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Introduction 
Type 2 diabetes mellitus (T2DM) is the most prevalent 
type of diabetes mellitus (DM) in which elevated blood 
glucose (BG) levels are detected due to insulin resistance 
(IR) and deficiency.1 It has become a global health issue 
and it has extended to epidemic proportions in several 
developing countries.2 Both environmental and genetic 
factors contribute to the development of T2DM.3 In 
Pakistan, 15% people aged 60-70 years, are suffering from 
T2DM, while the prevalence is even higher (15-20%) aged 
>70 years. Globally, Pakistan is ranked 7th regarding 
T2DM prevalence and there is a trend of increase in 
morbidity and mortality rates due to this disease that also 
enhances the economic burden on families having T2DM 
patients.4 

There are various genetic and inherited factors that are 

involved in the aetiology of T2DM. Family of fatty acid-
binding protein (FABP) genes have several members, 
including fatty acid binding protein 2 (FABP2),5 having 
affinity for saturated and unsaturated fatty acids.6 That is 
why this protein plays a significant role in fatty acid 
uptake, transport and regulation of associated metabolic 
processes.7 The FABP2 gene is a 15-kDa molecule, 
composed of 3.4 kilobase (kb) pairs positioned at 
chromosomal location 4q28-4q31 and consists of three 
intron and four exon.8 It has been reported that G to A 
single nucleotide polymorphism (SNP) in exon 2 of FABP2 
gene in codon 54 leads to threonine (Thr) for alanine (Ala) 
substitution, and modifies the structure as well as the 
function of FABP2, and consequently alters the translation 
product.9 Ala54Thr variant in FABP2 gene leads to 
increased fatty acid uptake in the intestinal lumen as 
protein with this variant binds to fatty acids with two-fold 
affinity compared to the wild-type (WT) protein.10 

Glutathione S-Transferase (GST) is isoenzymes phase II 
family and this family is important to protect cells against 
oxidative stress (OS). GSTs are composed of seven classes; 
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Abstract 
Objective: To assess the association of single nucleotide polymorphisms in fatty acid binding protein-2 (rs1799883) 
and glutathione S-transferase pi (rs1695) genes with presence/absence of glutathione S-transferase mu and 
glutathione S-transferase theta genes in type 2 diabetes. 
Methods: The cross-sectional case-control study was conducted at Institute of Molecular Biology and 
Biotechnology during March till September 2019 and comprised type 2 diabetes patients and non-diabetic controls 
from two districts in southern Punjab. Polymerase chain reaction, polymerase chain reaction-restriction fragment 
length polymorphism and tetra-primer amplification refractory mutation system-polymerase chain reaction were 
applied to investigate glutathione S-transferase theta, mu and pi genes as well as fatty acid binding protein-2, as 
appropriate. The association of single nucleotide polymorphisms in all genes with the disease were studied either 
individually or in various combinations. Data was analysed using Minitab 18. 
Results: Of the 448 subjects, 248(55.4%) were patients and 200(44.6%) were controls. Overall there were 213(47.5%) 
males and 235(52.5) were females, and 141(31.5%) were aged 30-46 years. The presence of rs1799883 in fatty acid 
binding protein-2 (p=0.03) and the absence of glutathione S-transferase mu gene (p<0.001) had significant 
association with type 2 diabetes, while the presence of glutathione S-transferase theta and rs1695 in glutathione S-
transferase pi genes were not associated with the disease. Individuals with glutathione S-transferase mu gene null 
and Ileu/Ileu or Ileu/Val genotype of rs1695 in glutathione S-transferase pi gene have potential to develop type 2 
diabetes in their lifetime (p<0.05). 
Conclusion: The presence of rs1799883 in fatty acid binding protein-2 and the absence of glutathione S-transferase 
mu gene were found to play significantly in the development of type 2 diabetes. 
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omega, mu, alpha, zeta, theta, sigma and pi.11 The GST 
gene is a 25-kDa molecule. The glutathione S-transferase 
mu (GSTM1) gene is 3.4kb positioned at 1p13.3. The 
glutathione S-transferase theta (GSTT1) gene is 18kb 
positioned at 22q11.2. The glutathione S-transferase pi 
(GSTP1)) gene is 2.8kb positioned at 11q13.12 GSTs 
catalyse reduced glutathiones (GSH) conjugation to the 
numerous electrophilic compounds in the detoxification 
pathways. The redox form of GSH is extremely essential 
for numerous biological pathways. Any alterations in 
metabolism of GSH and GST activity could affect different 
signalling pathways (SPs) and increase the cells' 
sensitivity to the OSs, leading to progression of numerous 
diseases, including DM.13 

