
T ype 2 diabetes (T2D) is a chronic metabolic dis-
ease characterized by the impairment of insulin 

secretion or insulin action.  T2D is caused by both life-
style and genetic factors.  Recent advances in genome-
wide association studies (GWASs) have revealed a num-
ber of risk genes associated with the development of 
T2D [1].  Among these genes,  Cdk5 Regulatory Subunit 
Associated Protein 1-Like 1 (CDKAL1) is one of the 
most reproducible risk genes among various ethnic 
populations [2-5].  T2D patients carrying the risk alleles 
of CDKAL1 exhibit a decrease in insulin secretion [5].  

CDKAL1 is a methylthiotransferase that catalyzes 
2-methylthio (ms2) modification at position 37 (A37) of 
cytoplasmic tRNALys(UUU) [6].  The ms2-modification 
facilitates accurate decoding of the lysine codon,  which 

is important for proinsulin biosynthesis in pancreatic 
β-cells.  Deficiency of Cdkal1 induces the mistransla-
tion of proinsulin,  which leads to a shortage of mature 
insulin and ultimately causes glucose intolerance in 
animal models [7].  In humans,  T2D-associated genetic 
variations of Cdkal1 are found in the middle region of 
intron 5.  The risk variations lead to aberrant splicing of 
CDKAL1 mRNA,  which results in decreases of both the 
CDKAL1 protein level and as its enzymatic activity [8].  
Importantly,  a decrease of CDKAL1 activity is associ-
ated with decreased insulin secretion in non-diabetic 
individuals [8 , 9].  

Interestingly,  the frequency of CDKAL1 mutation 
differs among ethnic groups.  As many as 22.4% of 
Asians carry the risk CDKAL1 alleles,  whereas only 
8.8% of Europeans carry them [9].  In line with these 
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data,  the majority of Asian T2D patients exhibit 
reduced insulin secretion without obesity [10].  For the 
treatment of these patients,  insulin secretagogues such 
as sulfonylureas and glinides have been widely used.  
Although these agents can rapidly induce insulin secre-
tion,  it is known that the long-term usage of sulfony-
lureas leads to secondary ineffectiveness due to the 
exhaustion of pancreatic β cells [11].  This phenomenon 
is particularly problematic in T2D patients with patho-
genic mutations of CDKAL1 because sulfonylureas fur-
ther amplify the translation of aberrant proinsulin in 
these patients.  Indeed,  possession of the risk haplogen-
otypes of CDKAL1 is associated with reduced response 
to sulfonylurea [12].  These results suggest that sulfony-
lureas or glinides might be unsuitable for the treatment 
of T2D patients with CDKAL1 mutations.  

In order to develop a new agent that can ameliorate 
translational deficits,  we screened a chemical library in 
cells with deficiency of 2-thio-modification in tRNA.  
We identified eperisone,  an antispasmodic agent,  
which effectively improved translation in this type of 
cellular model (manuscript in preparation).  In addi-
tion,  when eperisone was administered to mice with 
Cdkal1 knockout in pancreatic β-cells,  the drug suc-
cessfully accelerated insulin secretion and improved 
glucose intolerance in the mice (manuscript in prepara-
tion).  Eperisone has already been prescribed for 

decades in patients with muscle stiffness and pain 
worldwide.  Given the evidence,  we have launched a 
phase II clinical study to evaluate the safety and antidi-
abetic effect of eperisone in Japanese patients with T2D.

Study Design

This study is a non-randomized,  single-arm,  
open-labeled phase II trial investigating T2D patients 
with and without genetic variants of CDKAL1,  with the 
aim of examining the efficacy and safety of eperisone.  
This is a single-center trial.  Fig. 1 provides an overview 
of the study design.  

This study was approved by the Kumamoto 
University Institutional Review Board prior to study 
initiation (No. 1927 Advanced,  No. 275 Genome).  The 
study was registered with the UMIN Clinical Trials 
Registry (UMIN-CTR),  Japan (UMIN000017926).

Endpoints

The primary endpoint is the change of HbA1c levels 
during the observation period of 12 weeks.  T2D 
patients enrolled in this study will be administered 
eperisone for 12 successive weeks,  and HbA1c levels 
will be compared within T2D patient groups carrying 
risk or non-risk alleles of CDKAL1.
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Fig. 1　 Overview of the study design.



