
Open Access Library Journal 
2016, Volume 3, e3188 
ISSN Online: 2333-9721 

ISSN Print: 2333-9705 

DOI: 10.4236/oalib.1103188  November 25, 2016 

 
 
 

The Association between the KLF14 rs4731702 
SNP and the Lipid Profile in Type 2 Diabetes 
Mellitus Patients: A Study in San Luis City,  
San Luis, Argentina 

Micaela Fernanda Álvarez, Miriam Ester Vásquez Gómez, Irma Inés González, Gustavo Fernández, 
Susana Siewert* 

Laboratory of Diabetes, Department of Biochemistry and Biological Sciences, School of Chemistry, Biochemistry and Pharmacy, National 
University of San Luis, San Luis, Argentina 

           
 
 

Abstract 
The single nucleotide polymorphism (SNP) rs4731702 in the KLF14 transcription 
factor gene has been associated with type 2 diabetes mellitus (T2DM) and HDL-c 
concentrations. The aim of the present study was to determine the distribution of 
KLF14 rs4731702 SNP and evaluate the association between this SNP and serum li-
pid profile in T2DM patients in a patient population at San Luis province, Argentina. 
A total of 73 volunteers (26 T2DM patients and 47 healthy age-matched controls) 
were genotyped for KLF14 rs4731702 SNP by Tetra Primer ARMS-PCR. The KLF14 
genotypes distribution among study groups was not significantly different. In T2DM 
patients, there was a difference in HDL-c values and TC/HDL-c ratio, with T carriers 
of the rs4731702 SNP (non C/C) having higher HLD-c and lower TC/HDL-c ratio 
values than C/C homozygotes (p = 0.0047 and 0.0041, respectively). HDL-c levels 
were higher in diabetic patients, without dyslipidemia, carrying the genotype non- 
C/C (p = 0.023). Conversely, TC and LDL-c levels were lower in diabetic patients, 
without dyslipidemia, in non-C/C carriers (p < 0.001). The results of the current 
study showed that T2DM is characterized by dyslipidemia, and that the alterations 
observed in the lipoprotein might be related to lower KLF14 activity in diabetic pa-
tients as a consequence of C/C genotype and insulin resistance. 
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Dyslipidemia 

 

1. Introduction 

Type 2 diabetes mellitus (T2DM) is a chronic disease also known as adult-onset diabetes 
or non-insulin-dependent diabetes. It accounts for more than 90% of all diabetes cases 
in the global population. Without proper monitoring, it can lead to serious complica-
tions such as cardiovascular, kidney, nervous, and eye diseases; including death. T2DM 
is a life-long condition that requires careful nutritional and pharmacologic managements. 
The incidence and prevalence of T2DM has reached epidemic proportions worldwide 
and is increasing [1]. 

Insulin resistance and abnormal insulin secretion are the hallmark of T2DM. Meta-
bolic syndrome is defined as a cluster of metabolic disturbances that include insulin re-
sistance, abdominal obesity, hyperglycemia, hypertension, and dyslipidemia. This syn-
drome is common in poorly controlled T2D patients. Although environmental factors, 
particularly caloric excess and physical inactivity, play major roles in metabolic syndrome, 
the traits are highly heritable [2].  

Large-scale genome-wide association studies (GWAS) have identified that a genetic 
variant on chromosome 7 is strongly associated with both HDL trait and CHD [3] [4] 
[5] [6] [7]. This variant lies in a non-coding region in the vicinity of KLF14, which en-
codes the transcription factor KLF14 (Kruppel-like factor 14). KLF14 is a member of a 
large family of zinc-finger transcription factors that has been widely studied in em-
bryogenesis, cell proliferation, differentiation, and development. The 18 KLFs described 
in mammals possess highly conserved cysteine and histidine zinc fingers, critical for 
recognition and binding to CACCC or CGCCC DNA motifs [8]. 

KLF14 may acts in trans to regulate the expression of a network of genes controlling 
several metabolic traits (e.g., LDL-c, HDL-c, TG and BMI) [9]. Variants near the ma-
ternally-expressed transcription factor KLF14 are robustly associated with both T2DM 
and HDL-c concentration in GWAS. These studies have implicated a group of highly- 
correlated SNPs including rs4731702 approximately 14 kb upstream of the transcrip-
tion-starting codon of the KLF14 gene [4] [10].  