The association of single nucleotide polymorphisms 
(SNPs) in FABP214-17 or GSTs with DM has been reported in 
different populations,18-20 but no such data has been 
reported from Multan and Layyah districts in southern 
Punjab area of Pakistan. The current study was planned to 
fill the gap by assessing whether or not the presence or 
absence of GSTM1, GSTT1, rs1799883 in FABP2 and 
rs1695 in GSTP1 are related to T2DM. 

Subjects and Methods 
The cross-sectional case-control study was conducted at 
Institute of Molecular Biology and Biotechnology during 
March till September 2019 and comprised of clinically-
confirmed T2DM patients and healthy controls from two 
districts in southern Punjab. The cases of either gender 
were enrolled from various public and private hospitals in 
Multan and Layyah districts. The controls were age-
matched to the cases and were not suffering from T2DM 
or any systemic illness. All the experimental protocols 
were approved y the ethical committee of Institute of 
Molecular Biology and Biotechnology at Bahauddin 
Zakariya University Multan Pakistan via letter number 
IMBB/Ethics/106/2019. 

We used Solvin's formula to estimate sample size during 
random sample collection during present study. Solvin's 
formula was computed as;  

n = N / (1+N * e2).21 

Whereas: n = no. of samples, N = total population, e = 
margin of error. This information has been updated in 
revised manuscript. Following informed consent, all the 
subjects were interviewed using a questionnaire to collect 
epidemiological data, including age, gender, marital 
status, family history, smoking habit, exercise 
performance and diet preferences. During physical 
evaluation, height and body-weight of each subject was 
recorded and body mass index (BMI) was calculated as per 

the universal standard. Blood pressure (BP) and waist 
circumference (WC) were also recorded for each subject. 
During biochemical evaluation, the blood was sampled 
from the subjects following overnight fast to evaluate BG 
levels by using P500 biochemistry analyzer (Diatron, 
Hungary). Blood samples were also collected after 2 hours 
of meals to determine random BG (RBG) levels. Glycated 
haemoglobin (HbA1C) was also measured using A1C 
Glycohaemoglobin Analysis System (BioHermes, China). 

The blood sample (3-5ml) from every participant was 
collected and stored at -4°C in vials coated with 
ethylenediaminetetraacetic acid (EDTA) until they were 
further examined. Deoxyribonucleic acid (DNA) was 
extracted from whole blood following inorganic DNA 
extraction protocol.22 

A polymerase chain reaction-restriction fragment length 
polymorphism (PCR-RFLP) approach was used to 
genotype Ala54Thr SNP (rs1799883) in FABP2 gene. A pair 
of oligonucleotide primers was used for amplification.23: 
forward primer: 5'ACAGGTGTTAATATAGTGAAAAG3'; and 
reverse primer: 5'TACCCTGAGTTCAGTTCCGTC3'. A 20μl 
master mixture was prepared that consisted of 3μl of 
extracted DNA, 1μl of DNA polymerase (Thermo Scientific, 
United States), 2μl of deoxyribonucleotide triphosphate 
(dNTP) mixture, 1μl of each primer (12 pmol), 3μl of PCR 
buffer containing ammonium sulphate, 7.8μl double-
distilled water, and 1.2μl (25mM) magnesium chloride 
(MgCl2).23 

