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Single Nucleotide Polymorphism in the 3’
Untranslated Region of PRKAA2 on Cardiometabolic
Parameters in Type 2 Diabetes Mellitus Patients Who
Received Metformin

Dita Maria Virginia(®', Christine PatramurtiZ, Fenty'?, Christianus Heru Setiawan(®',

Jefry Julianus®, Phebe Hendra', Nicholas Adi Perdana Susanto® Video abstract
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Correspondence: Dita Maria Virginia, Universitas Sanata Dharma, Mrican, Tromol Pos 29, Yogyakarta, 55281, Indonesia, Poin your SmartPhone a the code
Tel +62 274 513301, Fax +62 274 562383, Email virginia@usd.ac.id above. Ifyou fave a QR code reader the

video abstract will appear. Or use:
https://youtu.be/AUSnCCK6s_g

'Department of Pharmacology and Clinical Pharmacy, Faculty of Pharmacy, Sanata Dharma University, Yogyakarta,
Indonesia; 2Department of Pharmaceutical Analysis and Medicinal Chemistry, Faculty of Pharmacy, Sanata Dharma
University, Yogyakarta, Indonesia; *Bethesda Lempuyangwangi Hospital, Yogyakarta, Indonesia

Purpose: This study aimed to explore the association of 75857748 A>C as 3'UTR variants with blood pressure, HbAlc profile, and
lipid profiles as cardiometabolic parameters among patients with T2DM receiving metformin.

Patients and Methods: This cross-sectional analytic research was conducted with 114 consecutively selected patients with T2DM.
Polymerase chain reaction-restriction fragment length polymorphism was conducted to determine rs857148. A total of 108 patients
fulfilled inclusion and exclusion criteria.

Results: Genotype distribution agreed with the Hardy Weinberg Equation for Equilibrium (p>0.05) but wildtype allele was found as
the minor allele. Subjects with CC genotype and C allele had enhanced HbAlc levels (OR=7.12; 95% CI=1.05-48.26; p=0.04;
OR=1.66; 95% CI=1.06-2.60; p=0.03, respectively). It was confirmed by dominant model whereas subjects with AA tended to have
reduced HbAlc compared to AC+CC genotype (OR=0.15; 95% CI=0.02-0.97; p=0.047). AC genotype had significant correlation to
total cholesterol (OR=1.05; 95% CI=1.01-1.10; p=0.03) compared to AA genotype.

Conclusion: We conclude that polymorphism of rs87148, specifically CC genotype and C allele, has a significant association with
HbA1c and total cholesterol after considering oral hypoglycemia agent dose, age, gender, and combination therapy, compared to AA
genotype. Future studies that involve a larger sample population and more rigorous selection criteria are required.

Keywords: PRKAA2, 1s857148, 3'UTR, cardiometabolic, type 2 diabetes mellitus

Introduction
The prevalence of type 2 diabetes mellitus (T2DM) is regarded as a serious public health problem, especially in
developing countries." Metformin is recommended as a cornerstone for initial therapy of T2DM. However, additional
therapy may be added in combination when the target HbAlc has not been achieved. Remarkably, the T2DM
prevalence in Indonesia has been rising in the last two decades,® especially among the urban population.’ Studies related
to metformin efficacy either monotherapy or combination in Indonesian population found that our patients tend to have
poor glycemic control.®®

Several publications have declared glycemic response variations of metformin therapy, either monotherapy or
combination therapy.”!" Furthermore, a group of patients could not tolerate the metformin’s side effects.'? A study

among patients with T2DM who were covered national health insurance in Indonesia confirmed that the patients reported

Therapeutics and Clinical Risk Management 2022:18 349-357 349

Received: 17 November 2021 © 2022 Virginia et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
Z‘a turmi’dﬁ(ed: lEWQr&H}@@zEngrega de integridad Framrmm php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecorbraposmidlsemey/ BphaBri{piRy: arlesSR 4368306

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Published: 5 April 2022


https://youtu.be/AU5nCCK6s_g
http://orcid.org/0000-0003-0469-1913
http://orcid.org/0000-0003-4860-1115
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com

z'l_.l turgr\i:ti{m Page 5 of 12 - Engrega de integridad Submissiof JB {rm;oid::1:3279368306

metformin side effects in the gastrointestinal tract.'* On the other hand, it is well known that the main pharmacological
mechanism of metformin is reducing gluconeogenesis in the liver besides sensitizing insulin and improving GLP-1."*!°
Notably, adenosine monophosphate protein kinase (AMPK) contributed as the main target of the metformin
mechanism, '’