Secondary endpoints are as follows.
(1) Impact of eperisone in the correlation between 

the 2-methylthio modification level of tRNALys(UUU) and 
HbA1c levels in all enrolled patients.

(2) Effects of eperisone on glycemic control indices 
(fasting blood glucose,  1, 5-anhydroglucitol),  beta-cell 
function indices (glucose level during glucagon toler-
ance test,  HOMA-β,  proinsulin/insulin ratio),  and 
lipid metabolism indices (total cholesterol,  low-densi-
ty-lipoprotein cholesterol,  high-density-lipoprotein 
cholesterol,  triglycerides) in patients carrying risk and 
non-risk alleles of CDKAL1.

(3) Effect of eperisone on the correlation of the 
2-methylthio modification level of tRNALys(UUU) with the 
parameters measured in section (2) in all enrolled 
patients.

(4) Occurrence of adverse events,  abnormal labora-
tory test values,  and abnormal vital signs.

Eligibility Criteria

The main inclusion and exclusion criteria for 
patients are listed in Table 1.  Written informed consent 
was obtained from all patients before registration.  

Treatment Methods

An overview of this study is shown in Fig. 1.  After 
written informed consent is obtained,  blood samples of 
patients will be taken and subjected to laboratory 
screening,  including screening for the CDKAL1 geno-
type (rs7756992),  the 2-methylthio modification level of 
tRNALys(UUU),  and other T2D indices.  Eligible patients 
will then be assigned to 1 of 3 groups: a risk group,  a 
heterozygous group or a non-risk group,  depending on 
whether they carry two,  one or no risk alleles,  respec-
tively.  One month after the first screening,  eligible 
participants of all 3 groups will receive 150 mg 
(50 mg × three times after meals) eperisone daily for 12 
weeks.  Participants will visit the hospital for examina-
tions and blood tests every 4 weeks.  If participants 
show any sign consistent with the withdrawal criteria 
shown in Table 2,  the eperisone treatment will be dis-
continued.

Statistical Considerations

Based on the frequency of CDKAL1 alleles as 

described above,  the target number of participants has 
been set at 100,  including 25 participants in the 
CDKAL1 risk group,  50 participants in the CDKAL1 
heterozygous group,  and 25 participants for the CDKAL1 
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Table 1　 Patient eligibility
Inclusion criteria

1. Patients diagnosed with T2D.  
2. Age: 20-75 years.
3. T2D patients with mono or combination therapy using the  

following oral hypoglycemic agents: sulfonyl urea,  glinides,  
α-GI,  biguanides,  thiazolidinedione,  and DPP-4 inhibitors.  

4. HbA1c: 6.2-8.5%.
5. Rate of HbA1c change≦1.0%,  and no change of treatment 

for 3 months prior to the day of registration.   
6. For female patients,  agreement to use contraception during the 

period of this study.  
7. Adequate ability to understand and follow the protocol as 

judged by investigators.
8. Provision of written informed consent before any medical 

screening.

Exclusion criteria

1. Recurrent severe hypoglycemia or hypoglycemic unaware-
ness.  

2. Severe liver dysfunction.  (AST≧100IU/L,  ALT≧100 IU/L) 
3. Previous history of severe allergy to pharmaceutical products.  
4. Potential pregnancy.
5. Incapability to understand or follow the protocol due to psy-

chological illness (including moderate or severe dementia) as 
judged by investigators.  

6. Hospitalization during the period of observation.  
7. Treatment with prohibited drugs.  
8. Prescription of eperisone within 4 weeks prior to the day of 

registration.  
9. Treatment with methocarbamol.  

10. Participation in other clinical studies at the time of registra-
tion.  

11. Any conditions that investigators consider to be inappropriate 
for this study.

Table 2　 Withdrawal Criteria

1. Withdraw of consent.
2. Violation of protocol.
3. Difficulty continuing the administration of eperisone due to 

adverse events.
4. HbA1c>9.0%.
5. Severe hypoglycemia.
6. Death.
7. Loss of contact.
8. Informed by Research Ethics Committee.
9. Pregnancy.

10. Any condition that investigators consider to be grounds for 
withdrawal.



non-risk group.  The data will be analyzed using 
Windows SAS ver. 9.3 or higher,  and plotted using 
Microsoft Office Excel 2007 or a more recent version.  
Significance will be assigned to values of p< 0.05 is in the 
two-tailed test and p < 0.25 in the one-tailed test.  For 
calculation of the inter-group equilibrium regarding the 
background factors,  p values < 0.15 will be considered 
significant.