A thermal cycler (Gene Ampâ PCR system 2700, Applied 
Biosystems Inc., United Kingdom) was used to amplify 
DNA. Thermo-profile consisted of initial denaturation at 
95°C for 3min which was followed by 30 cycles of 
denaturation at 95°C for 30s, annealing for 30s at 55°C, 
elongation for 45s at 72°C and the final extension was 
carried out for 3min at 72°C.17 Restriction of amplified 
product was carried out by using Hha1 [a restriction 
enzyme enzyme that is isolated from Haemophilus 
haemolyticus bacteria] (New England BioLabs, USA) in a 
20μl reaction mixture that was composed of 10μl PCR 
product, 2μl of Cut smart buffer and 7μl of double-
distilled water at 37°C for 1 hour.17 A 2% agarose gel was 
used to resolve the restriction products and were 
observed on an ultraviolet (UV) trans-illuminator (Biostep, 
Germany). 

A multiplex PCR was carried out to document the 
presence and absence of GSTT1 and GSTM1 in the 
subjects.18 Cytochrome P450, family 1, subfamily A, 
polypeptide 1 (CYP1A1) gene (exon 7) was also amplified 
as the internal control. The oligo nucleotide primers used 
for the amplification of these genes were the following:  
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GSTM1 (Forward 5’-GAACTCCCTGAAAAGCTAAAGC-3'), 
reverse 5’-GTTGGGCTCAAATATACGGTGG-3'), GSTT1 
(forward primer 5'-TTCCTTACTGGTCCTCACATCTC-3', 
reverse primer 5'-TCACGGGATCATGGCCAGCA-3'), 
CYP1A1 (forward 5'-GAACTGCCACTTCAGCTGTCT-3', 
reverse 5'-CAGCTGCATTTGGAAGTGCTC-3').18 

A 50ml master mixture was prepared for PCR that 
contained 5ml template DNA, 5ml PCR buffer, 3.5ml MgCl2 
(25 mM), 2ml of each primer (12 Pm), 2ml of dNTPs (2mM) 
and 1ml of DNA polymerase (Thermo Scientific, USA). 
Thermal profile for the amplification of GSTM1, GSTT1 and 
CYP1A1 was: initial denaturation for 5min at 94°C 
followed by 35 cycles of the denaturation for 2min at 
94°C, annealing for 1min at 59°C and elongation for 1min 
at 72°C and final extension for 10min at 72°C. 

A tetra primer amplification refractory mutation system 
PCR (T-ARMS-PCR) was conducted to genotype Ileu 105 
Val of GSTP1 (rs1695 A/G) in exon 5 of GSTP1.23 The 
primers used in this T-ARMS PCR were: outer forward 5' 
CAGGTGTCAGGTGAGCTCTGAGCACC 3', outer reverse 5' 
ATAAGGGTGCAGGTTGTGTCTTGTCCCA3', inner forward 5' 
CGTGGAGGACCTCCGCTGCAAATCCA 3', inner reverse 5'-
GCTCACATAGTTGGTGTAGATGAGGGATAC-3'.24 A 
reaction mixture of 25ml was prepared comprising 3ml 
template DNA, 5ml PCR buffer, 2ml MgCl2 (25mM), 2ml of 
each primer (12 Pm), 2ml dNTPs (2mM), and 1ml Taq DNA 
polymerase (Thermo Scientific, USA). Further, rs1695 in 
GSTP1 was amplified by using thermal conditions, like 
initial denaturation 5min at 95°C followed by 35 cycles of 
denaturation for 30s at 95°C, annealing for 30s at 59°C, 
elongation for 30s at 72°C and the final extension for 
10min at 72°C. 