Individual genetic imprints are one of the causes of metformin effectiveness variability. The previous study confirmed
that genetic variations affect metformin efficacy regarding pharmacokinetics and pharmacodynamics of metformin.'® !
Recently, AMPK is the focused enzyme related to metformin pharmacodynamic. Xiao et al in 2021 reported that one of
the subunits of AMPK, which is PRKAG2, is associated with metformin response among Chinese patients with T2DM.?!
AMPK has 3 subunits whereas AMPKo2, encoded by PRKAA2, plays a pivotal role during Thr-172 phosphorylation.****

Metformin has been reported to have a beneficial effect on blood pressure and lipid profiles. Hypertension risk could
be reduced among metformin users who are newly diagnosed with T2DM.** Metformin has proven blood pressure
reduction in patients with T2DM compared with insulin therapy.”> Monotherapy metformin could significantly reduce
triglyceride and low-density lipoprotein cholesterol (LDL-c) levels, and enhance (high-density lipoprotein cholesterol)
HDL-c.?® The various international guidelines recommend detecting and monitoring cardiometabolic parameters in
addition to HbAlc level in patients with T2DM.>* Therefore, it is important to assess cardiometabolic parameters to
reduce cardiovascular disease risk in patients with T2DM.?”® Virginia et al in 2021 demonstrated that the PRKAA2
genetic variation (rs9803799) had a significant association to cardiovascular risk among patients with T2DM receiving
monotherapy metformin.*’

However, few studies have observed the association of cardiometabolic parameters and AMPK subunit genetic
variations. Single nucleotide polymorphism (SNP) rs857148 is a 3” untranslated region (UTR) of PRKAA2 and located in
chromosome 1:5,670,948.%° Although this SNP is not located in the exon area, the 3> UTR has been confirmed to affect
DNA stability and the micro RNA/mRNA interaction, mRNA stability, localization, translation, and degradation.3 1-33
Therefore, this present study aimed to observe the influence of 3° UTR PRKAA?2 variants, especially rs857148 A>C, on
blood pressure, HbAlc profile, and lipid profiles as cardiometabolic parameters among patients with T2DM consuming

metformin.

Materials and Methods

This observational analytic research using a cross-sectional study design was conducted at the Bethesda
Lempuyangwangi Hospital, Yogyakarta, Indonesia. The study included patients with T2DM who were 35-75 years
old using national health coverage and have been consuming metformin either monotherapy or combination therapy for
a minimum of 3 months consecutively. We excluded patients with other types of diabetes mellitus, including type 1,
monogenic, and gestational, had eGFR<30 mL/min, and refused to sign informed consent. The minimum sample size
was 98 participants according to our study design and using type 1 error rate 0.05, power 0.8, predicted risk ratio 2.0, and
proportion 0.3. A total of 114 patients with T2DM were consecutively recruited in this study, and only 6 participants
were excluded because they did not receive metformin.

Patient’s data related to age, gender, blood pressure, and medication information were collected from medical records.
Biochemical and genotyping data were obtained from blood samples were which collected during appointments. This
study was approved by the Medical and Health Research Ethics Committee of Faculty of Medicine, Public Health, and
Nursing, Universitas Gadjah Mada (KE/FK/0520/EC/2021) and data were complied with the principles established by
Declaration of Helsinki and promoted by the Committee on Publication Ethics (COPE). All enrolled participants signed
an informed written consent before participating.

Biochemical Analysis

Blood samples were collected in the morning after 8—10 h fasting by venipuncture. Clinical biochemical analyses were
performed at the Laboratory of Bethesda Lempuyangwangi Hospital. Laboratory tests included HbA1c and lipid profiles
(total cholesterol, HDL-c, LDL-c, and triglycerides), which were measured in fresh samples. HbAlc was assayed using
tetradecyl trimethyl ammonium bromide. Total cholesterol levels were determined by cholesterol oxidase method/CHOD
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PAP. HDL-c and LDL-c were analyzed using direct methods. Glycerol-3-phosphate oxidase was applied to measure
triglyceride levels.

