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ABSTRACT 

Line-1 element has been implicated in disease progression and carcinogenesis. 
It is uncertain how this element's dysregulation contributes to the onset of 
diabetes, however, it can involve genomic instability and abnormal gene 
regulation. This project sought to examine transcript expression of line-1 in 
blood cells of diabetes mellitus patients and whether the line-1 associated with 
metabolic markers. The results revealed that blood glucose level, HbA1c were 
increased significantly in diabetes patients than healthy (p≤0.001). Additionally, 
TC, TG, LDL and VLDL concentration were significantly evaluated in patients 
compare to control (p≤0.05, p≤0.001, respectively). However, HDL serum level 
was decreased in diabetic patients (p≥0.05). In the case line-1, the relative fold 
change (2 -∆∆CT), the finding revealed that line-1 expression was significantly 
increased by (p≤0.001) fold in diabetes mellitus. In conclusion, the line-1 was 
up regulated in the diabetes patients and it was accompanied by change of 
physiological parameters levels. The there was a positive correlation line-1 
transcription with glucose and HbA1c concentrations, in addition to lipid 
profile including TC, TG and LDL showed a positive relationship with line-1 
transcription. In contrast, there were negative correlation line-1 expression 
with HDL and VLDL. There were positive relationship between mRNA line-1 
expression and HDL/LDL as well as LDL/HDL ratio. 

 

 

Introduction: Line-1 comprise further than 17% of the genome of human and they have present 

biological activity within the genome of human (Kano et al., 2009). It induces damage to the cell 

by causing an abnormal expression of its sequence and generating insertion mutagenesis, further 

prompting cell apoptosis (Belgnaoui et al., 2006), causing DNA breaks (Gasior et al., 2006) 

triggering genetic damage in addition to mutations (Ostertag and Kazazian Jr, 2001). The 

irregular activity of line-1 or insertion mutagenesis through line-1 is involved in numerous 

diseases of human-like cancer, multiple sclerosis, and Alzheimer's (Barrow et al., 2021; Larsen 

et al., 2018), Apert syndrome, cystic fibrosis, hemophilia, neurofibromatosis, and hyperlipidemia 

(Beck et al., 2011; Callinan and Batzer, 2006). line-1 elements activity is constrained via several 

processes, including methylation of DNA and post-transcriptional regulator (Zamudio et al., 

2015). Its methylation is related to genomic instability that is linked with many diseases for 

example, cancer (Wolff et al., 2010), Alzheimer's (Jones, 1986), cardiovascular disorders, and 

diabetes mellitus (Zhong et al., 2016) blood lipids, fasting glucose, stroke and heart disease 

(Cash et al., 2011a; Pearce et al., 2012; Turcot et al., 2012). Barouti et al. (2022) reported the 

correlation methylation of line-1 with metabolic elements like hypertension, blood glucose, and 

lipid disorder. Methylation of line-1 was reduced in diabetes patients compared with healthy 

individuals (Maria Martin-Nunez et al., 2014). However, studies showed line-1 

hypermethylation related to an elevated possibility of developing diabetes (Pearce et al., 2012). 
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Ge et al. (2003) indicated that expression of line-1 was pointedly decreased in type II diabetes 

patients. It was suggested that the expression of line 1 could be an indicator of severe metabolic 

disorder. Recent reported revealed line-1 may control metabolism by inserting genes of 

metabolic. For example, insertions of line-1 in the carbohydrate kinase family gene (FGGY) lead 

to up-regulate arachidonic acid metabolism, glycerolipid metabolism, and cytochrome P450 

(Zhang et al., 2019). Consequently, the current project purposed to explore whether mRNA 

expression of line-1 elements is related to diabetes mellitus and some physiological parameters. 

Materials and methods: Diabetes mellitus patients attended to consultant clinic at the Diabetes 

Center in Al-Diwaniyah Teaching Hospital, Iraq. Patients clinically examined by consultant 

medical staff and confirmed by test fasting blood glucose level (FBG) is ≥ 7 mmol/l. HbA1c 

(glycated hemoglobin) 6.5% was by American Diabetes Association criteria (Horvath et al., 

2010). Healthy (control) groups selected from healthcare units in Al-Diwaniyah Teaching 

Hospital. They had no clinical evidence or family history of diabetes mellitus, FBG < 6.1 mmol/) 

and HbA1c < 6.5%, or other diseases. 

Blood collection: Blood samples from the individuals taken (healthy and patient). 10 ml of all 

subjects had their venous obtained while fasting. 2 ml of the blood added to the EDTA tube for 

mRNA isolation and HbA1c measurement. 3ml of the blood drawn into EDTA vacuum tubes. 

Blood samples centrifuged at 3000rpm at 4°C for 15 min to obtain the serum. Aliquots of the 

separated serum made and utilized to determine biochemical measurements. Blood serum stored 

at –80°C until used.  

