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Abstract: MicroRNAs (miRNAs) are small endogenous RNAs approximately 22 nucleotides involved in the regulation 

of several cellular metabolisms including cholesterol metabolism. The objective of this study was to measure miRNAs 33a 

and 33b in type 2 diabetics to evaluate their impact on the lipids levels and prevalence of dyslipidemia. The study 

population profile was 45 subjects including 30 type 2 diabetic patients and 15 healthy controls. The lipids tests were 

performed using an automated Spintech 240 Biolis analyzer and the microRNAs (33a and 33b) by applied biosystems 7500 

Fast Real Time PCR System using the TaqMan® MicroRNA Assay kit. The prevalence of dyslipidemia was higher in 

miRNA-33a positive subjects than miRNA-33a negative (p <0.0001). The prevalence of dyslipidemia was however not 

significant between miRNA-33b positive and miRNA-33b negative. A comparison between miRNA-33a positive and 

miRNA-33b positive showed a significant increase of dyslipidemia in miRNA-33a positive than in miRNA-33b positive 

subjects. The dyslipidemic types in miRNA-33a positive diabetics were 90% hypercholesterolemia, 88% LDLC increase 

and 83.33% HDLC decrease. The measurement of the HDLC subclasses showed 82.6% HDL2C decrease and 90.91% 

HDL3C increase. The HDL3C level increased in 100% of non hypertensive diabetics versus 46.67% in hypertensive 

diabetics (p=0.003). The increase of HDL3C was 90.9% in miRNA33a positive subjects versus 54.5% in miRNA33b 

positive subjects (p <0.006). The study therefore confirms the relationship between the presence of microRNAs 33a and 

increased cardiovascular risk. The results showed a role of microRNA-33a on the increase of HDL3C which has a weak 

atheroprotective role compared to HDL2C. This observation suggests that the research on drugs able to increase the HDLC 

level based on microRNA regulation should target the stimulation of HDL2C synthesis. 
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1. Introduction 

MiroRNAs (miRNAs) are small endogenous RNAs 

approximately 22 nucleotides in length that have emerged as 

important post-transcriptional regulators of different protein-

coding genes. It was first discovered in the nematode 

Caenoshabditis elegans, and since then has been identified in 

the genomes of most plants, animal, and viruses [1]. Some 

miRNAs have been identified to be potent post-

transcriptional regulators of lipid metabolism genes, 
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including miR-122, miR-33, miR-758, and miR-106b. The 

miR-33 over-expression strongly represses ABCA1 (the ATP-

binding transporter 1) expression at the RNA and protein 

level and decreases cellular cholesterol efflux to apolipor 

protein A-I (ApoA-I), a key step in regulating reverse 

cholesterol transport (RCT). Conversely, antagonism of miR-

33 upregulates ABCA1 expression in vitro and in vivo and 

promotes cholesterol efflux to ApoA-I. Importantly, in vivo 

inhibition of miR-33 expression leads to a significant 

increase in plasma HDL levels and the regression of 

atherosclerosis, thus confirming the physiological effects of 

miR-33 in regulating lipid metabolism [2-4]. The mir-33a 

and mir-33b, intronic miRNAs located within the Serbp2 and 

Srebp1 genes, respectively [5] are co-transcribed with their 

host genes and regulate cholesterol and fatty acid metabolism. 

In previous studies in Burkina Faso [6-7], the measurement 

of cholesterol sub-fractions reported a significant increase in 

the total cholesterol (TC), the high density lipoprotein 

cholesterol (HDLC) and HDL3 cholesterol (HDL3C) in type 

2 diabetes and in hypertensive patients compared to a control 

group. On the contrary, a significant decrease of HDL2 

cholesterol (HDL2C) was observed in these same two groups. 

Particularly, the HDL2C decrease was significantly 

associated with diabetes complications. This observation was 

consistent with another study reporting that HDLC of 

hypertensive patients was markedly increased relative to their 

HDL3C fraction while their HDL2C fraction was reduced by 

50% [8]. This study aimed to measure miRNA 33a and 33b 

in diabetics type 2 patients to evaluate their impact on lipids 

levels and the prevalence of dyslipidemia. 

