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Abstract

Objective—Genes that modulate insulin sensitivity may also be involved in shaping the risk of
coronary artery disease (CAD). The relatively common 7R/B3 Q84R polymorphism (rs2295490)
has been associated with abnormal insulin signaling, endothelial dysfunction, insulin resistance,
and pro-atherogenic phenotypes. The aim of our study was to investigate the association between
low-frequency 7R/B3coding variants and CAD in patients with type 2 diabetes (T2D).

Methods—Three case-control studies for CAD from Italy and US were analyzed, for a total of
1,565 individuals, all with type 2 diabetes. Infrequent variants were identified by re-sequencing
TRIB3exons in 140 “extreme cases” and 140 “super-controls” and then genotyped in all study

subjects.

Results— 7R/B3infrequent variants (n=8), considered according to a collapsing rare variants
framework, were significantly associated with CAD in diabetic patients from Italy (n=700,
OR=0.43, 95% CI 0.20-0.91; p=0.027), but not from the US (n=865, OR==1.22, 95% CI 0.69-
2.18; p=0.49). In the Italian sets, the association was especially strong among individuals who also
carried the common R84 variant.

Conclusion—Although preliminary, our finding suggests a role of 7R/B3 low-frequency
variants on CAD among Italian patients with T2D. Further studies are needed to address the role
of TR/B3infrequent variants in other populations of both European and non-European ancestries.

Introduction

Coronary artery disease (CAD) is a leading cause of death worldwide, especially in patients
with type 2 diabetes (T2D) (1). CAD, as many other complex diseases, is under the
combined control of both genetic and environmental factors. While the latter are well known
(2), the former are only partially understood as indicated by the fact that all the frequent
variants discovered to date by genome-wide associations studies (GWAS) (3,4) account for
only a small proportion of the CAD heritability. An additional proportion of the CAD-
predisposing genetic background may be explained by low-frequency/rare variants (5-8).
However, to date, no data have been made available in support of this hypothesis among
patients with T2D - a condition characterized by high cardiovascular risk.

Insulin resistance is a well-established pathogenic factor for atherosclerosis and related
cardiovascular disorders such as CAD (9,10). Since insulin resistance (11) and CAD (3) are
both in part under genetic control, they might share some common genetic background, that
is, genes that modulate insulin sensitivity may also modulate CAD risk. Indeed, we have
recently reported that some common variants that affect insulin signaling and are associated
with insulin resistance, are also associated with major cardiovascular events (12-14).

Among these variants is a relatively common amino acid substitution (Q84R; rs2295490) in
TR/B3 - an inhibitor of insulin-stimulated Akt phosphorylation and downstream signaling
(15). This polymorphism, increasing TRIB3 inhibitory activity on insulin signaling (15-18),
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has been associated with endothelial dysfunction /in vitro (17, 19) and with several /in vivo
metabolic alterations including insulin resistance (16) and other pro-atherogenic phenotypes
(16, 19, 20).

For these reasons, TR/B3is a prime candidate in the search for low-frequency coding
variants predisposing to CAD among subjects with T2D.

Study participants

Individuals from three independent case-control studies of CAD among patients with T2D,
namely the Gargano Heart Study-cross-sectional design (GHS, n=481), the Catanzaro Study
(CS, n=219) and the Joslin Heart Study (JHS, n=865) were investigated. Briefly, patients
from the first two studies, GHS and CS, were recruited in Italy, at the Institute “Casa
Sollievo della Sofferenza” in San Giovanni Rotondo (FG) and at Magna-Graecia University
in Catanzaro, respectively. JHS participants were recruited at the Joslin Diabetes Center and
Beth Israel Deaconess Medical Center in Boston. Recruitment procedures for these three
studies have been previously described (4). Briefly, CAD-cases were patients with T2D who
had a stenosis greater than 50% in at least one major coronary artery or a main branch
thereof that was documented by cardiac catheterization or had had a previous MI. CAD-
control participants had no clinical evidence of CAD and had a normal ECG response to an
exercise treadmill test; control participants from the JHS were recruited if they were older
than 55 years and have had diabetes for more 5 years.

In all three studies, participants were non-Hispanic Whites and were diagnosed with T2D
according to the ADA 2003 criteria. Their clinical features are described in Table 1.

The study protocol and informed consent procedure were approved by the local human
subject committees. All participants gave written informed consent.

