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Abstract

Introduction. Sulfonylureas (SUs) are commonly used drugs for type 2 diabetes mellitus (T2DM) in the Philippines. This 
study aimed to associate genetic variants with poor response to gliclazide and glimepiride among Filipinos. 

Methodology. Two independent, dichotomous longitudinal substudies enrolled 139 and 113 participants in the gliclazide 
and glimepiride substudies, respectively. DNA from blood samples underwent customized genotyping for candidate 
genes using microarray. Allelic and genotypic features and clinical associations were determined using exact statistical 
methods.

Results. Three months after sulfonylurea monotherapy, 18 (13%) were found to be poorly responsive to gliclazide, while 
7 (6%) had poor response to glimepiride. Seven genetic variants were nominally associated (p<0.05) with poor gliclazide 
response, while three variants were nominally associated with poor glimepiride response. For gliclazide response, 3 
carboxypeptidase-associated variants (rs319952 and rs393994 of AGBL4 and rs2229437 of PRCP) had the highest 
genotypic association; other variants include rs9806699, rs7119, rs6465084 and rs1234315. For glimepiride response, 
2 variants were nominally associated: CLCN6-NPPA-MTHFR gene cluster – rs5063 and rs17367504 – and rs2299267 
from the PON2 loci. 

Conclusion. Genetic variants were found to have a nominal association with sulfonylurea response among Filipinos. 
These findings can guide for future study directions on pharmacotherapeutic applications for sulfonylurea treatment in 
this population.
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INTRODUCTION 

Despite the availability of new drugs, sulfonylureas (SU) 
remain one of the most prescribed drugs in the treatment 
of type 2 diabetes mellitus (T2DM).1 Because of its 
relatively low price and availability, it is popular in low-
resource countries like the Philippines, where local health 
centers and diabetes clubs distribute SUs through the 
Department of Health’s Philippine Package of Essential 
NCD Intervention (Phil PEN) program. 

However, despite patient compliance, SUs may fail 
to regulate high sugar levels among T2DM patients. 
In one study, there was a 21.3% monotherapy failure 
in Korean patients taking SUs.2 Meanwhile among 
Filipino patients, a study showed that only 15% of those 
taking oral hypoglycemic agents (OHAs) achieved the 
American Diabetes Association (ADA) HbA1c target of 
<7.0%,3 suggesting that Filipinos may have some degree 
of resistance towards OHAs. While this survey did not 
exclusively focus on SUs, given the mentioned availability 
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known gene associated with therapeutic response to SUs 
exhibited varying risk alleles among German, Chinese, and 
Indian populations.12,13 In another case, Japanese patients 
with a mutant-type allele of the CYP2C9 gene showed a 
better response to glimepiride compared with the wild-
type allele.14 On the other hand, in Chinese T2DM patients, 
CYP2C19 genetic polymorphisms are the more likely 
determinants of gliclazide response instead of CYP2C9.15

However, there are no known studies that looked at 
genetic variants and their association with SU resistance 
among Filipinos. Although there were other variants that 
were associated with SU use, interethnic variability makes 
it pertinent to perform a separate study for Filipinos, 
who are underrepresented in the previous studies. 
Most studies were done on non-Filipino populations, 
mainly Caucasians, Blacks, Han Chinese, and even South 
Asians. We also reviewed the status of Malays, with little 
success. No documentation on specific targeting of Malay 
individuals was known to the authors. Thus, the current 
study investigated the association of genetic variants 
with treatment response to gliclazide and glimepiride. 
Among the SUs, the present study selected gliclazide and 
glimepiride because of their improved insulin release and 
diminished side effects such as hypoglycemic episodes 
and weight gain compared with older generation SUs.

The study results may aid in the creation of health policies 
for prescribing SUs to patients with T2DM. The findings 
may also serve as a first step in the development of test 
kits for personalized medicine to attain therapeutic targets.

METHODOLOGY
 
Study design and enrollment of participants

The study was implemented in compliance with the Uni-
versity of the Philippines Manila – Research Ethics Board  
(Study Protocol Code: UPMREB-2012-0187-NIH). Volunteer 
participants were enrolled from March 2014 to January 
2019 from different institutions in the Philippines, such 
as Philippine General Hospital in Manila, Corazon Locsin 
Montelibano Memorial Regional Hospital in Bacolod City, 
Southern Philippines Medical Center in Davao City, and 
other government hospitals, health centers, and private 
clinics in Metro Manila and nearby provinces. 

Screening of participants in this case-control study was 
performed following the inclusion and exclusion criteria 
(Figure 1 ). The study population is composed of adults (>18 
years old) Filipinos with at least 3 generations of Filipino 
ascendancy. Screening involved baseline laboratory 
tests for fasting blood sugar (FBS), glycated hemoglobin 
(HbA1c), fasting serum insulin, C-peptide, alkaline 
phosphatase, aspartate aminotransferase (AST), alanine 
aminotransferase (ALT) and serum creatinine.

Included participants were started on either gliclazide or 
glimepiride following the study’s treatment algorithm 

of these drugs to Filipinos, it can be inferred that some 
variability may also be due to SU. Moreover, in a study 
that followed progressive up-titration using gliclazide 
modified release (gliclazide MR), 35% of the participants 
did not reach the desired HbA1c level.4 On the other 
hand, glimepiride is usually found to be less effective than 
other OHAs or administered in combination with other 
drugs to reach the ADA standard of glucose level.5-7

Genetics can influence an individual’s responsiveness to 
sulfonylureas. Variants of genes such as TCF7L2 (trans-
cription factor 7 like 2 gene), ABCC8 (ATP binding cassette 
subfamily C member 8 gene), encoding the sulfonylurea 
receptor 1, KCNJ11 (potassium inwardly rectifying channel 
subfamily J member 11 gene), CYP2C9 (cytochrome P450 
family 2 subfamily C member 9 gene), and CYP2C19 
(cytochrome P450 family 2 subfamily C member 19 
gene) have been previously linked with gliclazide and 
glimepiride response.8-11

Nonetheless, interethnic differences may infer genetic 
variation in the trait of interest. For instance, TCF7L2, a well-

Inclusion Criteria
Filipino adults, 18 years old 
and above with T2DM
•	 Newly diagnosed (less 

than 3 years) by an 
attending doctor

•	 Documented finding of 
either FBS 126–225 mg/dl 
or HbA1c 6.5-10.5%

•	 Drug-naïve or started on 
lowest dose of glimepiride 
or gliclazide but stopped 
taking medications for 
at least 4 weeks

Exclusion Criteria
•	 Previously diagnosed with T1DM
•	 Previously used 

maintenance insulin
•	 Currently pregnant or lactating
•	 Acute illness within past month
•	 Use of systemic steroids 

within the past 3 months
•	 Abuse of addictive substances 

within the past 3 months
•	 Suffering from malignancy or 

disease-free for less than 5 years
•	 Diagnosed with CHF NYHA 

FC III-IV or CKD Stages 3-5

Excluded
•	 AST, ALT or Alkaline phosphatase 

elevation greater than three 
times the upper limit of normal

•	 C-peptide <0.8 ng/ml
•	 eGFR <60 ml/min/1.73m2

Baseline Laboratory Tests
•	 AST, ALT
•	 Alkaline phosphatase
•	 Serum creatinine
•	 Serum insulin, C-peptide

Consultation with Clinicians

Started on Sulfonylureas

Figure 1. Flowchart of participant enrollment and follow-up.