2. Patients and Methods 

2.1. Study Design and Subjects 

This was a case-control study conducted between October, 

2017 to March, 2018 in Ouagadougou the capital city of 

Burkina Faso (West Africa). Type 2 Diabetes Mellitus 

patients were recruited at the University Hospital Yalgado 

Ouedraogo, Ouagadougou and the control group at the 

Regional Center of Blood Transfusion, Ouagadougou. 

Included in the study were newly and previously diagnosed 

type 2 diabetes patients with fasting blood glucose (FBG) >7 

mmol/L. Subjects with or without complications of 

hypertension and attending the University Hospital Yalgado 

Ouedraogo were included. Apparently healthy non-

hypertensive, non-diabetic controls were recruited at the 

Regional Center of Blood Transfusion of Ouagadougou. 

Among the type 2 diabetes patients, treatment with any lipid 

medication (statins, nicotinic acid, fibrate, resins) were 

excluded. Also, subjects should not have been enlisted in 

another concomitant study. 

The study protocol and consent procedures were 

approved by the Burkina Faso National Ethics Committee 

for Research, Ouagadougou, Burkina Faso (approval No. 

2017-09-78) on the 28th September, 2017. As required by 

the 1964 Helsinki declaration, a written informed consent 

was obtained from all participants prior to conducting any 

study procedure. After consenting, personal and 

epidemiological data were collected and recorded. All the 

data used in this study was anonymous. 

2.2. Lipids Analysis 

The lipids tests were performed at the University Hospital 

laboratory Yalgado Ouedraogo. After an overnight fast, 

venous blood was collected in a dry tube for biochemical 

analysis. Serum was separated by centrifugation at 3000g for 

10min at 4°C and stored at -80°C. Testing was performed 

within a week. Serum levels for Total Cholesterol (TC) and 

Triglycerides (TG) were determined using an automated 

Spintech 240 Biolis 24j analyzer (Spintech, Barcelona, Span) 

and the fully enzymatic methods (Spinreact kits Cholesterol-

LQ reference TK41021 and Triglycerides-LQ reference 

TK41031). The dual-step precipitation of HDL subfractions 

was performed according to the procedure described by 

Hirano et al. [9]. To isolate total HDLC by precipitation, a 

combined precipitant consisting of 100µL (0.02mmol/L) of 

dextran sulfate (Mr 500000, SIGMA, France) and 25µL 

(200mmol/L) of MnCl2 (MgCl2.6H2O, MERCK, France) 

was added to 1mL of serum. After 15min of standing at room 

temperature, the mixture was centrifuged at 3,400g for 20min 

at 4°C. Aliquots of the resulting supernatant (S1) were 

collected for measuring HDLC levels and precipitation of 

HDL2C. The HDL2C was precipitated by a combined 

precipitant consisting of 100µL (0.02 mmol/L) of dextran 

sulfate (Mr 500000, SIGMA, France) and 50µL (200mmol/L) 

of MnCl2 (MgCl2.6H2O, MERCK, France) added to 500µL 

of supernatant (S1). After 2hrs at room temperature, the 

mixture was centrifuged at 3,400g for 20min at 4°C. Aliquots 

of the resulting supernatant (S2) were taken for measuring 

HDL3C levels. The measured value for total HDLC was 

multiplied by 1.125 and that for HDL3C was multiplied by 

2.92 to correct for reagents dilutions. HDL3C was measured 

by the direct HDLC homogenous assay instead of the 

original TC assay. The sub-fraction HDL2C was calculated 

using the following formula: HDL2C = HDLC-HDL3C. The 

LDL cholesterol (LDLC) was calculated in mmol/L by using 

the Friedewald formula: LDLC = TC-HDLC-TG/2.2 [10]. 
Dyslipidemia has been defined for TC>4.67mmol/L, 

LDL>2.55mmol/L, HDL<1.15mmol/L, HDL2<0.43mmol/L, 

HDL3>0.68mmol/L according to the reference ranges of 

plasma lipids in Burkina Faso [11]. 