Study design

Re-sequencing of the TRIB3 coding region—The entire 7R/B3 coding region was
re-sequenced in 280 individuals from GHS by the Sanger method as previously described
(16). To increase the probability of detecting infrequent variants with biological effect (21)
(i.e. that affect the risk of CAD), we selected 140 “extreme” cases that had had an Ml (rather
than simply a coronary stenosis) and 140 super-controls who were free of CAD despite
being older than 60 years.

Genotyping of TRIB3 infrequent coding variants—Genotyping of rs200422001,
rs138380491, rs41281850, rs35051116, rs149447454, rs144632965, rs140801463,
rs374473490, was carried out at the Joslin Genetics Core in a total of 1,565 individuals from
GHS, JHS and CS by means of custom TagMan assays implemented on an ABI PRISM
7700 HT Sequence Detection System (Life, Foster City, CA). Genotyping of rs2295490 was
carried out at the Mendel Institute in 1,514 individuals, by means of custom TagMan assays
implemented on an ABI PRISM 7700 HT Sequence Detection System (Life, Foster City,

Atherosclerosis. Author manuscript; available in PMC 2016 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Prudente et al.

Page 4

CA). Genotyping quality was tested by including six blinded duplicated samples in each
384-well assay. The average agreement rate was greater than 99%.

Statistical Analysis

Results

Our discovery sample of 280 patients had 95 and 99% probability to identify 7//B3variants
with minor allele frequency (MAF) equal to 0.5 and 0.8%, respectively.

The association between each individual SNP, as well as between all SNPs considered
together (i.e. by a burden test which collapse rare variants in a genetic region into a single
burden variable) and CAD was evaluated by Fisher exact test and by logistic regression
analysis, respectively. Results were reported as odds ratios (OR) along with their 95%
confidence interval (Cl). The burden test was chosen since it is recognized as the most
powerful statistical tool when the majority of variants can be considered as pathogenic and
effects can be assumed to be in the same direction (21), as it was in our case (see results).

In the burden test, heterogeneity of 7R/B3infrequent variants effect across sets or across
strata in individual sets was tested by introducing the cross-product term (sample-by-number
of variants, strata-by-number of variants).

With a cumulative variant frequency of 5.3%, equal to that observed among controls from
our discovery sample, the entire case-control study comprising 1,565 individuals (715 cases
and 850 controls) had 80% power to detect associations with an OR as low as 1.75 (or as
high as 0.57), with a type | error (alpha) equal to 0.05.

By sequencing all 7R/B3exons in 280 subjects from the GHS, we identified 9 non-
synonymous variants. The probability of these sequence differences to be functional, based
on the most used and reliable prediction tools considered together to generate a collective
predictive score, are shown in Table 2. Eight of these variants were genotyped in all study
patients from the three samples. The remaining variant (rs146095753) was not investigated
further as the adjacent coding sequence contains additional close variants, thus impeding the
design of a custom TagMan assay.

The distributions of all infrequent variants, considered individually, in controls and cases
from each set are shown in Table 1, online supplemental material. None variant showed a
distribution that was significantly different between samples from Italy and US. In the two
Italian sets, all variants were observed among controls while only three were detected among
cases; an opposite trend was observed in the US set.

All variants except one had a MAF < 0.5% in both Italian sets. By contrast, in the US set,
rs35051116 (R153H) had a MAF of 1.62%, which is virtually identical to that reported by
the Exome Aggregation Consortium (EXAC) in 60,706 unrelated individuals from a variety
of disease-specific and population genetic studies. The same SNP had a MAF of 0.36% in
the combined Italian samples. Given the very low MAF of all SNPs, testing of HWE was not
carried out.
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When all 7R/B3variants were considered together according to a “collapsing variants”
framework (i.e. by a burden test, which allows testing the combined effect of all variants
rather than that of each variant as singly considered), these tended to be more frequent
among controls than cases in both Italian sets (GHS and CS), but not in the set from the US
(JHS) (Table 3). When the two Italian sets were pooled and analyzed together, a significant,
inverse relationship was observed between the number of 7R/B83infrequent alleles and the
probability of being a case subject (additive OR=0.43, 95% CI 0.20-0.91; p=0.027) (Table
3). By contrast, no association between TRIB3 variants and case status was found in the JHS
(additive O=1.22, 95% CI 0.69-2.18; p=0.49) (Table 3). The ORs in the Italian and US sets
were statistically different (p for ORs heterogeneity=0.03).