Statistical analysis and genetic counseling

Glimepiride

Monitor FBS and 
HbA1c every 4 weeks

Assess control and adjust 
dose appropriately

Gliclazide

Monitor FBS and 
HbA1c every 4 weeks

Responder ResponderNon-responder Non-responder

Assess control and adjust 
dose appropriately
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Victoria, Australia) following manufacturer instructions. 
Eluted DNA was quantified using the NanoDrop 2000 
spectrophotometer (Thermo Fisher Scientific, MA, USA) 
at 260 nm. DNA samples with an A260/280 of between 1.7 to 
2.0, and a minimum concentration of 50 ng/ul were stored 
at -20°C until microarray genotyping. 

Genotyping

The customized bead chips included 2,842 variants that were 
associated with various conditions, treatment responses, 
and adverse effects of various drugs, including those 
related to T2DM and SUs. These variants were researched 
extensively from different sources, such as Pharmaco-
genetics Knowledgebase (PharmGKB) (Thorn et al., 2013),18 
National Human Genome Research Institute Genome-wide 
Association Study (NHGRI GWAS Catalog),19 PubMed, 
and selected patent databases such as Patentscope and 
Espacenet Variants with odds ratios (ORs) greater than 
2.5 or less than 0.40 were preferentially included because 
of their perceived clinical relevance; variants with less 
established ORs were also included to assess their frequency 
in the local population. The selected SNPs were submitted 
to Illumina, Inc. for scoring to estimate their specificity 
and determine if the variants will be able to discriminate 
between responders and poor responders.

The variants were interrogated using Illumina iSelect 
Infinium Beadchip customized genotyping microarray 
(Illumina, CA, USA) using the manufacturer’s prescribed 
procedures. Beadchips were scanned using an Illumina 
HiScan microarray scanner.

GenomeStudio v2.0 and gPlink v2.05.10 were used to 
evaluate the quality of sample data and for quality control. 
Variants with call frequencies of more than or equal to 
95% were included in the study. Participants with an 
individual missingness rate (MIND) of more than 5% were 
excluded from further analysis. Other tests performed 
to exclude SNPs include frequency tests (minor allele 
frequency (MAF) <1%), genotype missingness rate (GENO) 
>5%, and Hardy-Weinberg equilibrium test (significant 
among controls >0.001). 

Statistical analyses

For the clinical data, comparison of categorical variables 
used chi-square tests or Fisher exact test, as appropriate. 
For comparison between 2 quantitative variables, an 
independent t-test was performed.

Description of variants and associated genes were taken 
from http://genome.ucsc.edu (accessed April 20, 2022).20

Allelic and genotypic characteristics were assessed using 
gPlink v2.05.10. To test for allelic and genotypic association 
in a small sample set, the non-parametric Fisher-Irwin 
exact test was used. Correcting for multiple testing was 
done via the computation of q values. 

and administered by the attending physician. Medication 
adherence was assessed on the day of follow-up and 
computed as follows: (number of packets consumed/ 
number of packets prescribed) multiplied by 100%. 
Responders were defined as those whose HbA1c levels 
changed by more than or equal to 0.5% (absolute value 
difference) from baseline after 3 months of treatment, while 
poor responders were those whose HbA1c changed less 
than 0.5% from baseline after 3 months of treatment.16,17 

The initial estimates for the minimum sample sizes were 
done by assuming a recessive model (as this model typically 
requires the largest sample sizes), an odds ratio of >2.5 (risk) 
or <0.4 (protective, an alpha of 0.05, and power of 80%), with 
a 1:2 case-control ratio. We recognize the limitation of alpha 
errors in the setting of multiple testing. To overcome this 
limitation, the conservative Bonferroni adjusted p-value 
<0.05 correction was initially considered. However, the 
study did not reach the estimated sample sizes due to 
the few prospective participants passing the screening 
criteria. The study screened more than 17,000 participants 
to come up with the present numbers. In particular, there 
were challenges in recruiting drug naive T2DM cases and 
those who were not on medication for the past 3 months.

Thus, in this study, the practical q value for all allelic 
and genotypic results for all variants is 1, and thus we 
are not able to reject the likelihood that the results are 
false positives. Nonetheless, we expect results using 
both nominal statistical inference and sensible biological 
insights, although with caution and reservation. Note that 
the assumptions are considered liberal as we considered 
the largest minimum based on the recessive model. Thus, 
when we analyzed the results, many of the variants found 
had a much lower alpha that became nominally significant 
at smaller sample sizes. This is true for additive models 
and the dominant models which require fewer sample 
sizes than the recessive model.

Besides the statistical inference, the significance of these 
findings can be enhanced in other ways, particularly, 
biological relevance/plausibility, multiplicity in results, 
and literature replicability. However, we will cite select 
findings with caution, especially if the findings are not 
supported by such information; nonetheless, these minor 
findings should still be considered as preliminary findings 
that need verification. 

The actual sizes per subgroup were set at 62 cases and 124 
controls to assume a power of 80% at alpha error <0.05 
using the recessive genetic model. However, because of the 
lower-than-expected number of cases, further importance 
to the enrichment of variants per gene and observed 
biological theme/s was given. 

DNA extraction and quantification

DNA extraction from whole blood samples was 
performed using QIAamp DNA Blood Mini Kit (QIAGEN, 
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Table 1 summarizes the clinical characteristics between 
cases and controls in the gliclazide substudy. Age was 
comparable between both groups. Although not significant, 
there is a noticeable trend of more males and smokers among 
the non-responders. Notably, both HbA1c and FBS were 
lower at baseline among non-responders compared with 
the responders. Mean HbA1c significantly decreased from 
baseline to the third month among gliclazide responders 
by 22% (8.55% to 6.63%, p < 0.05).

Among the 2,842 candidate variants investigated, 1,262 
variants were excluded based on significant Hardy-Weinberg 
disequilibrium, genotypic missingness, and minor allele 
threshold test results (Figure 2). Seven variants were nomi- 
nally associated with poor gliclazide response: rs2229437, 
rs319952, rs393994, rs9806699, rs1234315, rs7119, and 
rs6465084. However, there was no significant genotypic and 
allelic association observed after adjustment for multiple 
testing (Bonferroni-adjusted α = 3.2 x 10-5).

Table 2 presents allelic features of nominally significant 
associated genes, while Table 3 presents the genotypic 
features of nominally significant associated genes.

Two variants, rs319952 and rs393994, were particularly 
interesting as they are both intronic polymorphisms of the 
AGBL carboxypeptidase 4 (AGBL4) gene. Both are intronic 
variants exhibiting similar recessive mode of inheritance. 
Both variants confer almost similar genotypic ORs of 6-7 
increasing the confidence of common effects. Both have 
A as their risk alleles.