2.3. miRNA Analysis 

The miRNA assay was performed at the Pietro Annigoni 

Biomolecular Research Center (CERBA), Ouagadougou. 

Total miRNA extraction was performed using the "mirVana 

™ miRNA" extraction kit (reference AM1560) according to 

the manufacturer's instructions. After total miRNA extraction, 

reverse transcription (RT) of the specific microRNAs (33a 

and 33b) using the "TaqMan® MicroRNA Assay kit" was 

immediately performed to obtain the complementary DNA 

(cDNA) from the total miRNA samples. Finally, a real-time 
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PCR (qPCR) was performed from the cDNA samples using 

the applied biosystems 7500 Fast Real Time PCR System. 

2.4. Statistical Analysis 

Quantitative variables were expressed as Means±SD and 

qualitative variables in percentages. The Analysis of Variance 

(ANOVA) was used to determine quantitative variables with 

normal distribution, followed by the Bonferonni multiple 

comparisons test to compare the means between groups. The 

statistical analysis was performed using the statistical 

software PASW, version 18 for Windows (SPSS CPSC., 

Chicago, USA). Probability levels of 0.05 or less were 

considered significant. 

3. Results 

The study was conducted with 45 subjects, which included 

30 type 2 diabetic patients and 15 healthy controls (Table 1). 

Amongst the 30 diabetic patients, 15 were non-hypertensive 

and the other 15 hypertensive. The study population 

consisted of 62% women versus 38% men. The average age 

of the diabetics was 59 ± 9 years ranging from 39 and 74 

years. The mean age was 61±8 years for hypertensive 

diabetics and 56±9 years for non-hypertensive diabetics. For 

the controls, the average age was 33±7 years ranging from 22 

and 40 years. Mean body mass index (BMI) was 26.4±2.9 in 

diabetics versus 25.7±4.4 in controls. The mean BMI was 

higher in women than men in both diabetics and controls. 

Table 1. Demographic characteristics of the population. 

Parameters 
Diabetics (n =30) 

Diabetics (n=30) Control (n=15) 
Non-hypertensive (n=15) Hypertensive (n=15) 

Sex n (%) 
Female 12 (80.0) 12 (80.0) 24 (80.0) 4 (27.0) 

Male 3 (20.0) 3 (20.0) 6 (20.0) 11 (73.0) 

Age (years) 

Female 56±9 60±9 58±9 25±3 

Male 55±9 65±6 60±8 35±7 

Total 56±9 61±8 59±9 33±7 

BMI (kg/m²) 

Female 26.0±4.1 27.1±1.9 26.5±3.2 28.3±4.5 

Male 25.8±2.2 25.9±1.0 25.8±1.5 24.8±4.2 

Total 26.0±3.7 26.8±1.8 26.4±2.9 25.7±4.4 

According to the lipids profile in Table 2, only the HDL3C level was significantly higher in non-hypertensive diabetics 

compared to hypertensive diabetics (p<0.0001). 

Table 2. Lipids values of diabetes group compared to control group. 

Parameters 

(M±SD mmol/L) 

Diabetics (n=30) 
Diabetics (n=30) Control (n=15) p 

Non-Hypertensive (n=15) Hypertensive (n=15) p 

Triglyceride 1.22±0.59 1.04±0.48 0.36 1.13±0.54 1.24±1.14 0.55 

Total Cholesterol 5.56±1.22 4.74±1.13 0.06 5.15±1.23 4.94±1.33 0.60 

LDL cholesterol 3.80±1.34 3.30±1.03 0.26 3.55±1.20 3.30±0.82 0.47 

HDL cholesterol 1.20±0.35 0.97±0.34 0.07 1.09±0.36 1.03±0.25 0.56 

HDL2 cholesterol 0.26 ±0.23 0.29±0.28 0.75 0.28±0.25 0.27±0.15 0.68 

HDL3 cholesterol 0.94±0.15 0.68±0.17 0.0001 0.81±0.21 0.76±0.17 0.42 

 