We then examined the interaction between TR/B3infrequent variants and the 7R/B3Q84R
SNP (i.e. rs2295490) - a frequent polymorphisms that has been repeatedly reported to affect
insulin signaling (15-18) and to be associated with insulin resistance and pro-atherogenic
related traits (16, 19, 20, 22, 23). Data for this SNP were available for most study
individuals, including 659 subjects from Italy and 855 from the JHS. No association was
observed among these individuals between 7TR/B3Q84R and CAD (OR=0.90 95% CI 0.64—
1.26, p=0.53 in the pooled Italian sets and OR=1.03 95% CI 0.77-1.37, p=0.84 in the JHS).
In the pooled Italian samples, the association between 7/R/B3infrequent variants and CAD
was statistically significant in the 203 individuals carrying the R84 allele (180 QR + 23 RR)
than among the 457 Q84/Q84 individuals (OR=0.11, 95% CIl= 0.00-0.57; p=0.019 vs.
OR=0.60, 95% CI 0.28-1.30; p=0.20; p for interaction=0.08). Although no statistical
significant was observed in either group, a difference toward a similar direction was
observed in the US set (OR=0.82, 95% CI 0.22-3.13 in 287 XR vs. OR=1.32, 95% CI 0.69-
2.52 in 568 QQ individuals).

Discussion

The main results of our study are that i) 7/R/B3infrequent variants are associated with CAD
in patients with T2D of European ancestry from Italy and that ii) this finding could not be
replicated in patients of the same ancestry from the Boston area.

It is important to note that the two Italian sets were recruited from two homogeneous
regions, both from Central-Southern Italy and only few hundred kilometers apart. By
contrast, JHS participants were from an urban area in the US, in which genetic and cultural
differences, even among individuals of European ancestry, are much more pronounced.
Although it is possible that the differences in findings between Italian and US samples were
simply due to chance, it is plausible that these were due to the different environmental
and/or genetic background of study samples.

While some data are available for the general population (5-8, 24), to the best of our
knowledge, this is the first report about the role of infrequent variants on CAD in patients
with T2D.

In an exploratory analysis, we observed that most of the protective effect of TR/B3
infrequent variants on CAD observed among Italian subjects occurs among carriers of the
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TRIB3R84 variant, which has been previously associated with abnormal insulin signaling
(15-18), insulin resistance (22, 23), and atherosclerosis-related traits (16, 19, 20). It can then
be hypothesized that 7//B83infrequent variants preferentially exert their protective effect
among individuals who are genetically predisposed to an insulin resistant, pro-atherogenic
phenotype. In a broader perspective, these data confirm the tenet that the combination of
both frequent and infrequent variants are involved in determining the risk of complex traits
(25) and extend this concept to the circumstance of a combined effect of several variants that
are harbored in the same gene.

Several limitations of our study should be acknowledged. First, the sample size used for the
sequencing stage allowed us to identify 95% of the variants with a MAF of 0.5%, but only
40% of those with a MAF of 0.1% and 25% of those with a MAF of 0.05%. Indeed, while
our study was ongoing, the EXAC reported a total of 206 TRIB3 infrequent or rare variants
among which are the nine we found. Though, 176 of them are either singleton (i.e. seen only
once; n=98) or observed in 1/100,000-1/10,000 alleles (n=78) and, therefore, unlikely to
play a significant role at population level in a highly prevalent disorders as CAD, it remains
to be established whether or not all the remaining less rare variants we have not detected in
our screening procedure (n=21) play a role on CAD among patients with T2D. In the context
of testing a larger number of variants in larger samples, it could be also possible to
concentrate only on those, which, according to bioinformatic analysis, are suggested to be
strongly functional. Second, the association stage was not powered to detect genetic effects
with ORs smaller than 1.75 (or greater than 0.57, if protective). Thus, our study had a
statistical power, which allowed us detecting an effect size, which is well below those so far
reported for the role of combined rare variants on both cardiovascular (8) and metabolic (26)
disorders. Nonetheless, larger collaborative studies would be useful not only to address the
role of 7R/B3rare variants in a more comprehensive way, but also to understand the nature
of the discrepancies between Italian and US sets observed in our study. Finally, our study
was limited to White subjects. Whether these or other infrequent variants may contribute to
CAD in other racial groups remains to be investigated.

In conclusion, although preliminary, our results indicate a role of low-frequency coding
variants in the 7R/B3gene in modulating the risk of CAD among Italian patients with T2D.
Further studies are needed to confirm these findings and determine whether they can be
extended to other populations as well as to address the role of rare variants harbored by other
genes and their possible combined effect with those we here described.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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