The variant rs2229437 had the lowest p-value. Remarkably, 
this variant is a missense SNP in another carboxypeptidase 
gene, the prolylcarboxypeptidase (PRCP) gene. Sorting 
Intolerant from Tolerant algorithm predicted a deleterious 

To address the concern regarding the stability of the 
findings, p-values were used as the main determinants of 
association. The CI would be secondary, as it serves as a 
rough guide as to the directionality of the effect. In place 
of the q values, we focused on other parameters, such as 
biological relevance/plausibility, multiplicity in results, and 
literature replicability to increase confidence in the results, 
while interpreting the associations with adequate caution. 
As the sample sizes were small, the genetic association 
used Fisher-Irwin exact test for categorical variables.

For the genotypic association tests, the mode of inheritance 
or the effect of the genotypes was inferred based on the 
distribution of the genotypes among the case and control 
participants identified using gPlink v2.05.10. Crude ORs 
were used to infer the impact of an allele or a genotype on 
the phenotypic outcome. As with classical epidemiology, 
an OR greater than 1.0 denotes susceptibility or risk, and 
an OR less than 1.0 denotes protection. The ORs were 
computed using exact logistic regression; in this case, those 
with p<0.05 are considered to have a nominal association. 

Because of the small sample sizes, we deferred doing 
multiple regression analyses and limited the interpreta-
tions to univariate analyses.

RESULTS

Gliclazide

Originally, 139 patients were enrolled in the gliclazide 
substudy (Figure 2A). Three participants (2 cases and 
1 control) were removed due to a low genotyping rate 
(MIND >0.05). After screening, 136 participants remained 
after data quality control of which 18 were non-responders 
and 118 were responders.

Figure 2. Schematic diagram of data processing and analysis for the gliclazide group. A total of 139 participants (A) and 
2,842 SNPs (B) were analyzed to determine the association of genetic variants with poor gliclazide response. 
Abbreviations: mind – individual missingness; SNP – single nucleotide polymorphism; HWE – Hardy-Weinberg equilibrium; geno – genotypic missingness; 
MAF – minor allele frequency.

3 excluded due to low 
genotyping (MIND >0.05)

None of the SNPs met statistical significance after allelic 
and genotypic association tests using Fisher’s exact test 
(Bonferroni-adjusted α = 3.2 x 10-5).

1,573 SNPs did not reach nominal significance after 
univariate logistic regression (p<0.01)

Excluded 1,262 SNPs:
•	 108 SNPs excluded based on HWE test (p ≤0.001)
•	 334 SNPs failed missingess test (GENO >0.05)
•	 880 removed due to minor allele threshold (MAF <0.0.5)

2,842 variants included in 
the customized beadchip

139 participants
(20 cases, 119 controls)

136 participants included
(18 cases, 118 controls)

7 SNPs were nominally 
significant at p <0.01

1,580 SNPs underwent allelic 
and genotypic association tests

A B
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Glimepiride

Among the 113 participants in the glimepiride substudy, 
five (1 case and 4 controls) were excluded due to a low 
genotyping rate (MIND >0.05), the control majority being 
expected due to the high control: case ratio. Thus, 7 non-
responders and 101 responders were retained (Figure 
3A). The clinical characteristics of the participants for this 
arm of the study are found in Table 4. 

Table 5 presents the allelic features of nominally significant 
associated genes, while Table 6 presents the genotypic 
features of nominally significant associated genes.

effect on its protein (SIFT = 0.02), although Polymorphism 
Phenotyping v2 (Polyphen v2) algorithm indicates that 
the resulting amino acid change from glutamic to aspartic 
acid has an otherwise benign impact (PolyPhen = 0.009). 
Upon univariate logistic regression analysis, the presence 
of the G allele resulted in an OR of 6.02 than the TT 
genotype (dominant model: 95% CI 1.75, 26.73; p = 0.002).

Other variants that were nominally associated with poor 
gliclazide response were: rs71119 (HMG20A), rs9806699 
(C15ORF48), rs1234315 (TNFSF4, TNF superfamily member 
4 geneTNF), and rs6465084 (GRM3, glutamate metabo-
tropic receptor 3 gene). 

Table 2. Allelic characterization of variants associated with poor gliclazide response
SNP Implicated gene Risk 

allele
Frequency

p-value*  q-value* Predicted effect
Predicted Impact

Cases Controls SIFT PolyPhen
rs2229437 PRCP G 0.4444 0.2076 0.003247 1 Missense (E/D) 0.02 

(deleterious)
0.009 

(benign)
rs319952 AGBL4 A 0.8824 0.6504 0.005649 1 Intron variant n/a
rs393994 AGBL4 A 0.8611 0.6525 0.012310 1 Intron variant n/a
rs9806699 ENSG00000259354// C15ORF48 G 0.6389 0.4025 0.010840 1 5-upstream variant n/a
rs7119 HMG20A A 0.5 0.2585 0.005146 1 3' untranslated region n/a
rs6465084 GRM3 A 1 0.8475 0.006797 1 Intron variant n/a
Abbrev: PRCP, prolylcarboxypeptidase; AGBL4, ATP/GTP binding protein like 4; TNFSF4, TNF superfamily member 4; HMG20A, high mobility group 
20A; GRM3, glutamate metabotropic receptor 3; E/D, glutamic acid (E) to aspartic acid (D) mutation; SIFT, Sorting Intolerant Form Tolerant; Polyphen, 
Polymorphism Phenotyping.
*Variants are nominally significant at p<0.05.

Table 3. Genotypic characterization of variants associated with poor gliclazide response
SNP Chrom No. Model Genotypes

Frequency
Crude OR p-value*

Cases Controls
rs2229437 11 DOM GG and TG vs TT 77.78 36.44 6.02 (1.75, 26.73) 0.002
rs319952 1 REC AA vs AG and GG 82.35 39.82 6.95 (1.80, 39.85) 0.002
rs393994 1 REC AA vs AG and GG 77.78 38.98 5.41 (1.57, 23.98) 0.004
rs9806699 15 REC GG vs AG and AA 44.44 12.71 5.39 (1.59, 18.14) 0.006
rs1234315 1 GENO TC vs CC 5.56 45.76 0.08 (0.001, 0.60) 0.006

rs7119 15 ALLELIC
TT vs CC 38.89 18.64 1.33 (0.37, 4.52) 0.803
AG vs GG 55.56 44.92 2.85 (0.77, 13.21) 0.138

rs6465084 7 REC AA vs GG 22.22 3.39 14.13 (1.92, 114.88) 0.007
Abbrev: ADD, additive; DOM, dominant; DOMDEV, dominant deviant; REC, recessive.
*Variants are nominally significant at p<0.05

Table 1. Clinical characteristics of participants in gliclazide substudy
Characteristics Gliclazide poor responders (n = 18) Gliclazide responders (n = 118) p-value*

Age, years, mean (SD) 55.56 (12.77) 53.09 (10.12) 0.354
Male, % 44.44 26.27 0.056
Hypertension, % 55.56 47.46 0.261
Ever smoked, % 27.78 14.41 0.076
Alcohol use, % 16.67 32.20 0.090
BMI, kg/m2, mean (SD) 26.64 (3.71) 26.02 (3.80) 0.519
Waist circumference, cm, mean (SD) 93.25 (9.37) 91.17 (10.16) 0.416
Baseline