The types of dyslipidemia in diabetics were TC increase in 

66.67%, LDLC increase in 83.33% and HDLC decrease in 60% 

(Table 3). The measurement of cholesterol sub-fractions 

showed a decrease of HDL2C in diabetics (76.67%) whilst 

HDL3C level was increased in 73.33% of diabetics. The TC 

level was higher in 86,67% of non-hypertensive diabetics 

compare to hypertensive diabetics (p=0.02) and the HDL3C 

level increased in 100% of non-hypertensive diabetics versus 

46.67% in hypertensive diabetics (p=0.003). 

Table 3. Prevalence of dyslipidemia in the study population. 

Parameters 
Diabetics (n=30) 

p 
Diabetics (n= 30) 

n (%) Non-hypertensive Diabetics (n=15) n (%) Hypertensive Diabetics (n=15) n (%) 

TC>4.67 mmol/L 13 (86.67) 7 (47.67) 0.02 20 (66.67) 

LDL>2.55 mmol/L 14 (93.33) 11 (73.33) 0.32 25 (83.33) 

HDL<1.15 mmol/L 8 (53.33) 10 (66.67) 0.45 18 (60.00) 

HDL2<0.43 mmol/L 12 (80.00) 11 (73.33) 1 23 (76.67) 

HDL3>0.68 mmol/L 15 (100.00) 7 (46.67) 0.003 22 (73.33) 

 

In Table 4, the prevalence of miRNA-33a (86.7%) was 

significantly higher than miRNA-33b (53.3%) in diabetics (p 

= 0.004). In the control group, the prevalence of miRNA-33a 

(73.3%) was higher compared to 53.3% of miRNA-33b, 

without any significant difference (p= 0.25). Also there was 

no significant difference in the prevalences of miRNA-33a 

and miRNA-33b in non-hypertensive diabetics and in 

hypertensive diabetics (p = 0.11) for both. 
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Table 4. Prevalence of miRNA-33 in the study population. 

Parameters 
Diabetics (n=30) 

Diabetics (n=30) Control (n=15) p 
Non-hypertensive (n=15) Hypertensive (n=15) 

miRNA-33a 13 (86.7) 13 (86.7) 26 (86.7) 11 (73.3) 0.49 

miRNA-33b 8 (53.3) 8 (53.3) 16 (53.3) 8 (53.3) 1 

p 0.11 0.11 0.004 0.25  

 

The prevalence of dyslipidemia was significantly higher (p 

<0.0001) in miRNA-33a positive subjects than miRNA-33a 

negative (Table 5). There was however no significant 

difference in the prevalence of dyslipidemia between 

miRNA-33b positive and miRNA-33b negative subjects. The 

comparison between miRNA-33a positive and miRNA-33b 

positive subjects showed a significant increase of 

dyslipidemia in miRNA-33a positive subjects. The 

dyslipidemic types in miRNA-33a positive diabetics were 90% 

hypercholesterolemia, 88% LDLC increase and 83.33% 

HDLC decrease. The measurement of the HDLC subclasses 

showed 82.6% HDL2C decrease and 90.91% HDL3C 

increase. The HDL3C level increased in 100% of non-

hypertensive diabetics versus 46.67% in hypertensive 

diabetics (p=0.003). The increase of HDL3C was 90.9% in 

miRNA33a positive versus 54.5% in miRNA33b positive (p 

<0.006). 

Table 5. Prevalence of dyslipidemia in patients with miRNA-33a/33b. 