In addition, functional studies found that the maternally transmitted T allele of 
rs4731702 is associated with increased expression of KLF14 in adipose tissue (rs4731702 
acts in cis to influence KLF14 expression). All these evidences indicate that this KLF14 
variant is an important regulator of lipoprotein metabolism [11]. 

The present study was aimed at determining the distribution of rs4731702 SNP ge-
notypes and evaluates its association with serum lipid profile in T2DM patients. 

2. Research Design and Methods 
2.1. Study Population 

The present study was carried out in accordance with the guidelines of the Helsinki 
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Declaration. A total of 73 volunteers (26 T2DM patients and 47 healthy age-matched 
controls) participated in this study. Criteria published by the Report of the Committee 
on the Classification and Diagnostic Criteria of Diabetes Mellitus were used to diagnose 
T2DM [12]. These patients resided in San Luis, Argentina. The protocol for the present 
study was approved by the local Institutional Review Board, and written informed con-
sent was obtained from each patient to be enrolled. Exclusion criteria included renal, 
hepatic or brain-vascular disorders, endocrinal disorders, women receiving estrogen 
therapy and chronic disorders, as well as the use of lipid-lowering drugs, which can af-
fect glucose metabolism and/or insulin sensitivity. All participants were recruited con-
secutively between March 2015 and March 2016. 

2.2. Anthropometric and Clinical Data 

For each enrolled participant, height (H, m), weight (W, kg) and waist circumference 
(WC; cm) were measured. Height and weight were measured to the nearest 0.5 cm and 
0.1 kg, respectively. The body mass index (BMI) was calculated as weight divided by 
height squared (kg/m2). 

2.3. Definitions 

The criteria for weight classification by BMI were according to the Clinical Guidelines 
on the Identification, Evaluation, and Treatment of Overweight and Obesity in Adults 
[13]. Participants were classified according to the following criteria: Underweight is de-
fined as BMI < 18.5 kg/m2, Normal as BMI between 18.5 - 24.918.5 kg/m2, Overweight 
as BMI between 25.0 - 29.9 kg/m2, Type I Obesity as BMI between 30.0 - 34.9 kg/m2, Type 
II Obesity as BMI between 35.0 - 39.9 kg/m2 and Type III Obesity as BMI ≥ 40.0 kg/m2. 

2.4. Blood Sampling 

Blood samples were obtained from patients that had fasted overnight for a minimum of 
12 h. Blood was collected in tubes containing 0.1% ethylenediaminetetraacetic acid. 
Plasma and blood cells were separated by centrifugation at 1400 ×g for 20 min at room 
temperature. Plasma and packed blood cells were aliquoted and stored at −20˚C until use. 

2.5. Biochemical Measurement 

Fasting plasma glucose (FPG) was measured by using a glucose oxidase method with a 
commercial enzymatic kit (Wiener Laboratories, Rosario, Argentina). Total cholesterol 
(TC), triglycerides (TG) and HDL-c concentrations were measured using commercial 
kits by following the manufacturer’s instructions (Wiener Laboratories, Rosario, Ar-
gentina). LDL-cholesterol (LDL-c) and VLDL-cholesterol (VLDL-c) were calculated 
with the Friedewald formula: LDL-c = TC − (HDL-c + TG/5) in mg/dL and VLDL-c = 
TG/5 in mg/dL [14]. 

2.6. Definitions 

The criteria for dyslipidemia were according to the National Cholesterol Education 
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Program [15]. Briefly, participants were diagnosed with dyslipidemia if they had one or 
more of the following criteria: a plasma concentration of TC of ≥6.24 mmol/L (≥240 
mg/dL), plasma concentration of TG ≥ 2.26 mmol/L (≥198 mg/dL); plasma concentra-
tion of HDL-c of <1.04 mmol/L (<40 mg/dL) for men or <1.30 mmol/L (<50 mg/dL) 
for women; and a plasma concentration of LDL-c ≥ 4.14 mmol/L (≥160 mg/dL). 