FBS, mg/dL, mean (SD) 143.94 (19.05) 167.07 (32.67) 0.004
HbA1c, %, mean (SD) 7.22 (0.66) 8.55 (1.15) <0.001
Creatinine, mg/dL, mean (SD) 0.80 (0.29) 0.73 (0.23) 0.248

3rd month**
FBS, mg/dL, mean (SD) 128.00 (35.33) 116.29 (22.91)** 0.065
HbA1c, %, mean (SD) 7.26 (0.79) 6.63 (0.85)** 0.003

Abbrev: BMI, body mass index; FBS, fasting blood sugar; HbA1c, glycosylated hemoglobin A1c; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; SD, standard deviation
*Significant at p<0.05 using Student's t-test or Fisher's exact test
**3rd-month values are significantly different compared with baseline values at p< 0.05 using paired t-test
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Figure 3. Schematic diagram of data processing and analysis for glimepiride group. A total of 139 participants (A) and 2,842 
SNPs (B) were analyzed to determine the association of genetic variants with poor glimepiride response. 
Abbreviations: mind – individual missingness; SNP – single nucleotide polymorphism; HWE – Hardy-Weinberg equilibrium; geno – genotypic missingness; 
MAF – minor allele frequency.

5 excluded due to low 
genotyping (MIND >0.05)

None of the SNPs met statistical significance after allelic 
and genotypic association tests using Fisher’s exact test 
(Bonferroni-adjusted α = 3.1 x 10-5).

1,612 SNPs did not reach nominal significance after 
univariate logistic regression (p <0.01)

Excluded 1,227 SNPs:
•	 88 SNPs excluded based on HWE test (p ≤0.001)
•	 328 SNPs failed missingess test (GENO >0.05)
•	 866 removed due to minor allele threshold (MAF <0.0.5)

2,842 variants included in 
the customized beadchip

113 participants
(8 cases, 105 controls)

108 participants included
(7 cases, 101 controls)

3 SNPs were nominally 
significant at p <0.01

1,615 SNPs underwent allelic 
and genotypic association tests

A B

Table 6. Genotypic characterization of variants associated with poor glimepiride response
SNP Chrom No. Model Genotypes

Frequency
Crude OR p-value*

Cases Controls
rs5063 1 DOM TT and TC vs CC 100 41.58 13.04 (1.88, inf) 0.006
rs2299267 7 DOM GG and AG vs AA 85.71 27.72 15.22 (1.73, 729.02) 0.008
rs17367504 1 DOM GG and AG vs AA 100 43.56 12.04 (1.74, inf) 0.008
Abbrev: DOM, dominant. Variants are nominally significant at p< 0.05; exact logistic regression was done to compute the crude odds ratio.
*Variants are nominally significant at p<0.05

Table 5. Allelic characterization of variants associated with poor glimepiride response
SNP Implicated gene Risk 

allele
Frequency

p-value* q-value* Predicted effect
Predicted Impact

Cases Controls SIFT PolyPhen
rs5063 NPPA / near CLCN6 T 0.5 0.2475 0.05627 1 Missense (V/M) 0.27 (tolerated) 0.58 (benign)
rs2299267 PON2 G 0.4286 0.1436 0.01347 1 Intron variant n/a
rs17367504 MTHFR/ near CLCN6 G 0.5 0.2673 0.07160 1 Intron variant n/a
Abbrev: CLCN6, chloride voltage-gated channel 6; NPPA, natriuretic peptide A; PON2, paraoxonase 2; MTHFR, methylenetetrahydrofolate reductase; 
V/M, valine (V) to methionine (M) mutation; SIFT, Sorting Intolerant From Tolerant; Polyphen, Polymorphism Phenotyping. 
*Variants are nominally significant at p<0.05.

Table 4. Clinical characteristics of participants in glimepiride substudy
Characteristics Glimepiride poor responders (n = 7) Glimepiride responders (n = 101) p-value*

Age, years, mean (SD) 46.14 (7.73) 52.16 (9.86) 0.117
Male, % 14.29 32.67 0.118
Hypertension, % 71.43 49.50 0.131
Ever smoked, % 28.57 24.75 0.411
Alcohol use, % 14.29 38.61 0.099
BMI, kg/m2, mean (SD) 27.42 (3.69) 24.94 (3.25) 0.056
Waist circumference, cm, mean (SD) 92.64 (9.94) 88.01 (7.36) 0.119
Baseline

FBS, mg/dL, mean (SD) 183.77 (40.62) 174.58 (31.03) 0.459
HbA1c, %, mean (SD) 8.54 (1.15) 8.86 (1.07) 0.448
Creatinine, mg/dL, mean (SD) 0.56 (0.13) 0.75 (0.23) 0.033

3rd month**
FBS, mg/dL, mean (SD) 157.03 (57.46) 122.07 (25.95)** 0.002
HbA1c, %, mean (SD) 8.60 (1.33) 6.86 (0.85)** 0.001

Abbrev: BMI, body mass index; FBS, fasting blood sugar; HbA1c, glycosylated hemoglobin A1c; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; SD, standard deviation
*Significant at p< 0.05 
**3rd-month values are significantly different compared with baseline values at p<0.05 using paired t-test
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ABGL4 codes for cytosolic carboxypeptidase 6, a metallo-
carboxypeptidase that mediates deglutamylation of 
target proteins to form tubulins like microtubules.16,17 
Microtubules negatively regulate insulin secretion in 
pancreatic beta cells, and their depolymerization is 
necessary for glucose-stimulated insulin secretion. High 
glucose levels destabilize microtubules and are balanced 
by new microtubule formation, which likely prevents 
glucose over-secretion. As a result, microtubule density is 
greater in dysfunctional beta cells of diabetic mice. Few 
studies have explored the connection between ABGL4 
and diabetes, more so sulfonylureas. Of these, one study 
identified AGBL4 as one of the down-regulated genes 
using differential gene expression between T2DM patients 
and healthy controls.21 Such downregulation may be 
explained by the destabilization of microtubules in patients 
with high glucose levels. Further studies are required to 
understand the contribution of these AGBL4 variants to 
gliclazide nonresponse.

Curiously, another carboxypeptidase gene variant, 
rs2229437 in PRCP, a gene coding for prolylcarboxypeptidase 
was found to be highly, albeit nominally, associated with 
gliclazide response. It was previously found to play a role 
in appetite suppression and weight gain.22 Pharmacological 
inhibition studies on PRCP-knockout mice showed that 
lower levels of PRCP activity decreased appetite and 
were resistant to diet-induced obesity.23,24 Plasma PRCP 
concentrations were also found to be higher among diabetic 
fatty rats fed with a high-fat diet compared to their lean 
controls.25 In the current study, participants with GG and 
TG genotypes were more likely to be poorly responsive to 
gliclazide compared with those with the TT genotype in 
a dominant model. The GG genotype is associated with 
a higher expression of the PRCP gene in subcutaneous 
adipose tissue,26 which may result in higher levels of 
circulating PRCP and an increased likelihood of diabetes. 
Interestingly, the administration of metformin among rats 
and humans with high PRCP levels reversed this elevation.25 
In case the hypothesis is found to be correct in subsequent 
functional studies, it may be advisable to avoid giving 
patients gliclazide and prescribe metformin instead.