Data was analysed using Minitab version 18. Chi-square 
test was applied to report the correlation between T2DM 
and the studied demographic, clinical and biochemical 
factors. Association of alleles with T2DM was estimated by 
calculating odd ratios (Ors) at 95% confidence interval 
(CI). Chi-square test was also used to compare the 
genotype and allelic frequency of SNPs in FABP2 and 
GSTP1 between the cases and the controls. Genotypic 
frequencies were determined by direct counting, while 
online calculator of Hardy Weinberg equilibrium 25 was 
used for allelic frequency count. Chi-square test was again 
used to study the correlation of diabetes with SNPs 
Ala54Thr and Ileu105Val in FABP2 and GSTP1 respectively. 
P <0.05 was taken as significant. 

Results 
Of the 448 subjects, 248(55.4%) were patients and 
200(44.6%) were controls. Overall there were 213(47.5%) 
males and 235(52.5) were females, and 141(31.5%) were 

aged 30-46 years. PCR amplified a fragment of 180bp 
from FABP2. Upon restriction with Hha1, homozygous 
Ala54Ala was presented by bands of 81bp and 99bp, 
heterozygous Ala54Thr produced bands of 81bp, 99bp 
and 180bp and homozygous mutatnt Thr54Thr remained 
uncut (180bp) (Figure-1 A-B). 

Multiplex PCR amplified 480bp, 215bp and 312bp 
products for GSTT1, GSTM1 and CYP1A1 respectively 
(Figure 1C). During T-ARMS PCR, outer primers produced 
an amplicon of 467bp, homozygous WT (Ileu105Ileu) 
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Figure: A. Agarose gel image showing 180bp amplicon from FABP2 (lane 1-9, lane M 
contain 100 bp DNA ladder). B. PCR-RFLP assay for the detection of genotype at codon 
54 of FABP2. Lane 1, 4 homozygous mutant (Thr54Thr), lane 2, 5-7 heterozygous 
(Ala54Thr) genotype, lane 3 and 8, homozygous wild type (Ala54Ala) genotype, lane M 
contain 50 bp DNA ladder. C. PCR amplification of GSTM1, GSTT1 and CYP1A1 to report 
their presence or absence. Lane M 100 bp DNA ladder, lane 2 and 4 present GSTT1 null 
or GSTM1 present condition, lane 3 presents GSTM1 null or GSTT1 present, lane 5 and 6 
represents presence of both GSTM1 and GSTT1. D. T-ARMS PCR assay to report the 
genotype at codon 105 of GSTP1. Lane 2, 3 homozygous wild (Ileu105Ileu), lane 3, 4 
heterozygous (Ileu105Val) genotype, lane 5, homozygous mutant (Val105Val), lane M 
contain 100 bp DNA ladder. 
FABP2: Fatty acid binding protein-2, GSTP1: Glutathione S-transferase pi, GSTM1: 
Glutathione S-transferase mu, GSTT1: Gglutathione S-transferase theta, PCR-RFLP: 
Polymerase chain reaction-restriction fragment length polymorphism, T-ARMS PCR: 
Tetra-primer amplification refractory mutation system-polymerase chain reaction, 
DNA: Deoxyribonucleic acid, CYP1A1: Cytochrome P450, family 1, subfamily A, 
polypeptide 1.



generated 233bp, homozygous mutant (Val105Val) 
produced 290bp, while all three 467bp, 233bp and 290bp 
bands were generated by heterozygous (Ileu105 Val) 
subjects (Figure-1D). 

When various risk factors were compared between the 
controls and T2DM patients, age, gender, smoking, family 
history, exercise and planned diet were significantly 
associated with T2DM (p<0.05). Also, BMI, WC, fasting BG 
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Table-1: Analysis of the studied demographic, clinical and biochemical parameters and their association with the type 2 diabetes mellitus (T2DM). 
 