2.7. DNA Samples 

Genomic DNA was isolated from T2DM patients and healthy volunteers using con-
ventional protocol by Qiagen kits (Qiagen, Inc., Valencia, CA). DNA concentration 
was measured by UV-VIS spectroscopy and diluted to a final concentration of 20 
ng/μL. 

2.8. Primer Design, Amplification, and Genotyping of Tetra Primer  
ARMS-PCR 

Based on the GenBank sequence of human KLF14, accession number NT_007933.15, 
we designed “in silico” a pair of outer primers and two allele-specific inner primers us-
ing the Tetra Primer ARMS-PCR, in a free access web  
(http://cedar.genetics.soton.ac.uk) and then checked for specificity  
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) (Table 1). 

Each PCR reaction was carried out in a total volume of 20 μL, containing 180 ng of 
template DNA, 0.06 pmol of inner primer C allele, 0.12 pmol of inner primer T allele, 
0.06 pmol of reverse outer primer, 0.12 pmol of forward outer primer, 200 μM dNTPs, 
1.5 mM MgCl2, 1× buffer, and 1 unit of Taq Pegasus DNA polymerase (Productos 
Bio-Logicos, Argentina). The template DNA was denatured for 3 minutes at 95˚C be-
fore undergoing 35 cycles of denaturation for 1 minute at 95˚C, primer annealing for 1 
minute at 62˚C and extension for 1 minute at 72˚C, and final extension at 72˚C for 3 
minutes (Table 1). The resultant amplicons were separated by electrophoresis onto a 
2.5% agarose gel-bed containing GelRed. The image was visualized and photographed 
under UV transillumination. Randomly selected 20% of samples were re-genotyped for  

 
Table 1. PCR primers and conditions. 

Genetic 
polymorphism 

Primer sequence 
Annealing 

temperature 
Amplicon 

size 

rs4731702 (C/T) 

Forward inner primer (C allele): 
5’AAAAAACAGCATTATTTCCCACACAAAC3’ 

62˚C 
515 pb  

(C allele) 

Reverse inner primer (T allele): 
5’TATCTTTTTGGTGCTAAATGGAACGGA3’ 

 
158 bp  

(T allele) 

Forward outer: 
5’CCCAAGGCATCTATCCAAAA3’ 

 

619 bp 
(from two 

outer  
primers) 

Reverse Outer: 
5’CCGTTGAACTGTGTTTGCAC3’ 

http://cedar.genetics.soton.ac.uk/
http://blast.ncbi.nlm.nih.gov/Blast.cgi
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cross validating initial genotypes. Whenever, genotyping results were unclear, the sam-
ples were repeated again in duplicates until clear genotype was obtained. No genotyp-
ing error was observed during cross validation (Figure 1). 

2.9. Statistical Analysis 

The chi-squared test was used to check adjustment of the data to the Hardy-Weinberg 
equilibrium, and to compare the allelic frequencies between controls and T2DM pa-
tients. Statistical analyses were carried out in both groups of patients. Data are shown as 
mean values ± standard deviation (SD), absolute values or percentages (%). To analyze 
the association between KLF14 genotypes, clinical and biochemical parameters, a Stu-
dent’s t-test was used when variables were continuous, whereas a Fisher’s exact test was 
used for the categorical variables. STATA version 6 (StataCorp LP, College Station, TX, 
USA) was used for statistics. A p < 0.05 was considered to be statically significant. 

3. Results 
3.1. Participant Characteristics 

Table 2 shows the demographic characteristics of both groups. 50.7% were women and 
49.3% were men, age distribution was not different between the groups. There was a 
significant difference in BMI between control and T2DM patients.  

Figure 2 shows the classification of BMI according to the World-Health Organiza-
tion in both groups, there were more overweight and obese patients in the T2DM group 
than in the control group. 