Of relative relevance would be rs1234315, which is within 
1000 bp upstream of SLC30A4-ASI. This variant was 
previously reported to affect several drugs like statins.27,28 
The possible mechanism of the variant on how exactly it 
affects SUs is yet to be elucidated. Its function as a catalyst 
of pancreatic carboxypeptidases and zinc transporters may 
play a role in such a mechanism.

In retrospect, the exact role of the carboxypeptidases in the 
dynamics of the SUs was scarcely investigated. This paper 
thus suggests that such thematic association may provide 
clues to the mechanistic importance of carboxypeptidases 
in SU response.

Another interesting theme to entertain is glutamate meta-
bolism. In addition to the polyglutamate-acting carboxy- 

The age distribution is comparable between groups. As 
opposed to the gliclazide substudy, there are more males 
and alcohol users among responders of the glimepiride 
group. Mean HbA1c significantly decreased from baseline 
to the third month among glimepiride responders by 23% 
(8.86% to 6.86%, p <0.05).

Among the 2,842 variants selected for the study, 88 SNPs 
failed the HWE test (p ≤0.001), 328 variants failed the 
missingness test (GENO >0.05), while 866 were further 
removed due to low minor allele frequency (MAF <0.01).

It is interesting that although rs5063 is mainly considered 
as a missense variant in the natriuretic peptide A (NPPA) 
gene, resulting in a valine to methionine substitution, SIFT 
and PolyPhen v2 predicted tolerated and benign effects, 
and GTEx Portal indicated the variant as an Expression 
Quantitative Trait Loci (eQTL) for the nearby CLCN6 and 
methyltetrahydrofolate reductase (MTHFR) genes.

Thus, 2 of the 3 nominally associated variants belong to a 
set that appears to influence both CLCN6 and MTHFR genes 
(Table 5). The variants seem to have a similar dominant 
model with a high-risk effect. The presence of the rs5063 
T allele conferred an OR of 13.04 towards poor glimepiride 
response than the CC genotype (95% CI: 1.88, inf; p = 0.006) 
(Table 6). Meanwhile, the presence of the G allele conferred 
an OR of 12.04 compared with the AA genotype (model: 
95%, CI:1.74, inf; p = 0.008) in the variant, rs17367504 found 
in the same gene. 

Another variant of interest would be rs2299267, an intronic 
variant of the paraoxonase 2 (PON2) gene. Seemingly 
acting in a dominant model, the G allele in the PON2 gene 
variant conferred an OR of 15.22 times poor glimepiride 
response (Table 6) than the AA genotype (dominant model: 
95% CI: 1.73, 729.02; p = 0.008).

DISCUSSION

Type 2 diabetes mellitus is commonly treated with SUs in the 
Philippines. However, some patients fail to meet treatment 
targets despite compliance. Several studies pointed out 
that genetics contribute to the variable response, and 
these genetic associations differ across various ethnicities. 
This study investigated such association among Filipinos 
using a candidate gene approach. Seven variants had been 
nominally associated with poor response to gliclazide 
and three variants with poor response to glimepiride. 

Gliclazide

The three variants with the lowest p-values – rs2229437, 
rs319952, and rs393994 – are all found near genes that 
code for carboxypeptidases that are related to metabolic 
processes. 

Two of the variants of the ABGL4 gene, rs319952, and 
rs393994, have higher odds of poor gliclazide response. 
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in drug metabolism, such as with methotrexate, by acting 
through 1-carbon transfer.37 However, such speculation 
and questions on the role of other implicated genes 
remain to be investigated.

Another variant that conferred a high OR is rs2299267, 
an intronic region of the PON2 gene and upstream from 
the PON1 and PON3 genes. In a study differentiating the 
effect of SUs, specifically glimepiride and glibenclamide, 
it has been found that the SUs increased PON1 hepatic 
activity.38 As this finding may imply an influence on hepatic 
metabolism, studies that aim to understand the contribu-
tion of PON variants to glimepiride response are worth 
exploring in the future.

Nonetheless, the authors recognize the obvious limitation of 
the study’s sample size. The lack of association in multiple 
testing resulting in false positives is possible. 

Studies of similar candidate approaches with small sample 
sizes have been published. For instance, one study that 
shows the correlation of KCNQ1 polymorphism with 
glycemic parameters only had 91 subjects (44 cases and 
47 controls).39 In addition, a longitudinal study on various 
metformin/sulfonylurea combinations of up to 6 months 
involved 88 individuals comprising of 17 cases and 71 
controls.40 Both demonstrated associations of genotypes 
with glycemic parameters. The main difference in 
approach is they utilized continuous glycemic variables. In 
contrast, our study used categorical glycemic parameters 
as these are real-life clinical parameters and to determine 
pharmacogenetic markers likely foreseen. Negative 
results were seen in several studies. For instance, a lack 
of association was found in assessing the use of GLP-1 
analogue exenatide to control blood sugar that enrolled 
only 36 patients,41 or in associating CYP2C9 rs1067910 to 
glycemic responses to pooled sulfonylureas that had only 
30 samples.42 Both failed to demonstrate treatment effects. 

We underscore that validation research using the markers 
of interest may be conducted in a larger-scale study of 
patients with T2DM. Alternatively, as some findings 
suggest thematic enrichment, functional studies can be 
conducted. The preliminary results of this study may 
provide impetus to evaluate the clinical relevance of the 
identified SNPs on SU treatment. 

CONCLUSION

Interethnic variations compel the conduct of pharmaco-
genetic studies in scarcely studied populations, such 
as Filipinos. In this context, as sulfonylureas such as 
gliclazide and glimepiride are used on a national scale to 
treat T2DM, we observed several variants to be nominally 
associated with sulfonylurea response among Filipinos. 
With this data, new possibilities on the pharmacodynamics 
and pharmacokinetics of sulfonylureas are suggested, 
and the results of the current study may guide future 
directions in SU research.

peptidases, another variant, rs6465084, implicated the 
involvement of GRM3 (glutamate metabotropic receptor 3). 
The G-protein receptor is linked with cyclic adenosine 
monophosphate (AMP) signaling and has been implicated 
to influence insulin secretion in beta-cells through an 
α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid 
or AMPA-regulated mechanism in the pancreas.29 Thus, 
the possibility of glutamate processing affecting the 
secretagogue function of SUs becomes plausible. 

Other nominally associated variants include rs7119, 
an intron variant of HMG20A, which is responsible for 
regulating the metabolism-insulin secretion coupling 
genes and functional maturity of β-cells. Single-tissue 
eQTLs show that individuals with the T allele have higher 
expression levels of HMG20A.30 Knockdown of the gene 
resulted in reduced glucose-induced insulin secretion.31 
While there is no literature linking the variant to gliclazide 
response, gliclazide’s mechanism of action involves the 
stimulation of insulin secretion through binding to the 
β-cell SU receptor (SUR1).32 The altered expression of the 
HMG20A gene may affect the functional maturity of β-cells, 
which may consequently contribute to poor response 
to gliclazide. As genotypic associations are compared 
pairwise, the association of the variants to the trait is set as 
a group. The significance of the HMG20A variant, rs7119, 
mainly relies on the AG vs GG comparison. Thus, even if 
the other comparisons lack significance, the variant itself 
is associated with the trait.