Acknowledgments　This work is supported by a Grant-in-Aid for 
Research on the Development of New Drugs from the Japan Agency for 
Medical Research and Development (AMED) (16ak0101023h0003).

In addition to the authors,  The EDIT Study Group includes: Takeshi 
Nishikawa MD PhD,  Noboru Furukawa MD PhD,  Takeshi Matsumura MD 
PhD,  Hiroyuki Motoshima MD PhD,  Tatsuya Kondo MD PhD,  Junji 
Kawashima MD PhD,  Daisuke Kukidome MD PhD,  Shinsuke Iwashita 
MD,  Motoyuki Igata MD PhD,  Norio Ishii MD PhD,  Hiroyuki Kinoshita 
MD PhD,  Shuuji Kawasaki MD PhD,  and Akiko Satou MD (Kumamoto 
University Hospital).

References

 1. Billings LK and Florez JC: The genetics of type2 diabetes: what 
have we learned from GWAS? Ann N Y Acid Sci (2010) 1212: 59-
77.

 2. Diabetes Genetics Initiative of Broad Institute of Harvard and MIT,  
Lund University,  Novartis Institutes of BioMedical Research,  
Saxena R,  Voight BF,  Lyssenko V,  Buttt NP,  de Bakker PI,  Chen 
H,  Roix JJ,  Kathiresan S,  Hirschhorn JN,  Daly MJ,  Hughes TE,  
Groop L,  Altshuler D,  Almgren P,  Florez JC,  Meyer J,  Ardlie K,  
Bengtsson Boström K,  Isomaa B,  Lettre G,  Lindblad U,  Lyon HN,  
Melander O,  Newton-Cheh C,  Nilsson P,  Orho-Melander M,  
Råstam L,  Speliotes EK,  Taskinen MR,  Tuomi T,  Guiducci C,  
Berglund A,  Carlson J,  Gianniny L,  Hackett R,  Hall L,  Holmkvist J,  
Laurila E,  Sjögren M,  Sterner M,  Surti A,  Svensson M,  Svensson 
M,  Tewhey R,  Blumenstiel B,  Parkin M,  Defelice M,  Barry R,  
Brodeur W,  Camarata J,  Chia N,  Fava M,  Gibbons J,  Handsaker 
B,  Healy C,  Nguyen K,  Gates C,  Sougnez C,  Gage D,  Nizzari M,  
Gabriel SB,  Chirn GW,  Ma Q,  Parikh H,  Richardson D,  Ricke D 
and Purcell S: Genome-wide association analysis identifies loci for 
type 2 diabetes and triglyceride levels.  Science (2007) 316: 1331-
1336.

 3. Zeggini E,  Weedon MN,  Lindgren CM,  Frayling TM,  Elliott KS,  
Lango H,  Timpson NJ,  Perry JR,  Rayner NW,  Freathy RM,  
Barrett JC,  Shields B,  Morris AP,  Ellard S,  Groves CJ,  Harries 
LW,  Marchini JL,  Owen KR,  Knight B,  Cardon LR,  Walker M,  
Hitman GA,  Morris AD and Doney AS: Wellcome Trust Case 
Control Consortium (WTCCC),  McCarthy MI and Hattersley 
AT: Replication of genome-wide association signals in UK sam-
ples reveals risk loci for type 2 diabetes.  Science (2007) 
316: 1336-1341.

 4. Scott LJ,  Mohlke KL,  Bonnycastle LL,  Willer CJ,  Li Y,  Duren WL,  
Erdos MR,  Stringham HM,  Chines PS,  Jackson AU,  Prokunina-
Olsson L,  Ding CJ,  Swift AJ,  Narisu N,  Hu T,  Pruim R,  Xiao R,  

Li XY,  Conneely KN,  Riebow NL,  Sprau AG,  Tong M,  White PP,  
Hetrick KN,  Barnhart MW,   Bark CW,  Goldstein JL,  Watkins L,  
Xiang F,  Saramies J,  Buchanan TA,  Watanabe RM,  Valle TT,  
Kinnunen L,  Abecasis GR,  Pugh EW,  Doheny KF,  Bergman RN,  
Tuomilehto J,  Collins FS and Boehnke M: A genome-wide associ-
ation study of type 2 diabetes in Finns detects multiple susceptibil-
ity variants.  Science (2007) 316: 1341-1345.