Characteristics                                                                        Category                                Case (N = 248)                Control (N = 200)                      Odds Ratio 95% CI                          P-value 
 
Age (Years)                                                                                       30-46                                                  66                                               75                                        1.041 (1.02, 1.069)                                     
                                                                                                             47-56                                                  76                                               57                                                            
                                                                                                             57-66                                                  61                                               44                                                                                                          0.002** 
                                                                                                          Above 66                                               45                                               24                                                            
Gender                                                                                             Male=1                                               107                                            106                                        0.530 (0.29, 0.96)                                      
                                                                                                        Female=0                                            141                                             94                                                                                                            0.04* 
Marital status                                                                               Single=0                                               27                                               23                                           0.49 (0.21, 1.20)                                        
                                                                                                        Married=1                                            221                                            177                                                                                                              0.1 
Smoking                                                                                           Yes=1                                                 47                                               25                                           3.78 (1.73, 8.29)                                        
                                                                                                             No=0                                                 201                                            175                                                                                                   P < 0.001*** 
Family History                                                                                 Yes=1                                                146                                             29                                          7.91 (4.36, 14.35)                                      
                                                                                                             No=0                                                 102                                            171                                                                                                   P < 0.001*** 
Exercise                                                                                             Yes=1                                                139                                            147                                          0.51 (0.28, 0.91)                                        
                                                                                                             No=0                                                 109                                             53                                                                                                          0.002** 
Planned Diet                                                                                    Yes=1                                                205                                            141                                          2.06 (1.32, 3.22)                                        
                                                                                                             No=0                                                  43                                               59                                                                                                      P < 0.001** 
Systolic Blood Pressure (mmHg )                       120<=Normal 121 > = High                           70                                               80                                          0.99 (0.97\, 1.01)                                       
                                                                                                       90 < = Low                                            91                                               97                                                                                                               0.3 
                                                                                                                                                                           79                                               32                                                            
Diastolic Blood Pressure (mmHg)                        80<=Normal 81 > = High                             79                                               71                                           1.03 (0.99, 1.07)                                        
                                                                                                       60 < = Low                                            89                                               98                                                                                                               0.1 
                                                                                                                                                                           78                                               39                                                            
BMI (kg/m2)                                                          30>=Obese 25-30= Overweight                        88                                                9                                            1.28 (1.18, 1.37)                                        
                                                                                                 18.5-25 = Normal                                      88                                               48                                                                                                          0.002** 
                                                                                             18.5< = Underweight                                  69                                             141                                                           
                                                                                                                                                                            3                                                 1                                                             
Waist diameter (Inches)                                                       30 >= Obese                                         248                                            193                                          1.22 (1.14, 1.29)                                        
                                                                                                 18.5-25 = Normal                                       0                                                 6                                                                                                           0.005** 
Fasting blood glucose (mg/dL)                                      80-100 = Normal                                        1                                                81                                                          -                                                       
                                                                                                  126 > = Diabetic                                      247                                               0                                                                                                       P < 0.001** 
Random blood glucose (mg/dL)                                   170-200= Normal                                      18                                               81                                                          -                                                       
                                                                                                  200 > = Diabetic                                      230                                               0                                                                                                                0.9 
HbA1c                                                                                     4-5.6% = Normal                                        4                                                81                                                          -                                                       
                                                                                                  5.7> = Diabetes                                      244                                               8                                                                                                           0.002** 

 

P > 0.05= non-significant, P < 0.05(*) = least significant; P < 0.01(**) = significant; P < 0.001(***) = highly significant. CI: Confidence interval, BMI: Body mass index, HbA1c: Glycated haemoglobin.

Table-2: Genotype and allelic frequency distribution among cases and controls at rs1695 in GSTP1 and rs1799883 in FABP2 genes, and their possible association with type 2 diabetes 
mellitus (T2DM). 
 
Gene and SNP                           Parameters                                                                                                                                  Allelic Frequency                                                                                  P-value 
 
FABP2 rs1799883      Nucleotide/amino acid change                        GG Ala54Ala                          GA Ala54Thr                      AA Thr54Thr                          Ala                             Thr  
                                                              Controls                                             57 (28.14%)                           96 (48.2%)                         47 (23.6%)                          0.52                            0.47                       0.03* 
                                                              Patients                                             76 (30.64%)                           91 (36.7%)                         81 (32.7%)                          0.48                            0.51 
GSTP1 rs1695              Nucleotide/amino acid change                      AA Ileu105Ileu                      AG Ileu105Val                    GG Val105Val                         Ileu                             Val 
                                                              Controls                                             177 (88.5%)                            19 (9.5%)                            2 (1.0%)                           0.952                         0.048                       0.07 
                                                              Patients                                             218 (87.9%)                           35 (14.1%)                           1 (0.4%)                           0.913                         0.087 

 

P > 0.05= non-significant; P < 0.05(*) = least significant  
SNP: Single nucleotide polymorphisms, FABP2: Fatty acid binding protein-2, GSTP1: Glutathione S-transferase pi.