Other associated variants are rs9806699 and rs1234315 
upstream of C15ORF48 and TNFSF4, respectively. These 
were scarcely studied and no previous data defines their 
function. Moreover, these variants were not previously 
linked to diabetes or response to oral hypoglycemic agents. 

Glimepiride

Three variants were nominally associated with poor 
glimepiride response (p<0.01), two are found near the 
CLCN6-NPPA-MTHFR gene cluster and one from the PON2 
loci. All three variants were not previously linked to poor 
sulfonylurea response.

Two associated variants were noted to be near the gene 
cluster CLCN6-NPPA-MTHFR, rs5063 and rs17367504, 
each resulting in more than ten times higher odds of poor 
glimepiride response. Although the SNPs are 50kb apart 
from each other, with different hypothetical effects - 5063 
is an intronic variant of the NPPA gene, while rs17367504 
is an intronic variant of MTHFR, both variants seem to 
influence the expression of MTHFR, CLCN6, and NPPA 
and NPPA in various tissues, including the NPPA antisense 
RNA.33 The variants in the MTHFR-CLCN6-NPPA-NPPA 
gene cluster were investigated by a previous study 
providing novel insights into the mechanisms of cardiac 
dysfunction.34,35 Moreover, the MTHFR gene is implicated 
in T2DM susceptibility.36 These findings are interesting 
considering that the MTHFR gene is widely implicated 



Vol. 38 No. 1 Molecular and Cellular Endocrinology Special Issue

39

www.asean-endocrinejournal.org

Paz-Pacheco and Nevado Jr., et alGenetic Variants Associated with Poor Responsiveness to Sulfonylureas in T2DM

Servier; received medical equipment and PPEs from BioFemme, 
LRI-Therapharma, Natrapharm and UAP; serves as the head 
of the Reproductive Endocrinology and Transgender Health 
Council of the PCEDM. PND received honoraria for lectures.

The following have no conflicts of interest to disclose: ELAR, MDF, 
MLVG, MUN, MPDM, CJ, APM, AUC, JPQ, AML, DCB, NMM, 
VSR, KJAC, JPF, JB, JM, CDD, CEP.

Funding source
This study received a research grant from the Philippine Council 
for Health Research and Development.

References 
1.	 Sola D, Rossi L, Schianca GP, et al. Sulfonylureas and their use in 

clinical practice. Arch Med Sci. 2015;11(4):840-8. PMID: 26322096. 
PMCID: PMC4548036. https://doi.org/10.5114/aoms.2015.53304.

2.	 Jeon JY, Lee SJ, Lee S, et al. Failure of monotherapy in clinical practice in 
patients with type 2 diabetes: The Korean National Diabetes Program. 
J Diabetes Investig. 2018;9(5):1144-52. PMID: 29328551. PMCID: 
PMC6123024. https://doi.org/10.1111/jdi.12801.

3.	 Jimeno C, Sobrepeña L, Mirasol R. DiabCare 2008: Survey on glycaemic 
control and the status of diabetes care and complications among 
patients with type 2 diabetes mellitus in the Philippines. Philipp J 
Intern Med. 2012;50(1):15-22.

4.	 Leiter LA, Shestakova MV, Trubitsyna NP, Piletič M, Satman I. 
Implementing an optimized glucose-lowering strategy with a novel 
once daily modified release gliclazide formulation. Diabetes Res 
Clin Pract. 2016;112:50-6. PMID: 26653612. https://doi.org/10.1016/j.
diabres.2015.11.001.

5.	 Garber A, Henry R, Ratner R, et al. Liraglutide versus glimepiride 
monotherapy for type 2 diabetes (LEAD-3 Mono): A randomised, 
52-week, phase III, double-blind, parallel-treatment trial. Lancet. 
2009;373(9662):473-81. PMID: 18819705. https://doi.org/10.1016/S0140-
6736(08)61246-5.

6.	 Kim HS, Kim DM, Cha BS, et al. Efficacy of glimepiride/metformin 
fixed-dose combination vs metformin uptitration in type 2 diabetic 
patients inadequately controlled on low-dose metformin monotherapy: 
A randomized, open label, parallel group, multicenter study in 
Korea. J Diabetes Investig. 2014;5(6):701-8. PMID: 25422771. PMCID: 
PMC4234234. https://doi.org/10.1111/jdi.12201.

7.	 Kondo Y, Harada N, Hamasaki A, et al. Sitagliptin monotherapy has 
better effect on insulinogenic index than glimepiride monotherapy 
in Japanese patients with type 2 diabetes mellitus: A 52-week, 
multicenter, parallel-group Randomized Controlled trial. Diabetol 
Metab Syndr. 2016;8:15. PMID: 26925169. PMCID: PMC4769515. 
https://doi.org/10.1186/s13098-016-0131-y.

8.	 Becker ML, Pearson ER, Tkáč I. Pharmacogenetics of oral antidiabetic 
drugs. Int J Endocrinol. 2013;2013:686315. PMID: 24324494. PMCID: 
PMC3845331. https://doi.org/10.1155/2013/686315.

9.	 Huang C, Florez JC. Pharmacogenetics in type 2 diabetes: Potential 
implications for clinical practice. Genome Med. 2011;3(11):76. PMID: 
22126607. PMCID: PMC3308031. https://doi.org/10.1186/gm292.

10.	 Samer CF, Lorenzini KI, Rollason V, Daali Y, Desmeules JA. 
Applications of CYP450 testing in the clinical setting. Mol Diagn Ther. 
2013;17(3):165-84. PMID: 23588782. PMCID: PMC3663206. https://
doi.org/10.1007/s40291-013-0028-5.

11.	 Song J, Yang Y, Mauvais-Jarvis F, Wang YP, Niu T. KCNJ11, ABCC8 and 
TCF7L2 polymorphisms and the response to sulfonylurea treatment 
in patients with type 2 diabetes: A bioinformatics assessment. BMC 
Med Genet. 2017;18(1):64. PMID: 28587604. PMCID: PMC5461698. 
https://doi.org/10.1186/s12881-017-0422-7.

12.	 Holstein A, Hahn M, Körner A, Stumvoll M, Kovacs P. TCF7L2 
and therapeutic response to sulfonylureas in patients with type 2 
diabetes. BMC Med Genet. 2011;12:30. PMID: 21349175. PMCID: 
PMC3051886. https://doi.org/10.1186/1471-2350-12-30.

13.	 Tong Y, Lin Y, Zhang Y, et al. Association between TCF7L2 gene 
polymorphisms and susceptibility to type 2 diabetes mellitus: A large 
Human Genome Epidemiology (HuGE) review and meta-analysis. 
BMC Med Genet. 2009;10:15. PMID: 19228405. PMCID: PMC2653476. 
https://doi.org/10.1186/1471-2350-10-15.