As shown in Table 3, fasting plasma glucose concentration was higher in the T2DM 
group as compared to the age-matched control group. T2DM patients have higher TG, 
LDL-c and VLDL-c, whereas lower HDL-c concentrations than controls. Furthermore, 
the TG/HDL-c ratio-an indicator of insulin resistance, and of the proportion of small  

 

 
Figure 1. KLF14 genotyping by Tetra Primer ARMS-PCR. The 619 bp 
band is the amplicon of the outer primers, the 515 bp band, of an out-
er primer and the inner primer for allele C; and the 158 bp band, of 
the other outer primer and the inner primer for the T allele. Lane 1: 
T/T genotype; lane 2: C/C genotype; lanes 3, 4 and 5: C/T genotype; 
lane 6: molecular weight marker. 
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Figure 2. Classification of BMI according to WHO for T2DM and 
control groups. Data are shown as mean ± SEM. 

 
Table 2. Anthropometric characteristics in control and T2DM patients. 

 
Control 
(n = 47) 

T2DM 
(n = 26) 

P 

Sex (female/male) 24/23 13/13 1.000 

Age (years) 55.68 ± 11.36* 57.31 ± 11.90 0.175 

Weight (kg) 76.27 ± 13.43 75.47 ± 11.11 0.6801 

Height (m) 1.69 ± 0.09 1.68 ± 0.10 0.3109 

BMI (kg/m2) 26.19 ± 3.69 28.13 ± 3.46 0.0438 

*Data are shown as mean ± standard deviation. BMI: body mass index. 

 
Table 3. Biochemical characteristics in control and T2DM patients. 

 
Control 
(n = 47) 

T2DM 
(n = 26) 

p 

FPG (mg/dL) 88.21 ± 10.02 158.79 ± 80.87 <0.0001 

TG (mg/dL) 144.52 ± 83.60 215.52 ± 107.73 0.0041 

TC (mg/dL) 184.77 ± 47.50 196.91 ± 44.76 0.3687 

HDL-c (mg/dL) 49.95 ± 8.63 41.24 ± 4.81 <0.0001 

LDL-c (mg/dL) 121.59 ± 38.35 101.66 ± 38.91 0.0363 

VLDL-c (mg/dL) 27.57 ± 16.02 42.27 ± 13.71 0.0003 

TG/HDL-c ratio 2.70 ± 1.43 5.80 ± 1.43 <0.0001 

TC/HDL-c ratio 4.01 ± 0.89 5.18 ± 1.34 0.0003 

Dyslipidemia 31.58% 71.43% 0.0018 

Data are shown as mean ± standard deviation. FPG, fasting plasma glucose; TG, triglycerides; TC, total cholesterol; 
HDL-c, high-density lipoprotein; LDL-c, low-density lipoprotein; VLDL-c, very low-density lipoprotein. 
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and dense LDL-c particles, reaches high positive values in T2DM group, in contrast to 
low levels in control group. The TC/HDL-c ratio-an atherogenic index, was increased 
in the T2DM group, which suggests a higher risk of cardiovascular diseases in this 
group of patients. 

3.2. Genotype Frequencies 

Table 4 shows the frequency (%) and absolute number of patients having each geno-
type in all patients, and in controls and T2DM patients by separate. KLF14 genotype 
distribution was in the Hardy-Weinberg equilibrium and comparable in both two groups. 
We found no-gender differences in either control or T2DM patients having the differ-
ent genotypes. The frequency of the T allele of the KLF14 rs4731702 polymorphism in 
control was not different from that in T2DM (p = 0.384). 

3.3. Inheritance Model 

When genotypes of KLF14 were associated with T2DM according to all possible genetic 
models, no association was found with T2DM according to any genetic model used 
(Table 5). 
 
Table 4. Distribution of KLF14 genotypes and allelic frequencies in controls and T2DM patients. 

Genotype 
Total 

(n = 73) 
Control  
(n = 47) 

T2DM  
(n = 26) 

OR(95% CI)a p 

C/C 

C/T 

T/T 

C 

T 

34% (25) 

48% (35) 

18% (13) 

0.58 (85) 

0.42 (61) 

30% (14) 

51% (24) 

19% (9) 

0.55 (52) 

0.45 (42) 

42% (11) 

42% (11) 

15% (4) 

0.63 (33) 

0.37 (19) 

1 

1.71 (0.59 - 4.97) 

1.77 (0.43 - 7.30) 

 

1.714 (0.59 - 4.97) 

 

0.417 

0.501 

 

0.384 

aOR = odds ratio, 95% CI = 95% confidence interval. 

