ferrin, G.; Reyes, O.; Rodriguez-Perélvarez, M.;
Sanchez-Frias, M.E.; Sanchez-Sanchez, R.; Ventura, S.; Lopez-Miranda, J.; et al. Dysregulation of the splicing
machinery is associated to the development of non-alcoholic fatty liver disease. J. Clin. Endocrinol. Metab.
2019, 104, 3389-3402.

Vernia, S.; Edwards, Y.J.; Han, M.S.; Cavanagh-Kyros, J.; Barrett, T.; Kim, J.K.; Davis, R.J. An alternative
splicing program promotes adipose tissue thermogenesis. Elife 2016, 5, €17672. [CrossRef] [PubMed]


http://dx.doi.org/10.1007/s00439-017-1790-y
http://dx.doi.org/10.1016/S0140-6736(08)60932-0
http://dx.doi.org/10.1530/EJE-15-0916
http://www.ncbi.nlm.nih.gov/pubmed/26628584
http://dx.doi.org/10.3945/jn.114.203216
http://www.ncbi.nlm.nih.gov/pubmed/25761502
http://dx.doi.org/10.1007/s11357-010-9199-8
http://www.ncbi.nlm.nih.gov/pubmed/21170684
http://dx.doi.org/10.1007/s11357-011-9331-4
http://dx.doi.org/10.1002/mnfr.201100685
http://dx.doi.org/10.1002/mnfr.201400059
http://dx.doi.org/10.1002/pmic.200700096
http://dx.doi.org/10.1017/S0007114514003584
http://dx.doi.org/10.1007/s00394-019-02059-5
http://dx.doi.org/10.1016/j.jnutbio.2018.08.012
http://www.ncbi.nlm.nih.gov/pubmed/30336335
http://dx.doi.org/10.7554/eLife.17672
http://www.ncbi.nlm.nih.gov/pubmed/27635635

Nutrients 2020, 12, 3528 14 of 14

35.

36.

37.

38.

39.

40.

41.

Kaminska, D.; Hamaldinen, M.; Cederberg, H.; Kikeld, P.; Venesmaa, S.; Miettinen, P; Ilves, I.; Herzig, K.-H.;
Kolehmainen, M.; Karhunen, L.; et al. Adipose tissue INSR splicing in humans associates with fasting insulin
level and is regulated by weight loss. Diabetologia 2014, 57, 347-351. [CrossRef]

Villate, O.; Turatsinze, J.-V.; Mascali, L.G.; Grieco, FA.; Nogueira, T.C.; Cunha, D.A.; Nardelli, TR,;
Sammeth, M.; Salunkhe, V.A_; Esguerra, ].L.S.; et al. Noval is a master regulator of alternative splicing in
pancreatic beta cells. Nucleic Acids Res. 2014, 42, 11818-11830. [CrossRef]

Reardon, H.T.; Hsieh, A.T.; Park, W.].; Kothapalli, K.S.; Anthony, ].C.; Nathanielsz, PW.; Brenna, J.T. Dietary
long-chain polyunsaturated fatty acids upregulate expression of FADS3 transcripts. Prostaglandins Leukot.
Essent. Fat. Acids 2013, 88, 15-19. [CrossRef]

Walsh, C.M.; Suchanek, A.L.; Cyphert, T.].; Kohan, A.B.; Szeszel-Fedorowicz, W.; Salati, L.M. Serine arginine
splicing factor 3 is involved in enhanced splicing of glucose-6-phosphate dehydrogenase RNA in response to
nutrients and hormones in liver. J. Biol. Chem. 2013, 288, 2816-2828. [CrossRef]

Malakar, P.; Chartarifsky, L.; Hija, A.; Leibowitz, G.; Glaser, B.; Dor, Y.; Karni, R. Insulin receptor alternative
splicing is regulated by insulin signaling and modulates beta cell survival. Sci. Rep. 2016, 6, 31222. [CrossRef]
Malatesta, M.; Bertoni-Freddari, C.; Fattoretti, P.; Baldelli, B.; Fakan, S.; Gazzanelli, G. Aging and vitamin E
deficiency are responsible for altered RNA pathways. Ann. N. Y. Acad. Sci. 2004, 1019, 379-382. [CrossRef]
Verma, B.; Akinyi, M.V,; Norppa, A.J.; Frilander, M.J. Minor spliceosome and disease. Semin. Cell Dev. Biol.
2018, 79, 103-112. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1007/s00125-013-3097-4
http://dx.doi.org/10.1093/nar/gku861
http://dx.doi.org/10.1016/j.plefa.2012.02.003
http://dx.doi.org/10.1074/jbc.M112.410803
http://dx.doi.org/10.1038/srep31222
http://dx.doi.org/10.1196/annals.1297.067
http://dx.doi.org/10.1016/j.semcdb.2017.09.036
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Population 
	Study Diets 
	Metabolic Study Design 
	Blood Sampling and Processing to Isolate Peripheral Blood Mononuclear Cells (PBMCs) 
	RNA Extraction and Quantification 
	Analysis of Splicing Machinery Components by Microfluidic-Based Dynamic Quantitative Polymerase Chain Reaction (qPCR) Array 
	Statistical and Bioinformatical Analysis 

	Results 
	Dietary Intervention Modulated the Expression of Several Splicing Machinery Components 
	The Modulation of the Expression of Most Splicing Machinery Components Was Not Diet-Dependent 
	The Expression Pattern of Specific Splicing Machinery Components Was Differentially Modulated by Dietary Intervention in Incident-T2DM Cases and Non-T2DM Controls 

	Discussion 
	References