14.	 Suzuki K, Yanagawa T, Shibasaki T, Kaniwa N, Hasegawa R, Tohkin 
M. Effect of CYP2C9 genetic polymorphisms on the efficacy and 
pharmacokinetics of glimepiride in subjects with type 2 diabetes. 
Diabetes Res Clin Pract. 2006;72(2):148-54. PMID: 16325295. https://
doi.org/10.1016/j.diabres.2005.09.019.

15.	 Zhang Y, Si D, Chen X, et al. Influence of CYP2C9 and CYP2C19 
genetic polymorphisms on pharmacokinetics of gliclazide MR in 
Chinese subjects. Br J Clin Pharmacol. 2007;64(1):67-74. PMID: 
17298483. PMCID: PMC2000619. https://doi.org/10.1111/j.1365-2125. 
2007.02846.x.

Acknowledgments
The authors would like to acknowledge the clinical personnel of the 
Division of Endocrinology, Department of Medicine, University of 
the Philippines-Philippine General Hospital, and the personnel and 
staff of the project and the Microarray Core Facility of the Institute 
of Human Genetics, University of the Philippines Manila for their 
support and assistance.

Statement of Authorship
All authors certified fulfillment of ICMJE authorship criteria.

Authors Contribution Statement
EPP and JBN conceived the study; developed the methodology; 
provided study materials; validated data; acquired financial 
support for the study.

EMC conceived the study; developed the methodology; provided 
study materials; validated data; acquired financial support for 
the study; reviewed and edited the manuscript; supervised and 
managed the research activity planning.

GJJ conceived the study; developed the methodology; provided 
study materials; validated data; reviewed and edited the manu-
script; supervised the research.

EPP, JBN and AYCA synthesized the data; conducted the research; 
curated the data; prepared the original draft; reviewed and edited 
the manuscript; supervised and managed the research activity 
planning.

ELAR and MGF applied the statistical techniques; collected 
and curated the data; helped in the preparation of the original 
draft; reviewed and edited the manuscript; supervised and 
coordinated the research activity planning.

MVG and MUN validated data; collected and curated the data; 
reviewed and edited the manuscript; supervised and coordinated 
the research activity planning.

CAC, MDM, CVJ, PND, APM developed the methodology; 
collected data; reviewed and edited the manuscript.

AUC, JMQ, AML, DCB, NMM collected and curated the data; 
reviewed and edited the manuscript; supervised and coordinated 
the research activity planning.

VDR, KJAC and JPF supervised and coordinated the research 
activity planning.

NMM, VSR, KJAC, JPF, JB, JM, CDD and CEP synthesized the data; 
conducted the investigation process; curated the data; prepared 
the original draft; reviewed and edited the manuscript.

Author Disclosure
EPP is the Editor-in-Chief of the JAFES. EPP, JBN, EMCDP, 
AYCA have patent application at UP Manila. GJJ served as CME/ 
Speaker’s Bureau of the following companies: MSD, J& J, Astra 
Zeneca, Boehringer-Ingelheim, Sanofi Aventis, Novo Nordisk, 
Abbott Nutrition, LRI-Therapharma, UMed, Woerwag. CAC 
represented the Philippine College of Endocrinology, Diabetes 
and Metabolism (PCEDM) as the primary investigator and 
was given a research grant by Servier Laboratories through the 
PCEDM; received compensation as lecturer for the following 
companies: AstraZeneca,Getz Pharma, LRI-Therapharma, MSD, 
Natrapharm, Novo Nordisk, Sanofi, Servier and Zuellig-Lilly; 
received compensation for module development/presentations 
for Natrapharm and received support for registration to scientific 
meetings/ conventions from MSD, Natrapharm, Sanofi and 



Vol. 38 No. 1 Molecular and Cellular Endocrinology Special Issue

40

www.asean-endocrinejournal.org

Paz-Pacheco and Nevado Jr., et al Genetic Variants Associated with Poor Responsiveness to Sulfonylureas in T2DM

32.	 Colagiuri S, Matthews D, Leiter LA, Chan SP, Sesti G, Marre M. The 
place of gliclazide MR in the evolving type 2 diabetes landscape: A 
comparison with other sulfonylureas and newer oral antihyperglycemic 
agents. Diabetes Res Clin Pract. 2018;143:1-14. PMID: 29802958. 
https://doi.org/10.1016/j.diabres.2018.05.028.

33.	 [GTExc] Genotype-Tissue Expression. Variant Page – rs17367504. 
Available in https://gtexportal.org/home/snp/rs17367504. Retrieved 
on 22 April 2022.

34.	 Del Greco MF, Pattaro C, Luchner A, et al. Genome-wide association 
analysis and fine mapping of NT-proBNP level provide novel insight 
into the role of the MTHFR-CLCN6-NPPA-NPPB gene cluster. Hum 
Mol Genet. 2011;20(8):1660-71. PMID: 21273288. PMCID: PMC3063986. 
https://doi.org/10.1093/hmg/ddr035.

35.	 Rangaraju A, Krishnan S, Aparna G, Sankaran S, Mannan AU, Rao 
BH. Genetic variants in post myocardial infarction patients presenting 
with electrical storm of unstable ventricular tachycardia. Indian 
Pacing Electrophysiol J.;2018;18(3):91-4. PMID: 29396286. PMCID: 
PMC5986548. https://doi.org/10.1016/j.ipej.2018.01.003.

36.	 Settin A, El-Baz R, Ismaeel A, Tolba W, Allah WA. Association of 
ACE and MTHFR genetic polymorphisms with type 2 diabetes 
mellitus: Susceptibility and complications. J Renin Angiotensin 
Aldosterone Syst. 2015;16(4):838-43. PMID: 24452036. https://doi.
org/10.1177/1470320313516172.

37.	 Shen Y, Wang Z, Zhou F, Jin R. The influence of MTHFR genetic 
polymorphisms on methotrexate therapy in pediatric acute 
lymphoblastic leukemia. Open Life Sci. 2021;16(1):1203-12. PMID: 
34761111. PMCID: PMC8572804. https://doi.org/10.1515/biol-2021-
0121.

38.	 Wójcicka G, Jamroz-Wiśniewska A, Marciniak A, Łowicka E, Bełtowski 
J. The differentiating effect of glimepiride and glibenclamide on 
paraoxonase 1 and platelet-activating factor acetylohydrolase activity. 
Life Sci. 2010 ;87(3-4):126-32. PMID: 20638992. https://doi.org/10.1016/j.
lfs.2010.05.018.

39.	 Li Q, Tang TT, Jiang F, et al. Polymorphisms of the KCNQ1 gene 
are associated with the therapeutic responses of sulfonylureas in 
Chinese patients with type 2 diabetes. Acta Pharmacol Sin. 2017;38(1): 
80-9. PMID: 27694910. PMCID: PMC5220536. https://doi.org/10.1038/
aps.2016.103.

40.	 Naja K, Salami A, El Shamieh S, Fakhoury R. rs622342 in SLC22A1, 
CYP2C9*2 and CYP2C9*3 and glycemic response in individuals with 
type 2 diabetes mellitus receiving metformin/sulfonylurea combination 
therapy: 6-month follow-up study. J Pers Med. 2020;10(2):53. PMID: 
32575674. PMCID: PMC7354490. https://doi.org/10.3390/jpm10020053.