(FBG) and HbA1c were significantly different between the 
groups (Table-1). 

For rs1799883 in FABP2, frequency of both WT (GG) and 
mutatnt (AA) alleles were significantly higher in the cases 
than the controls, while for rs1695 in GSTP1, none of the 
studied genotypes was associated with T2DM (Table-2). 

All the analysed demographic, clinical and biochemical 
parameters varied with all the three genotypes of 
rs1799883 in FABP2 and with re1695 in GSTP1, but the 
difference was not significant (p>0.05). 

Analysis of genotypic and allelic frequencies of GSTT1 and 
GSTM1 either individually or in combinations indicated 
that absence of GSTM1, absence of either GSTM1 or GSTT1, 
or the absence of both genes among the cases increased 
the risk of T2DM (p<0.05). The subjects with missing GSTM1 
and homozygous WT (Ileu/Ileu) or heterozygous (Ileu/Val) 
genotype of rs1695 in GSTP1 had higher incidence of 
disease (p<0.05). Those either with missing GSTT1 and 
homozygous WT (Ileu/Ileu) at rs1695 in GSTP1 or with 
GSTT1 and heterozygous (Ileu/Val) genotype at rs1695 in 
GSTP1 had higher incidence of developing T2DM (p<0.05). 
Patients with three combinations had significantly more 
association with T2DM: both GSTT1 and GSTM1 present 
and heterozygous (Ileu/Val) for GSTP1; GSTT1 present but 
GSTM1 absent and homozygous WT (Ileu/ Ileu) for GSTP1; 
and both GSTT1 and GSTM1 absent and homozygous WT 
(Ileu/ Ileu) for GSTP1 (Table-3). 

All allelic combinations having significantly higher 
frequency among the controls were protected 
combinations, while those having higher frequency 
among the cases were at higher T2DM risk (Tables-4). 

Discussion 
T2DM is the most frequent subtype of diabetes 
characterized by high blood glucose levels due to defective 
insulin secretion or compromised insulin action. T2DM 
leads to long-term problems, like failure of different organs, 
including kidneys, eyes, heart, nerves and damage to the 
blood vessels.3 As the incidence of T2DM and its related 
complications are alarmingly increasing, Pakistan is facing a 
huge healthcare burden.4 It has been an established fact 
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Table-3: Genotype and allelic frequency distribution among cases and controls for 
individual GSTs and/or their combinations and their possible association with type 2 
diabetes mellitus (T2DM). 
 
Genotype                                              Controls    Patients    Chi-Square         P-value 
 
