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Single-nucleotide polymorphisms (SNPs) in CDKAL 1 have been associated with the development of type 2 dia-
betes (T2D). CDKAL1 catalyzes 2-methylthio modification of adenosine at position 37 of tRNA-YS(UUU). A deficit
of this modification causes aberrant protein synthesis, and is associated with impairment of insulin secretion in
both mouse model and human. However, it is unknown whether the T2D-associated SNPs in CDKAL1 are asso-
ciated with downregulation of CDKAL1 by regulating the gene expression. Here, we report a specific splicing
variant of CDKAL1termed CDKAL1-v1 that is markedly lower in individuals carrying risk SNPs of CDKAL1.
Interestingly, CDKAL 1-v1 is a non-coding transcript, which regulates the CDKAL1 level by competitive binding
to a CDKAL 1-targeting miRNA. By direct editing of the genome, we further show that the nucleotides around the
SNP regions are critical for the alternative splicing of CDKAL 1-v1. These findings reveal that the T2D-associated
SNPsin CDKAL 1reduce CDKAL 1-v1levels by impairing splicing, which in turn increases miRNA-mediated sup-
pression of CDKAL1. Our results suggest that CDKAL 1-vi1-mediated suppression of CDKAL 1 might underlie the

pathogenesis of T2D in individuals carrying the risk SNPs.

INTRODUCTION

Recent advances in genome-wide association studies have success-
fully revealed anumber of loci associated with susceptibility to type
2 diabetes (T2D) (1 —4). Among these risk loci, the Cdk5 Regulator
Subunit Associated Protein 1-Like 1 (CDKALI) locus is one of the
most reproducible loci in European and Asian populations (5). Indi-
viduals carrying T2D-associated single-nucleotide polymorphisms
(SNPs) in CDKALI show impaired insulin secretion and up to a
2-fold increase in the risk of T2D (1). We showed that Cdkall is a
mammalian methylthiotransferase that catalyzes the 2-methylthio
(ms?) modification of N6—threonyl-carbamoyladenosine (t°A) to
produce 2-methylthio-N°-threonyl-carbamoyladenosine (ms’t°A)
at position 37 of tRNA™S(UUU) (6). The ms*modification of
tRNA™S(UUU) is critical for the accurate decoding of the
lysine codons AAA and AAG by stabilizing the codon—anticodon
interaction (7). The precise decoding of the lysine codon by
ms”-modification was particularly important for proinsulin syn-
thesis, because a lack of Cdkall significantly compromised the
proper translation and processing of proinsulin (7). As a result,
the Cdkall knockout mice showed impaired insulin secretion

and glucose metabolism. Furthermore, the downregulation of
2-methylthio modification level was also associated with
impaired insulin secretion and T2D risk in human (8). Taken
together, these results suggest that 2-methylthio modification
in tRNA™S(UUU) by Cdkall is critical for precise protein syn-
thesis and the development of T2D.

In contrast to the discovery of molecular function of CDKAL1
and its pathological relevance, there remains fundamental ques-
tion whether there is a correlation between the T2D-associated
SNPs in CDKALI with the regulation of the CDKALI gene.
Like most of disease-related SNPs, T2D-associated SNPs in
CDKALI are located in deep intronic region (9). These intronic
regions are neither conserved across species, nor do these
regions contain predictable regulatory elements (1). Because
of these obstacles, how the T2D-associated SNPs in CDKALI
would affect gene function and lead to the development of
T2D remains unknown.

In the present study, we investigated the functional role of
T2D-associated SNPs in CDKALI and showed that the SNPs
were actively involved in the regulation of cellular CDKALI1
levels through a unique post-transcriptional mechanism.
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