 
Table 5. Risk analysis of the variant rs4731702 KLF14 according to the model of inheritance. 

Modela Genotypeb Control 
n (%) 

T2DM 
n (%) 

p 
ORc 

(95% CI) 

Co 
CC 
CT 
TT 

14 (29.8) 
24 (51.1) 
9 (19.1) 

11 (42.3) 
11 (42.3) 
4 (15.4) 

 
0.56 

1 
1.71 (0.59 - 4.97) 
1.77 (0.43 - 7.30) 

Do 
CC 

CT-TT 
14 (29.8) 
33 (70.3) 

11 (42.3) 
15 (57.7) 

0.28 
1 

1.73 (0.64 - 4.69) 

Re 
CC-CT 

TT 
38 (80.8) 
9 (18.5) 

22 (84.6) 
4 (15.4) 

0.68 
1 

1.30 (0.36 - 4.73) 

Od 
CC-TT 

CT 
23 (48.9) 
24 (51.1) 

15 (57.7) 
11 (42.3) 

0.47 
1 

1.42 (0.54 - 3.74) 

aInherintance models: codominant (Co), dominant (Do), recessive (Re), overdominant (Od). bGenotypes and their 
groupings for the variant rs4731702 KLF14 (C>T). cOR = odds ratio, 95% CI = 95% confidence interval. 
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3.4. Genotype Associations with Lipid Traits 

The comparison of the anthropometric and clinical characteristics by the polymorphism 
KLF14 (rs4731702) in controls and T2DM are shown in Table 6. The low frequency of 
the T/T genotype of the KLF14 polymorphism was analyzed in the same category as the 
corresponding heterozygotic genotype, namely as non-C/C (T carriers). No statistically 
significant associations with anthropometric and clinical characteristics were observed 
for this rs4731702-KLF14 polymorphism in controls. However, in T2DM patients had 
decreased HDL-c concentration and increased TC/HDL-c ratio, with carriers of the T 
allele (non C/C) having higher HLD-c and lower TC/HDL-c ratio values than C/C ho-
mozygotes (p = 0.0047 and 0.0041, respectively). 

We further examined the potential associations between lipid parameters with dysli-
pidemia and rs4731702 genotypes in T2DM patients. As shown in Figure 3, HDL-c le-
vels were substantially higher in T2DM patients, without dyslipidemia, carrying the 
genotype non-C/C. In opposite, TC and LDL-c levels were lower in non-C/C carriers. 

Figure 4 shows the relation between TC/HDL-c and TG/HDL-c ratios with dyslipi-
demia and rs4731702genotypes in T2DM patients. Both ratios were lower in those T2DM 
patients that had no dyslipidemia, but carrying the genotype non-C/C. 

4. Discussion 

Herein we performed an association study between a SNP located in the non-coding 
region of the transcription factor KLF14 gene and lipid pattern in T2DM patients re-
siding in San Luis, Argentina.  

The most common pattern of dyslipidemia in type 2 diabetic patients is elevated 
triglyceride and decreased HDL-c concentrations. Diabetic patients have elevated levels  

 
Table 6. Anthropometric and clinical characteristics by the KLF14 polymorphism in controls and 
Type 2 Diabetes Mellitus.a 

 
Control (n = 47) T2DM (n = 26) 

C/C Non C/C p C/C Non C/C p 

BMI 24.96 ± 3.17 26.65 ± 3.81 0.4709 28.69 ± 3.26 27.69 ± 3.66 0.2729 

FPG (mg/dL) 88.40 ± 9.14 88.14 ± 10.47 0.7686 161.06 ± 67.28 157.16 ± 91.82 0.5982 

TG (mg/dL) 138.88 ± 63.05 137.41 ± 86.92 0.5637 238.34 ± 45.44 205.66 ± 50.64 0.1590 