DNA Extraction and Genotyping Analysis

Genomic DNA was extracted from peripheral blood in the K3EDTA tube by FavorPrep™ Genomic DNA Extraction Mini
Kit following manufacturing procedures. The quality of DNA was evaluated using electrophoresis. Extracted DNA samples
were stored at —70°C until genotyping analysis. Single nucleotide polymorphism (SNP) rs857148 was selected according to
the International HapMap Project (http://hapmap.ncbi.nlm.nih.gov/). Genotyping was performed using polymerase chain

reaction restriction fragment length polymorphism (PCR-RFLP). One set of primers of forward
5’- GACTAAGTTTCTCCTGTGTTAGTGG-3" and reverse 5’-TTCCCAAAAGAGGTATGGACCC-3’ was applied for
the amplification 369 bp. Each individual sample contained 5 pL. of DNA which was mixed with 12.5 pL of the GoTaq
Green Master Mix® in a PCR tube. Following an initial denaturation step at 95 °C for 5 min. We conducted thirty five cycles
of amplification including, denaturation (95°C for 20s), annealing (56.1°C for 30s) and extension (72°C for 30s), with a final
extension step at 72°C for 5 min. The PCR products were electrophoresed on a 3% agarose gel to check PCR product size.
BSuRI restriction enzyme (ThermoScientific) was applied to detect rs857148 in the PRKAA2. The reaction mixtures were
incubated at 37°C for 2 h, were inactivated at 37°C for 20 min, then were electrophoresed on 1.5% agarose gel.

We did PCR condition optimization, including annealing temperature and primer concentration. Incubation duration
during the restriction process was also optimized. Validation of genotyping procedure was done through replication of
several samples randomly using the same method which was PCR-RFLP.

Statistical Analysis

Data are expressed as frequency (percentage) for categorical variables or as mean+tstandard deviation (SD) for contin-
uous variables. We performed Anova or Kruskal Wallis as appropriate to compare clinical characteristics between
rs857148 genotypes. Multinomial logistic regression analysis was used to determine the association of rs857748 with
hypertension, HbAlc level, and lipid profile, where hypertension categorized as blood pressure >130/>80 mmHg.
Multiple inherited models including dominant, recessive, and allelic models were applied to estimate the influence of
rs857148 on cardiometabolic parameters. A two tailed p-value < 0.05 was considered significant statistically. Two
regression models were constructed to adjust potential confounders. Model 1 was adjusted for metformin dose,
combination either sulfonylurea or insulin. Additionally, model 2 was adjusted for age, gender, metformin dose,
glimepiride dose, and combination either sulfonylurea or insulin. We conducted all statistical procedures using SPSS
software version 25.0 (IBM Corp., Armonk, NY)).

Results

Table 1 presents participants’ characteristics with an average age 60.58+8.16 years old and predominately female
subjects. Interestingly, the mean of HbAlc was considered poor glycemic control, but the mean of lipid profiles was
adequate. Metformin as combination therapy was predominantly prescribed in our study sample.

We obtained different patterns of our PCR products after applying the BSuRI enzyme: wildtype homozygote (AA)
indicated by one band of 369 bp, heterozygote (AC) indicated by three bands of 125, 244, and 369 bp, and mutant
homozygote (CC) indicated by two bands of 125 bp and 244 bp (Figure 1). The genotype frequencies in our study sample
were consistent with the Hardy-Weinberg equilibrium (HWE) equation (p=0.40). Table 2 shows clinical characteristics
according to rs857148 genotype. We found that only systolic blood pressure had a significant difference between the
rs85714 genotype (p=0.03).

Table 3 displays the results of multiple regression analysis to detect any relationship between genotype model and
cardiometabolic parameters. Overall, we discovered a significant relationship between SNP 5857148 and HbAlc level in
model 2. Subjects with CC genotype were detected to have significantly increased HbAlc levels (OR=7.12; 95%
CI=1.05-48.26; p=0.04). It was asserted through recessive and allelic models where subjects with AA tended to have
reduced HbAlc lower than those with AC+CC genotype, and subjects with C allele tended to have increased HbAlc
levels (OR=0.15; 95% CI=0.02-0.97; p=0.047, OR=1.66; 95% CI=1.06-2.60; p=0.03, respectively). For the other
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Table | Participants’ Characteristics

Characteristics MeantSD/n (%)
Age (years) 60.58+8.16
Gender (female) 67 (62)
Blood pressure (mmHg) 137.67+20.21/77.02+10.87
HbAIc (%) 8.46+1.70
Total cholesterol (mg/dL) 196.12+39.14
HDL-c (mg/dL) 49.92+21.52
LDL-c (mg/dL) 137.57+72.39
Triglycerides (mg/dL) 158.04+102.17
Antidiabetic profiles:

Monotherapy metformin 29 (26.9)
Metformin in combination with other OAD 79 (73.1)
Metformin dose (mg/day) 1440+364.77

Note: Numerical data were expressed as meantstandard deviation (SD), and categorical data were
expressed as n (%).