Parameters (mmol/L) 
miR-33a+ 

n (%) 

miR-33a- 

n (%) 
P 

miR-33b+ 

n (%) 

miR-33b- 

n (%) 
P 

miR-33a+ 

n (%) 

miR-33b+ 

n (%) 
p 

TC>4,67 (n=20) 18 (90.00) 2 (10.00) <0.0001 10 (50.00) 10 (50.00) 1 18 (90.00) 10 (50.00) 0.005 

LDL>2,55 (n=25) 22 (88.00) 3 (12.00) <0.0001 12 (48.00) 13 (52.00) 0.77 22 (88.00) 12 (48.00) 0.002 

HDL<1,15 (n=18) 15 (83.33) 3 (16.67) <0.0001 11 (61.11) 7 (38.89) 0.18 15 (83.33) 11 (61.11) 0.13 

HDL2<0,43 (n=23) 19 (82.61) 4 (17.39) <0.0001 14 (60.87) 9 (39.13) 0.14 19 (82.61) 14 (60.87) 0.1 

HDL3>0,68 (n=22) 20 (90.91) 2 (9.09) <0.0001 12 (54.55) 10 (45.45) 0.54 20 (90.91) 12 (54.55) 0.006 

 

4. Discussion 

According to the lipids profile in Table 2, only the HDL3C 

level was significantly higher in non-hypertensive diabetics 

compare to hypertensive diabetics (p<0.0001). This confirms the 

interest of measuring HDLC subclasses in the early detection of 

cardiovascular risks [6-7]. The prevalence of dyslipidemia in 

diabetics (Table 3) indicate TC increase in 66.67%, LDLC 

increase in 83.33% and HDLC decrease in 60%. The decrease 

of HDL2C was observed in 76.67% of diabetics and the HDL3C 

increase in 73.33%. The TC level was higher in 86,67% of non-

hypertensive diabetics compare to hypertensive diabetics 

(p=0,02) and the HDLC3C level increased in 100% of non-

hypertensive diabetics versus 46.67% in hypertensive diabetics 

(p=0.003). 

The high prevalence of microRNA-33a (86.7%) in 

diabetics compared to controls confirms the higher 

cardiovascular risk. Indeed, several studies have reported a 

high circulating rate of these microRNAs during acute 

myocardial infactus [12], acute coronary syndrome [13], 

stable coronary artery disease [14], heart failure [15], 

essential arterial hypertension [16] and stroke [17]. 
Among non-hypertensive diabetics and hypertensive 

diabetics, the prevalence of circulating microRNA-33a 

(86.7%) was significantly higher (p <0.004) than that of 

microRNA-33b (53.3%). Among the controls the 

prevalence of microRNA-33a was 73.3% versus 53.3% for 

microRNA-33b but this difference is not statistically 

significant. The higher prevalence of microRNAs-33a in 

our series compared to microRNAs-33b is consistent with 

the literature. Indeed, the microRNA-33a which is involved 

in the repression of several cholesterol regulation genes [1] 

has been well conserved during evolution and is found in 

the vertebrate insects genome [18]. On the other hand, its 

isoform, microRNA-33b is only found in a limited number 

of species. Present in primates, microRNA-33b is not found 

in rodents which explains why it is little studied since the 

mouse is the animal model commonly used for the study of 

microRNAs. 

The prevalence of dyslipidemia in microRNA-33a positive 

subjects was 90% for TC increase and 88% for LDLC 

increase. These prevalences were significantly higher (p 

<0.0001) compared to the negative microRNA-33a subjects. 

This confirms the significant role of microRNAs on lipid 

homeostasis [19-21]. 

The prevalence of dyslipidemia in our series is higher in 

microRNA-33a positive subjects than in microRNA-33b 

positive subjects with respectively p <0.005 for TC increase, p 

<0.002 for LDLC increase and p <0.006 for the increase in 

HDL3C. The impact of microRNA-33a on dyslipidemia 

appears to be higher than microRNA-33b. This seems to be 

corroborated by the fact that no significant difference was 

observed between the frequency of dyslipidemia in 

microRNA-33b positive and microRNA-33b negative subjects. 