TC (mg/dL) 206.11 ± 68.23 193.54 ± 33.38 0.7686 216.11 ± 34.27 184.94 ± 42.26 0.0626 

HDL-c (mg/dL) 48.36 ± 10.94 50.53 ± 7.76 0.3238 37.28 ± 2.01 41.36 ± 5.24 0.0047 

LDL-c (mg/dL) 130.97 ± 57.68 118.14 ± 28.90 0.8368 134.95 ± 38.21 99.24 ± 34.52 0.0679 

VLDL-c (mg/dL) 27.78 ± 12.61 27.48 ± 17.38 0.5637 47.67 ± 9.06 41.12 ± 10.14 0.1388 

TG/HDL-c ratio 2.92 ± 1.44 2.61 ± 1.44 0.3937 6.39 ± 1.17 5.26 ± 1.47 0.0781 

TC/HDL-c ratio 4.31 ± 1.25 3.90 ± 0.70 0.3400 5.99 ± 1.23 5.26 ± 1.47 0.0041 

aData are shown as mean ± standard deviation. BMI, body mass index; FPG, fasting plasma glucose; TG, triglyce-
rides; TC, total cholesterol; HDL-c, high-density lipoprotein; LDL-c, low-density lipoprotein; VLDL-c, very low- 
density lipoprotein. 
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Figure 3. Concentrations of (a) LDL-c, (b) TC and (c) HDL-c according to dyslipidemia and genotypes in T2DM patients. Data are 
shown as mean ± SEM. LDL, low-density lipoprotein; TC, total cholesterol; HDL, high-density lipoprotein. 

 

 
Figure 4. (a) TC/HDL-c ratio, according dyslipidemia in diabetic parientes. (b) TG/HDL-c ratio, according dyslipidemia and genotypes in 
diabetic patients. Data are shown as mean ± SEM. TC, total cholesterol; HDL-c, high-density lipoprotein; TG, triglycerides. 

 
of non-HDL cholesterol (LDL plus VLDL) [16].  

Our study showed that our T2DM patients had increased TG and decreased HDL-c 
concentrations that are in agreement with the well-known relationship between the 
metabolism of TG-rich lipoproteins and the maturation of HDL-c particles [17]. Con-
sistent with this view, our data showed that compared to controls T2DM patients have 
more TG, VLDL-c and LDL-c concentrations, higher BMI but lower HDL-c. These li-
pid patterns increase the risk of T2DM. 

The “vicious cycle” hypothesis establishes that dyslipidemia leads to insulin resis-
tance that leads to hyperinsulinemia. Any strategy to break this vicious cycle may offer 
unique opportunities to preventing T2DM and, thus its complications [18] [19].  

Overproduction of VLDL-c, predominantly TG-rich large VLDL-c particles, induces 
the cascade of events that leads to abnormalities of other plasma lipoproteins. The ac-
cumulation of VLDL-c in plasma and decreased lipoprotein lipase (LPL) activity impair 
the catabolism of chylomicrons. Highly atherogenic small dense LDL-c is generated 
from VLDL-c particles by the activity of LPL, cholesteryl esther transfer protein (CETP) 
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and hepatic lipase (HL). When hypertriglyceridemia occurs, accelerated lipid transfer 
generates TG-enriched HDL-c particles. This enhances HDL-c catabolism mediated by 
HL and endothelial lipase. Low HDL is an integral part of the atherogenic lipid profile 
in T2DM patients. 

Earlier studies showed that in the dyslipidemia associated to T2DM and metabolic 
syndrome, HDL-c particles were depleted of CEs and ApoA-I, but enriched in TG [20]. 
In our study, we observed that the TG/HDL-c ratio was higher in type 2 diabetic pa-
tients than controls. This is in agreement with the observations by McLaughlin et al. 
(2005). These authors proposed that TG/HDL-c ration is an indicator of insulin resis-
tance; and also an indicator of highly atherogenic small and dense LDL particles [21]. 
In addition, the TC/HDL-c ratio, an atherogenic index, was increased in T2DM pa-
tients, which suggest a higher risk for cardiovascular diseases in these patients. Dyslipi-
demia may lead to IR by causing inflammation, endoplasmic reticulum stress and lipo-
toxicity [19]. On the other hand, IR causes increased TG and plasma free fatty acids le-
vels and decreased HDL-c. Free fatty acids are inflammogenic by activating toll-like re-
ceptor 2 in immune innate cells and promote expression of inflammation mediators. 
Altered lipid profile and increased inflammation and insulin resistance may probe again 
the “vicious cycle” hypothesis of the development of T2DM. 