Abbreviations: HDL-c, high density lipoprotein cholesterol; LDL-c, low density lipoprotein choles-
terol; OAD, oral antidiabetic agent(s).

cardiometabolic parameters, only total cholesterol was correlated with rs857148 calculated using model 2 (OR=1.05;
95% CI=1.01-1.10; p=0.03).

Discussion

A number of studies have explored the association between a list of genetic variants and cardiometabolic parameters.®* ¢
To our knowledge, our study is the first study that observed the 3’ UTR variant, especially rs857148 related to
cardiometabolic parameters, within the Yogyakarta population. This was the initial study related to personalized, patient-
centered medicine, and we could only recruit a small number of participants. Cardiometabolic parameters in detail in this
study include hypertension, HbAlc, and lipid profiles.

The association between hypertension and rs857748 in our study is not well concluded yet. This is because we found
significant statistical difference only in systolic blood pressure among the 75857748 genotype, but not in diastolic blood
pressure. Some studies have revealed the molecular explanation of AMPK and hypertension. AMPK activates sarco-
plasmic/endoplasmic Ca2+-ATPase (SERCA), thus reducing ion Ca2+ devaluated, and the result is directly vascular
smooth muscle relaxation.’” Enhancing phosphorylated AMPK could suppress the expression of the angiotensin II type 1
receptor. Therefore, AMPK activation affects blood pressure.*®

Our study has observed that subjects with CC genotype and C allele tended to have increased HbAlc levels after
adjusted for metformin and glimepiride dose, age, gender, and considering combination therapy. Remarkably, there are
limited association studies related to rs857748. We found a study that investigated the effect of 75857148 variants on
non-lung small cancer prognosis,>® but no study that discussed the effect of HbA lc, previously. However, three SNPs of
PRKAA?2 have been demonstrated in the previous study and it revealed no association to HbAlc.*® These discrepancies
could be due to the difference in the participants’ selection. We recruited T2DM patients with less rigorous criteria than
the previous study who engaged only newly diagnosed T2DM patients. Therefore, further studies are required focusing
on rs857148 with a larger sample population and applying more rigorous criteria to confirm the association that we found
in our study.

A study among patients with T2DM performed by Sokolova et al in 2019 reported that phosphorylated AMPK was
decreasing when the blood HbA 1c level was increasing.*' Luo et al in 2020 conducted a Mendelian randomization study

Zl'—_l t&i’hitin}‘“‘“: Page’7 of 12 - Engrega de integridad Therapeutics and Clinical Risksiflanagesnent:202:183279368306
Dove!


https://www.dovepress.com
https://www.dovepress.com

Submission ID trvp’gmﬁB@Z%}GS?,Os

zﬂ turritif‘pregyge 8 of 12 - Engrega de integridad

13

12 11 109

8

Figure | The PCR-RFLP results to determine PRKAA2 rs857148 variants. L= ladder (marker 50 bp), 8, 9, 10, I, I3 are mutant homozygote genotype, |12 is wildtype

homozygote genotype, and 14 is heterozygote genotype.

and found that HbAlc reduction was instrumented by AMPK variants.*> AMPK activation through phosphorylation

induced by ATP/AMP changes and induced by metformin. Notably, AMPK controls energy metabolism in the whole

body. Biologic functions of AMPK related to HbAlc include glycolysis promotion, glucose transport enhancing, and

gluconeogenesis inhibition.**** Therefore, it requires further investigations to confirm our findings, whether as the

impact of T2DM or the effect of metformin.