 5. Steinthorsdottir V,  Thorleifsson G,  Reynisdottir I,  Benediktsson R,  
Jonsdottir T,  Walters GB,  Styrkarsdottir U,  Gretarsdottir S,  
Emilsson V,  Ghosh S,  Baker A,  Snorradottir S,  Bjarnason H,  Ng 
MC,  Hansen T,  Bagger Y,  Wilensky RL,  Reilly MP,  Adeyemo A,  
Chen Y,   Zhou J,  Gudnason V,  Chen G,  Huang H,  Lashley K,  
Doumatey A,  So WY,  Ma RC,  Andersen G,  Borch-Johnsen K,  
Jorgensen T,   van Vliet-Ostaptchouk JV,  Hofker MH,  Wijmenga C,  
Christiansen C,  Rader DJ,  Rotimi C,  Gurney M,  Chan JC,  
Pedersen O,  Sigurdsson G,  Gulcher JR,  Thorsteinsdottir U,  Kong 
A and  Stefansson K: A variant in CDKAL1 influences insulin 
response and risk of type 2 diabetes.  Nature Genetics (2007) 39:  
770-775.

 6. Arragain S,  Garcia-Serres R,  Blondin G,  Douki T,  Clemancey M,  
Latour JM,  Forouhar F,  Neely H,  Montelione GT,  Hunt JF,  
Mulliez E,  Fontecave M and Atta M: Post-translational modifica-
tion of ribosomal proteins: structural and functional characteriza-
tion of RimO from Thermotoga maritima,  a radical S-adenosyl-
methionine methylthiotransferase.  J Biol Chem (2010) 285: 5792-
5801.

 7. Wei FY,  Suzuki T,  Watanabe S,  Kimura S,  Kaitsuka T,  Fujimura A,  
Matsui H,  Atta M,  Michiue H,  Fontecave M,  Yamagata K,  Suzuki 
T and Tomizawa K: Deficit of tRNA(Lys) modification by Cdkal1 
causes the development of type 2 diabetes in mice.  J Clin Invest 
(2011) 121: 3598-3608.

 8. Zhou B,  Wei FY,  Kanai N,  Fujimura A,  Kaitsuka T and Tomizawa 
K: Identification of a splicing variant that regulates type 2 diabetes 
risk factor CDKAL1 level by a coding-independent mechanism in 
human.  Hum Mol Genet (2014) 23: 4639-4650.

 9. Stancáková A,  Pihlajamäki J,  Kuusisto J,  Stefan N,  Fritsche A,  
Häring H,  Andreozzi F,  Succurro E,  Sesti G,  Boesgaard TW,  
Hansen T,  Pedersen O,  Jansson PA,  Hammarstedt A,  Smith U 
and Laakso M for the EUGENE2 Consortium: Single-nucleotide 
polymorphism rs7754840 of CDKAL1 is associated with impaired 
insulin secretion in nondiabetic offspring of type 2 diabetic subjects 
and in a large sample of men with normal glucose tolerance.  J 
Clin Endocrinol Metab (2008) 93: 1924-1930.

10. Abdullah N,  Attia J,  Oldmeadow C,  Scott JR and Holliday 
EG: The Architecture of Risk for Type 2 Diabetes: Understanding 
Asia in the Context of Global Findings.  Int J Endocrinol (2014):  
593982.

11. Sola D,  Rossi L,  Gian,  Schianca GPC,  Oli PM,  Bigliocca M,  
Mella R,  Corlianò F,  Fra GP,  Bartoli E and Derosa 
G: Sulfonylureas and their use in clinical practice.  Arch Med Sci 
(2015) 11: 840-848.

12. Chistiakov DA,  Potapov VA,  Smetanina SA,  Belʼchikova LN,  
Suplotova LA and Nosikov VV: The carriage of risk variants of 
CDKAL1 impairs beta-cell function in both diabetic and non-dia-
betic patients and reduces response to non-sulfonylurea and sulfo-
nylurea agonists of the pancreatic KATP channel.  Acta Diabetol 
(2011) 48: 227-235.

426 Sakakida et al. Acta Med.  Okayama　Vol.  72,  No.  4