The study reported that 83% of the microRNA-33a positive 

subjects had a low HDL level. The role of microRNAs in the 

decrease of HDLC has been reported by several authors who 

found that in vivo overexpression of microRNA-33 could lead 

to a 25% decrease in HDLC, whereas their inhibition increased 

the rate of circulating HDLC between 25 to 30% [2-4]. The 

mechanism of the regulation of microRNAs-33a/b on HDLC 

has been elucidated in vivo by studies which show that they 

are localized in the sterol-regulatory element-binding proteins 
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(SREBPs) intron thus controlling the homeostasis of 

cholesterol [22]. In the human species, the microRNA-33a and 

microRNA-33b are encoded in the introns of SREBF2 and 

SREBF1 respectively [23-24], while in rodents there is a 

deletion of part of microRNA-33b which means that it cannot 

express itself. In addition, microRNAs-33a and 33b share the 

same basic sequence and differ only by 2 nucleotides. 

SREBF1 codes for the SREBP-1a and 1c proteins which 

mainly regulate lipogenic genes such as those of fatty acid 

synthase (AG synthase), Sterol-CoA desaturase (SCD) and 

acetylCoA carboxylase 1 (ACC1). The SREBF2 codes for the 

SREBP2 protein which mainly regulates the genes of HMGCR 

(Hydroxy methyl Gluraryl CoA Reductase) and the LDL 

receptor (LDLR) [25-27]. Several authors have shown that the 

target of microRNA-33a in vivo is the ATP-binding 

transporter 1 (ABCA1) [2-4, 22]. This molecule catalyzes the 

fixation of excess tissue cholesterol on apoAI to form nascent 

HDL and thus plays an important role in the efflux of 

cholesterol to the liver where it is degraded to bile acids, hence 

its anti-atherogenic role. It has also been reported that the 

treatment of mice with anti-microRNA-33a has resulted in an 

increase of HDL between 35 to 50% without affecting the 

other cholesterol lipoproteins [2-4]. Similarly, in microRNA-

33a -/- mice (knockout mice), a significant increase was 

observed in the expression of ABCA1 in the liver and 

macrophages as well as serum HDLC level of 25-40% [1, 22]. 

The increase in HDLC observed after treatment with anti-

microRNA-33 is a promising issue for treatment or prevention 

in patients with low HDLC as their primary cardiovascular risk 

[18]. In contrast, the liver analysis and the HDLC 

measurement in microRNA-33b knock-in (KI) mice reported a 

35% reduction in HDL cholesterol [27-29]. This makes the 

beneficial role of microRNA-33b in the regulation of HDLC 

disputable. 

The measurement of HDLC subclasses showed that the 

decrease of HDL was due to the decrease of HDL2C with a 

prevalence of 83% in the microRNA-33a positive subjects. In 

contrast 90% of these microRNA-33a positive subjects had 

an increase in HDL3 cholesterol. This shows that the role of 

microRNA-33a on the decrease of HDLC seems to be mainly 

on the HDL2C fraction which is reported as the most 

protective fraction against cardiovascular diseases. 

5. Conclusion 

A high level of LDLC is a major cardiovascular risk. 

Treatment with statins that are inhibitors of hydroxy methyl 

glutaryl CoA reductase (HMGCR) drastically reduces this risk 

in current medical practice. However, there is still a risk in 

subjects with a low HDLC level (case of Tangier's disease). It 

is therefore necessary to explore other therapeutic routes. Thus, 

the study of the role of microRNAs in the regulation of 

cholesterol metabolism is a promising issue. The study of the 

impact of microRNAs on lipid profile reported that 83% of 

microRNA-33a positive subjects had low HDLC levels. This 

confirms the relationship between the presence of microRNA-

33a and increased cardiovascular risk. The fractionation of 

HDLC showed that the decrease particularly concerned the 

HDL2C and paradoxically 90% of the microRNA-33a positive 

subjects had an increase of HDL3C level. This observation 

supports the hypothesis that the role of microRNA-33a on 

HDLC level is mainly due to HDL2C. This observation 

suggests that research on drugs able to increase the HDLC 

levels based on microRNA regulation deserves to be refined to 

target the stimulation of HDL2C synthesis. 
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