Table 2 Patients’ Clinical Characteristics Based on the Genotype of rs857148

Clinical Characteristics AA (n=15) AC (n=45) CC (n=48) p-value
HWE = 0.40
Age (years) 61.33£10.46 60.18+7.17 60.73+8.40 0.88
Systolic blood pressure (mmHg) 141.07+12.38 142.67+23.00 131.92+18.09 0.03°
Diastolic blood pressure (mmHg) 76.00+8.95 79.18+11.40 75.31£10.76 0.22
HbAlc (%) 8.17+1.84 8.54%1.77 8.47+1.61 0.76
Total cholesterol (mg/dL) 191.20+41.70 200.33+35.81 193.71+41.70 0.63
HDL-c (mg/dL) 51.60+15.70 48.31%13.36 50.90+28.46 0.8l
LDL-c (mg/dL) 116.80+34.74 135.67+41.87 145.85+95.59 0.39
Triglycerides (mg/dL) 144.73£71.45 175.16+£120.25 146.15+90.69 0.34

Notes: *p<0.05; Kruskal-Wallis test.

Abbreviations: HDL-c, high density lipoprotein cholesterol; LDL-c, low density lipoprotein cholesterol.
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Table 3 Multiple Regression Analysis of rs857/48 and Cardiometabolic Parameters

(L X

(z X'

Genotypes Hypertension (Yes) HbAIc (%) Total Cholesterol (mg/dL) HDL-c (mg/dL) LDL-c (mg/dL) Triglycerides (mg/dL)
OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Model |

AA 1.00 (reference)

AC 0.31(0.06—1.66) 0.17 1.24(0.80-1.91) 0.33 1.01(0.99-1.02) 0.50 0.99(0.96-1.02) 0.62 1.01(0.99-1.02) 0.27 1.00(0.99-1.01) 0.42

CcC 0.27(0.05-1.38) 0.12 1.51(0.06-2.39) 0.08 1.00(0.99-1.02) 0.74 1.00 (0.97-1.03) 0.99 1.01(0.99-1.03) 0.13 1.00(0.99-1.01) 0.98

Dominant 0.89(0.38-2.09) 0.78 1.29(0.96-1.73) 0.10 1.00(0.99-1.01) 0.80 1.01(0.99-1.02) 0.62 1.00(0.99-1.01) 0.22 1.00(0.99-1.02) 0.26

RecessiveAA 3.59(0.73-17.72) 0.12 0.74(0.49-1.13) 0.16 1.00(0.99-1.01) 0.58 1.00 (0.98-1.03) 0.81 0.99(0.98-1.00) 0.18 0.99(0.99 —l.01) 0.66

Allele A 1.00 (reference)

Allele C 0.60(0.31-1.15) 0.12 1.22(0.99-1.50) 0.06 1.00(0.99-1.01) 0.90 1.00(1.00-1.01) 0.81 1.00(1.00-1.01) 0.12 0.99(0:99-1.02) 0.53

Model 2

AA 1.00 (reference)

AC 0.34 (0.03—4.39) 0.41 6.33 (0.92-43.71) 0.06 1.05 (1.01-1.10) 0.03* 1107(0.97-1.20) 0.19 1.01(0.99-1.04) 0.34 1.01(0.99-1.02) 0.41

CcC 0.47 (0.04-5.32) 0.54 7.12 (1.05-48.26) 0.04* 1.02 (0.99-1.06) 0.22 1.08 (0.97-1.21) 0.15 1.01 (0.99-1.04) 0.32 0.99 (0.98-1.01) 0.24

DominantCC 1.06 (0.27—4.23) 0.93 1.55 (0.78-3.07) 0.21 0.99 (0.97-1.01) 0.35 1.02 (0.98-1.05) 0.41 1.00 (0.99-1.01) 0.63 0.99 (0.98-1.00) 0.20

RecessiveAA | 2.53 (0.24-27.12) 0.44 0.15 (0.02-0.97) 0.047* 0.97 (0.94-1.01) 0.10 0.93 (0.83-1.03) 0.16 0.99 (0.96-1.01) 0.30 1.00 (0.99-1.01) 0.88

Allele A 1.00 (reference)

Allele C 0.85 (0.30-2.42) 0.76 1.66 (1.06-2.60) 0.03* 1.00 (0.99-1.02) 0.80 1.02 (0.99-1.06) 0.26 1.00 (0.99-1.01) 0.44 0.99 (0.99-1.00) 0.15

Note: *p<0.05.

Abbreviations: Cl, confidence interval; HDL-c, high density lipoprotein cholesterol; LDL-c, low density lipoprotein cholesterol;JOR, oddsiratic:
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3-methylglutaryl (HMG) coenzyme A (CoA) reductase (HMGCR), thus regulating the cholesterol biosynthesis.*’
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