GSTM1 
Present                                                           115               105               10.545         P < 0.001*** 
Null                                                                   84                143                                                   
GSTT1 
Present                                                           165               195                1.294                     0.3 
Null                                                                   34                 53                                                     
GSTP1 
Ileu/Ileu                                                         179               205                1.171                     0.3 
Ileu/Val                                                            19                 37                 1.779                     0.2 
Val/Val                                                              0                    3                  2.424                     0.1 
GSTM1 and GSTT1 
Both present                                                  86                 80                 0.217                     0.6 
Either Null                                                     102               134                4.339                  0.04* 
Both Null                                                          7                   30                14.297        P < 0.0001*** 
GSTM1 and GSTP1 
M1(+/+) and P1(Ileu/Ileu)                     107                88                 1.851                     0.2 
M1(+/+) and P1(Ileu/Val)                        8                   12                   0.8                       0.4 
M1(-/-) and P1(Ileu/Ileu)                          70                110               10.522         P < 0.001*** 
M1(-/-) and P1(Ileu/Val)                           12                 28                   6.4                    0.01** 
GSTT1 and GSTP1 
T1(+/+) and P1(Ileu/Ileu)                      150               156                0.118                     0.7 
T1(+/+) and P1(Ileu/Val)                         14                 35                     9                    0.002** 
T1(-/-) and P1(Ileu/Ileu)                            28                 47                 4.813                  0.03* 
T1(-/-) and P1(Ileu/Val)                              6                    4                     0.4                       0.5 
GSTT1, GSTM1 and GSTP1 
T1andM1(+/+) and P1 (Ileu/Ileu)         81                 67                 0.658                     0.4 
T1andM1(+/+) and P1 (Ileu/Val)           4                   12                     4                       0.04* 
T1(+/+), M1(-/-) and P1 (Ileu/Ileu)     58                 86                 5.111                 0.01** 
T1(+/+), M1(-/-) and P1 (Ileu/Val)      12                 22                 2.941                   0.09 
T1(-/-),M1(+/+) and P1 (Ileu/Ileu)      24                 21                   0.2                       0.7 
T1(-/-), M1(+/+) and P1 (Ileu/Val)        3                    1                       1                         0.3 
T1(-/-), M1(-/-) and P1 (Ileu/Ileu)          3                   26                18.241         P < 0.001*** 
T1(-/-), M1(-/-) and P1 (Ileu/Val)            3                    4                  0.143                     0.7 
 

P >0.05= non-significant; P < 0.05(*) = least significant; P < 0.01 (**) = Significant; P < 
0.001(***) = Highly significant  
+/+ represents that two copies specific gene present  
-/- represents that two copies specific gene present  
GSTP1: Glutathione S-transferase pi, GSTM1: Glutathione S-transferase mu, GSTT1: Glutathione S-
transferase theta.

Table-4: Distribution of various allelic combinations of rs1799883 in FABP2 and rs1695 in GSTP1 among cases and controls, and their association with type 2 diabetes mellitus (T2DM). 
 
GSTP1 (Ileu105 Val)              FABP2 ([Ala54Thr)                  Haplotype                          Case                           Control                         Proportion                     Chi-square                   P-value 
A/G                                                                G/A                                                                                                                                                               Test (P-value)                        value 
 
A                                                                        G                                              GA                                     383                                  154                                    0.000                                523.416                  P < 0.001 *** 
G                                                                        G                                              GG                                      60                                     33                                      0.007                                                                                
A                                                                        A                                              AA                                       3                                     443                                    0.000                                                                                
 

P < 0.001 = Highly significant (***) 
FABP2: Fatty acid binding protein-2, GSTP1: Glutathione S-transferase theta gene.



now that environmental factors play a significant role in the 
onset of diabetes; in particular, physical inactivity and 
obesity.18 Analysis of biochemical parameters during the 
present study revealed that BMI, WC, FBG and HbA1c levels 
were significantly associated with the incidence of 
diabetes. Te results are in support of Bid et al.18 

FABP2 is involved in the absorption and intracellular 
transport of long-chain fatty acids. It has been 
documented that individuals having Thr at codon 54 in 
exon 2 of FABP2 gene, instead of the usual Ala, have more 
affinity for long-chain fatty acids and they can be obese 
and can develop insulin resistant.22 The results of the 
current are in agreement with the above-mentioned 
findings. The current results are also confirmation of those 
reporting that rs1799883 in FABP2 was significantly 
associated with T2DM.17,14,24,26 Contrasting results were 
reported by two studies.16,27 