The KLF14 gene has recently elicited significant attention since extensive genetic 
studies in humans identified a central role of KLF14 in the development of metabolic 
diseases, in particular those that regulate lipid metabolism. In fact, because of KLF14 
contribution to metabolic diseases, it has been recently referred to as a “conductor of 
the metabolic syndrome orchestra” [22]. 

Gou et al. (2015) observed that KLF14 is downregulated in dyslipidemia mouse mod-
els and found that overexpression of KLF14 increases HDL-c levels by upregulating 
hepatic ApoA-I levels. To determine the contribution of hepatic KLF14 to both ApoA-I 
and HDL-c production, they generated KLF14 knock-out mice which results in reduced 
plasma HDL-c concentration. Thus, the combined results of experiments using a wide 
variety of complementary genetic approaches firmly establish a regulatory role for 
KLF14 in HDL-c functionality and atherosclerosis [23]. In our study, T2DM patients 
have dyslipidemia, which could be related to down-regulation of KLF14 and, conse-
quently decreased levels of HDL-c. 

The results of large-scale GWAS indicated that KLF14 may play a role in the patho-
genesis of insulin resistance and T2DM. Yang et al. (2015) found reduced KLF14 mRNA 
and protein in both muscle and adipose tissue of T2DM patients. Reduced KLF14 ex-
pression was accompanied of low adiponectin expression, a known insulin sensitizer, 
thus increased insulin resistance [24]. 

It has been reported that prolonged cell incubation with insulin or glucose leads to 
insulin resistance, as shown by reduced glucose uptake and impaired insulin signaling 
[25]. Furthermore, Yang et al. (2015) found that KLF14 overexpression in Hepa1-6 cells 
partly prevented the inhibition of glucose uptake induced by high glucose and high in-
sulin [24]. 
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The present results show that the alterations observed in the lipoprotein profile may 
be related to the lower KLF14 activity in T2DM patients as a consequence of dyslipide-
mia. It is also possible that insulin resistance may cause resistance to KLF14 actions, 
leading to its down-regulation. 

The genotypic and allelic frequencies of KLF14 rs4731702 SNP in Argentinean pop-
ulations are rarely known. According to the HapMap data, the minor T allele frequency 
of this SNP was 36.7% in Chinese, 30.0% in Japanese, 23.3% in Yoruba, and 45.0% in 
European population. Kong et al. (2009) demonstrated that the frequency of T allele 
was 56.1% in normal Icelanders [11]. 

Chen et al. (2012) reported that the allelic frequencies of KLF14 rs4731702 SNP were 
different between atherosclerotic cardiovascular disease and control groups in Beijing 
and Taizhou Chinese. Moreover, the minor T allele frequency in myocardial infarction 
and ischemic stroke groups in these populations was lower than that in their corres-
ponding control groups. The frequency of T allele was 31.5%, 29.1%, and 30.2% in the 
three control groups, respectively [5].  

In the present study, we showed that the T allele frequency of KLF14 rs4731702 SNP 
in control group was 45.0%, which was similar to the HapMap data in European popu-
lation, probably because most Argentinean are of European origin, and are either des-
cendents of colonial-era settlers and/or of the 19th and 20th century immigrants from 
Europe. Indeed, over 90% of the Argentina’s population has European ethnicity.  

In our T2DM patients, the distribution of KLF14 genotypes was similar to the con-
trols, which does not suggest the occurrence of any linkage disequilibrium between the 
KLF14 gene and those that might determine T2DM. 

It was previously shown that KLF14 is a master trans-regulator of multiple genes that 
are associated with metabolic phenotypes in adipose tissue [9]. These findings suggest 
that the role of KLF14 could be a central regulator of lipid metabolism in health and 
disease. 