41.	 Lin CH, Lee YS, Huang YY, Hsieh SH, Chen ZS, Tsai CN. 
Polymorphisms of GLP-1 receptor gene and response to GLP-1 
analogue in patients with poorly controlled type 2 diabetes. J Diabetes 
Res. 2015;2015:176949. PMID: 25785276. PMCID: PMC4345081. https://
doi.org/10.1155/2015/176949.

42.	 Didari E, Sarhangi N, Afshari M, Aghaei Meybodi HR, Hasanzad 
M. A pharmacogenetic pilot study of CYP2C9 common genetic 
variant and sulfonylureas therapeutic response in type 2 diabetes 
mellitus patients. J Diabetes Metab Disord. 2021;20(2):1513-9. PMID: 
34900803. PMCID: PMC8630254 (available on 2022-09-14). https://doi.
org/10.1007/s40200-021-00894-0.

16.	 Downing KH, Nogales E. Tubulin and microtubule structure. 
Curr Opin Cell Biol. 1998;10(1):16–22. PMID: 9484591. https://doi.
org/10.1016/s0955-0674(98)80082-3.

17.	 UniProt Consortium. UniProt: The universal protein knowledgebase in 
2021. Nucleic Acids Res. 2021;49(D1):D480-9. PMID: 33237286. PMCID: 
PMC7778908. https://doi.org/10.1093/nar/gkaa1100.

18.	 Thorn CF, Klein TE, Altman RB. PharmGKB: The Pharmacogenomics 
Knowledge Base. Methods Mol Biol. 2013;1015:311-20. PMID: 
23824865. PMCID: PMC4084821. https://doi.org/10.1007/978-1-62703- 
435-7_20.

19.	 Welter D, MacArthur J, Morales J, et al. The NHGRI GWAS 
Catalog, a curated resource of SNP-trait associations. Nucleic Acids 
Res. 2014;42(Database issue):D1001-6. PMID: 24316577. PMCID: 
PMC3965119. https://doi.org/10.1093/nar/gkt1229.

20.	 Kent WJ, Sugnet CW, Furey TS, et al. The human genome browser at 
UCSC. Genome Res. 2002;12(6):996-1006. PMID: 12045153. PMCID: 
PMC186604. https://doi.org/10.1101/gr.229102.

21.	 Mao J, Ai J, Zhou X, et al. Transcriptomic profiles of peripheral white 
blood cells in type II diabetes and racial differences in expression 
profiles. BMC Genomics. 2011;12 Suppl 5(Suppl 5):S12. PMID: 
22369568. PMCID: PMC3287494. https://doi.org/10.1186/1471-2164-
12-S5-S12.

22.	 Wallingford N, Perroud B, Gao Q, et al. Prolylcarboxypeptidase 
regulates food intake by inactivating alpha-MSH in rodents. J Clin 
Invest. 2009;119(8):2291-303. PMID: 19620781. PMCID: PMC2719925. 
https://doi.org/10.1172/JCI37209.

23.	 Jeong JK, Diano S. Prolyl carboxypeptidase and its inhibitors in 
metabolism. Trends Endocrinol Metab. 2013;24(2):61-7. PMID: 
23245768. PMCID: PMC3893043. https://doi.org/10.1016/j.tem.2012. 
11.001.

24.	 Zhou C, Garcia-Calvo M, Pinto S, et al. Design and synthesis of 
prolylcarboxypeptidase (PrCP) inhibitors to validate PrCP as a 
potential target for obesity. J Med Chem. 2010;53(19):7251-63. PMID: 
20857914. https://doi.org/10.1021/jm101013m.

25.	 Tabrizian T, Hataway F, Murray D, Shariat-Madar Z. 
Prolylcarboxypeptidase gene expression in the heart and kidney: 
Effects of obesity and diabetes. Cardiovasc Hematol Agents Med 
Chem. 2015;13(2):113-23. PMID: 26362276. https://doi.org/10.2174/187
1525713666150911112916.

26.	 [GTExa] Genotype-Tissue Expression. Variant Page – rs2229437. 
Available in https://gtexportal.org/home/snp/rs2229437. Retrieved on 
10 April 2022.

27.	 Bai X, Zhang B, Wang P, et al. Effects of SLCO1B1 and GATM gene 
variants on rosuvastatin-induced myopathy are unrelated to high 
plasma exposure of rosuvastatin and its metabolites. Acta Pharmacol 
Sin. 2019;40(4):492-9. PMID: 29950617. PMCID: PMC6461793. https://
doi.org/10.1038/s41401-018-0013-y.

28.	 Liu M, Fan F, Zhang Y, Li J. The association of GATM polymorphism 
with statin-induced myopathy: A systematic review and meta-analysis. 
Eur J Clin Pharmacol. 2021;77(3):349-57. PMID: 33051696. PMCID: 
PMC7867530. https://doi.org/10.1007/s00228-020-03019-3.

29.	 La TM, Yamada H, Seiriki S, et al. Internalization of AMPA-type 
glutamate receptor in the MIN6 pancreatic β-cell line. Cell Struct 
Funct. 2020;45(2):121-30. PMID: 32581155. https://doi.org/10.1247/
csf.20020.

30.	 [GTExb] Genotype-Tissue Expression. Variant Page – rs7119. Available 
in https://gtexportal.org/home/snp/rs7119. Retrieved on 22 April 2022.

31.	 Mellado-Gil JM, Fuente-Martín E, Lorenzo PI, et al. The type 2 diabetes 
associated HMG20A gene is mandatory for islet beta cell functional 
maturity. Cell Death Dis. 2018;9(3):279. PMID: 29449530. PMCID: 
PMC5833347. https://doi.org/10.1038/s41419-018-0272-z.

Authors are required to accomplish, sign and submit scanned copies of the JAFES Author Form consisting of: (1) Authorship Certification, that authors contributed 
substantially to the work, that the manuscript has been read and approved by all authors, and that the requirements for authorship have been met by each author; (2) 
the Author Declaration, that the article represents original material that is not being considered for publication or has not been published or accepted for publication 
elsewhere, that the article does not infringe or violate any copyrights or intellectual property rights, and that no references have been made to predatory/suspected 
predatory journals; (3) the Author Contribution Disclosure, which lists the specific contributions of authors; (4) the Author Publishing Agreement which retains 
author copyright, grants publishing and distribution rights to JAFES, and allows JAFES to apply and enforce an Attribution-Non-Commercial Creative Commons 
user license; and (5) the Conversion to Visual Abstracts (*optional for original articles only) to improve dissemination to practitioners and lay readers Authors are 
also required to accomplish, sign, and submit the signed ICMJE form for Disclosure of Potential Conflicts of Interest. For original articles, authors are required to 
submit a scanned copy of the Ethics Review Approval of their research as well as registration in trial registries as appropriate. For manuscripts reporting data from 
studies involving animals, authors are required to submit a scanned copy of the Institutional Animal Care and Use Committee approval. For Case Reports or Series, 
and Images in Endocrinology, consent forms, are required for the publication of information about patients; otherwise, appropriate ethical clearance has been 
obtained from the institutional review board. Articles and any other material published in the JAFES represent the work of the author(s) and should not be construed 
to reflect the opinions of the Editors or the Publisher.