GST is a family of detoxifying enzymes that protect human 
cells from ROS and polymorphisms/mutations in these genes 
can lead to the production of unwanted reactive oxygen 
species (ROS) associated with a variety of pathological 
conditions, including DM.28 GSTM1 can detoxify genotoxins, 
GSTT1s are involved in the utilisation of oxidised lipids and 
DNA, while GSTP1 is responsible for detoxifying the products 
that result from DNA oxidation, and is also involved in the 
utilisation of smoke-derived carcinogens.18 The current study 
explored the presence or absence of GSTT1 and GSTTM1 and 
polymorphism rs1695 in GSTP1 in subjects enrolled from 
southern Punjab comprising both healthy controls and T2DM 
patients. No association was observed between rs1695 in 
GSTP1 with DM. It was observed that the presence or absence 
of GSTT1 was not associated with T2DM, but the absence of 
GSTM1 had significant association with the disease. The 
findings are in agreement with those of Moasser et al.19 
However, the frequency of GSTT1 and GSTP1 genotypes did 
not vary significantly between the groups. Bid et al.18 had 
observed a significant association of GSTM1 null, similar to 
the current findings, GSTP1 null allele with T2DM and no 
significant association of GSTT1 with T2DM, which, again, was 
similar to the current findings. Bid et al.18 postulated that 
GSTM1 null seemed to enhance the risk of developing DM 
almost two-fold due to OS. Mastana et al.29 reported higher 
proportion of GSTT1 and GSTM1 null genotypes in diabetics 
when compared with healthy controls. Banerjee et al.30 had 
documented that the null/null GSTM1 increased the DM risk 
up to 1.7-fold. Stoian et al.31 had documented that 
polymorphism in GSTP1 may lead to the development of 
T2DM in the Romanian population. In Iran, Akbari et al.20 
reported no effect of Ile105Val in GSTP1 on incidence of type 
one DM. They also documented that individuals with either 
double-null GSTP1 or having Ile/Val genotype were at 

increased risk of DM. The presence of this Ile/Val allele affects 
the active site of GSTP1 led to reduced enzymatic activity.20 
This effect was not observed in the present study although it 
was observed that GSTM1 null and GSTP1 Ile/Val genotype 
was more susceptible to developing T2DM. We believe that 
odds ratio (OR) of the disease risk rises as more and more 
genes are interacting, indicating that gene-gene interaction 
and genotypes at specific SNPs play a significant role in the 
aetiology of T2DM. 

The present investigation did not observe association of 
rs1799883 in FABP2 with the studied demographic, 
clinical and biochemical parameters, and the results are in 
line with earlier studies10,15. in contrast, Martinez-Lopez et 
al.32 reported that carbohydrate intake and resting 
metabolic rate were higher in subjects with 
Ala54Thr/Thr54Thr genotype in FABP2. 

The present study found that all the studied demographic, 
clinical and biochemical parameters varied non-significantly 
with all the genotypes of GSTP1 or with the 
presence/absence of GSTT1 and GSTM1. Bid et al.18 reported 
no association of any genotype of rs1695 in GSTP1 and the 
presence or absence of GSTT1 with the studied demographic 
and biochemical parameters in north Indian population, but 
they had found higher low-density lipoprotein (LDL) and 
cholesterol to be associated with GSTM1 allele. Nothing can 
be commented upon the matter as the current study did not 
determine serum cholesterol levels. 

The results regarding FABP2 and GST genotypes and their 
association with T2DM in the current study were not in 
agreement with several studies that are cited above and 
that is probably due to the impact of ethnicity on the 
general characteristics of the study subjects. 

The current study has several limitations. The sample size 
was small and it only analysed two SNPs. Despite the 
limitations, however, the current study is valuable as it the 
first such study from southern Punjab in Pakistan, and 
represents an advance in biomedical sciences, because it 
found that rs1799883 in FABP2 and the absence of GSTM1 
had significant association with T2DM in the region. 
Individuals with GSTM1 null and Ileu/Ileu or Ileu/Val 
genotype of rs1695 in GSTP1 were found to at a very high 
risk of developing T2DM. 

Conclusion 
The presence of rs1799883 in FABP2 and the absence of 
FSTM1 gene were found to play significantly in the 
development of T2DM. 

Disclaimer: The text is based on an M. Phil thesis. 
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