Among those genes identified by GWAS, the T allele of KLF14 rs4731702 is signifi-
cantly associated with elevated HDL-c concentration and decreased risk of cardiovas-
cular disease and T2DM. Another association with T2DM established by the Diabetes 
Genetics Replication and Meta-analysis (DIAGRAM) consortium is allele C [4] [5] 
[11]. 

Rare studies have previously reported the direct effect of KLF14 rs4731702 SNP on 
serum lipid pattern in T2DM patients. The present study showed a significant associa-
tion between the rs4731702 SNP and lipid pattern in T2DM patients. Our T2DM pa-
tients that carry the T allele (non-C/C) have higher HDL-c concentration and lower 
TC/HDL-c ratio than those T allele non-carriers (C/C). They also have a tendency of 
lower TC and LDL-c concentrations, and lower TG/HDL-c ratio, than those T allele 
non-carriers. Previous functional studies found that the maternally transmitted T allele 
of rs4731702 SNP is associated with increased expression of KLF14 in adipose tissue, 
indicating the presence of cis expression quantitative trait loci (eQTL) [11]. Small et al. 
(2011) reported that the T2DM- and HDL-c-associated cis-acting eQTL of KLF14 acts 
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as a master trans-regulator of adipose gene expression. They studied subcutaneous- 
adipose biopsies from 776 female twins of European ancestry as well as a smaller repli-
cation sample. Their results suggested a trans-causal link between KLF14 expression and 
ten genes (TPMT, ARSD, SLC7A10, C8orf82, APH1B, PRMT2, NINJ2, KLF13, GNB1, 
MYL5). These genes were associated with a variety of metabolic syndrome traits in-
cluding obesity, dyslipidemia, and insulin resistance. Moreover, using large scale GWAS 
data, they found that five of those ten genes had nearby SNPs that were associated with 
key metabolic syndrome traits at genome-wide significance [9].  

Taken together, the rs4731702 SNP may act in cis to influence the KLF14-associated 
trans-regulatory network that control lipid metabolism. Chen et al. (2012) found that 
the rs4731702-T allele is consistently associated to an increased HDL-c concentration 
[5]. Interestingly, the T2DM-risk C allele of the rs4731702 SNP correlated fairly well 
with lower expression of KLF14 in adipose tissue [11]. Then, we can assume that our 
T2DM patients with genotype C/C may have decreased expression of KLF14, thus low-
er levels of HDL-c as compared to the non-C/C (T allele carriers) genotype.  

The risk C allele at KLF14 was associated with reduced insulin sensitivity and it ap-
pears to have a primary effect on insulin action, which is not driven by obesity [10]. 
This is in agreement with our results that shows that T2DM patients, with the C/C ge-
notype, have a tendency of insulin resistance according to TG/HDL-c ratio, an indica-
tor of insulin resistance or/and reduced insulin sensitivity as compared to the non-C/C 
(T allele carriers) genotype.  

Our T2DM patients have increased TC/HDL-c ratio. This suggests a higher risk for 
cardiovascular diseases in this group. When compared T2DM patients according to 
genotypes, the C/C carriers have higher TC/HDL-c ratio. This finding suggest that in-
creased TC/HDL-c ratio in C/C carriers may be associated with an increased risk of 
cardiovascular diseases in patients having the C allele. 

However, the biological function and detailed role of KLF14 rs4731702 SNP in lipid 
metabolism need to be further explored. 

5. Conclusions 

T2DM patients having the C/C genotype of KLF14 (rs4731702) may have a worsen in-
sulin resistance and be susceptible to more serious pathophysiological consequences 
regarding lipid metabolism. The biological role of KLF14, as an insulin-sensitizing tran-
scription factor, could potentially be envisioned as a novel therapeutic target for man-
agement, treatment and prevention of insulin resistance and related pathologies, such 
as highly susceptible T2DM populations. 

Finally, genotyping of the rs4731702 polymorphism of the KLF14 gene can be of high 
predictive and interventional value of cardiovascular complications in our, and proba-
bly other, populations which have a high prevalence of T2DM. 
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