RNA purification and cDNA production: mRNA separated by adding 1ml Reagent of Trizol 

(Invitrogen) into blood samples by the producer's instructions. NanoDrop was utilized to 

evaluate RNA purity and concentration. Before cDNA synthesis, total RNA immediately treated 

to eliminate contaminating DNA. mRNA reversely transcribed cDNA utilizing a superscript II 

reverse transcriptase kit (Invitrogen).  

RT-qPCR experments: RT-qPCR was achieved by LightCycler 480 equipment (Roche, 

Mannheim, Germany) by using bright green qPCR master mix kit (ABM) and oligonucleotide 

primers for line-1 and human GAPDH as an internal control of mRNA. Oligonucleotide primers 

were designed using web-based service and validated by the NCBI BLAST database as showed 

Line-1 forward sequence TGCGGAGAAATAGGAACACTTTT and reveal sequence 

TGAGGAA TCGCCACACTGACT. GAPDHː forward sequences 

GTCAAGGCTGAGAACGGGAA and reveals sequence TCGCCCCACTTGATTTTGGA. Gene 

expression was analyzed by deterring 2
-ΔΔCt

 and relative Fold Change (Livak and Schmittgen, 

2001) the gene of interesting was normalized and calculated to the expression level of GAPDH 

to evaluate expression target gene.  

Determination of physiological biomarkers: Testing was carried out as soon as the serum was 

separated using standard procedures. The enzymatic colorimetric approach was used to 

determine the serum glucose levels and the serum lipid profile (cholesterol, triglyceride, HDL, 

LDL and VLDL) by utilizing the BIOLABSkit (France). HbA1c concentration in whole blood 

was assessed using a colorimetric fluorescence immunoassay (FIA) kit from Boditech Medical.  

Statistic evaluation: Graph Pad Prism 8.0 software (USA) was used to carry out the statistic 

analysis of the data. T-tests analysis was used to analysis the statistical variances between 

groups. Pearson’s correlation coefficient was calculated among all physiological biomarkers and 

the gene expression in diabetes group. P value was measured statistically substantial of a 

comparison between groups. 

Results: Line-1 was expressed at CT 15.24±2.62 in diabetes patients compared to 19.34±1.25 in 

healthy individuals, as shown in Table (1). The ∆CT values for Line-1 of diabetes patients were 

elevated significantly (p≤ 0.05) -10.84±1.56 compared to ∆CT of healthy -9.06 ±1.21. Using 
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∆∆CT values that revealed -1.85, the various ∆CT values of Line-1 transcription for healthy and 

diabetes patients were calculated in Table (1). As demonstrated in Table (1) and Figure (1), 

folding change data showed that diabetes patients' line-1 mRNA is considerably (p≤0.001) 

increased when compared to healthy individuals (3.61). 

Individuals CT GAPDH CT Line-1 ∆CT ∆∆CT Fold change 

Control 28.40±1.01 19.34±1.25 -9.06±1.21 
-1.85 3.61 

Patients 26.08±1.12 15.24±2.62 -10.84±1.56* 

Table (1) line-1 gene expression in human diabetes patients and normal humans. Data are 

explained as mean± S.E.M. less CT or ∆CT level is increased gene expression, (*p≤0.05). 

 

Figure (1) line-1 gene expression in diabetes patients and normal humans. Data are 

displayed as mean± S.E.M., (***p≤0.001). 

The data exhibited glucose significantly increased (p≤0.001) in diabetic patients (223.80 ± 7.67 

mg/dl,) compared with control (107.10 ± 4.07mg/dl). HbA1c significantly increased (p≤0.001) in 

diabetic patients (9.16 ± 0.35%) as compared with healthy (5.25 ± 0.14%), table (2). 

Additionally, data showed that serum TC levels in diabetic patients were evaluated significantly 

(p≤0.001) in comparison with controls (188.3±7.09 and 129.7±6.25, respectively). Similarly, 

there were significantly elevated serum diabetes patients' TG levels (231.6± 28.25, p≤0.05) 

compared to those of healthy people (144.0± 17.10). However, HDL levels significantly declined 

in the patient's group (22.05±0.49, p≤0.05) compared with the healthy group (28.96±2.96). In 

diabetes patients, LDL and VLDL were significantly increased (122.9±6.40 and 30.52±3.74, 

p≤0.05 respectively) when compared with healthy (97.92±9.70 and 18.43±1.78, respectively), 

table (2). There are no significant changes in HDL/LDL ratio in patients (-52.69±28.38, p≥0.05) 

compared to healthy. In contrast, LDL/HDL ratio showed significantly higher in patients 

(100.3±6.18,p≤0.01) than healthy group (58.99±10.30), table (2).  

According to correlation analysis between line-1 expression and physiological parameters for 

diabetes mellitus patients as shown in Table (3), the results revealed that a positive correlation 

between expression of line-1 with glucose and HbA1c concentrations (r = 0.267 and r = 0.255, 

respectively). Lipid profiles including TC, TG, and LDL presented a positive correlation line-1 

expression (r = 0.233, r = 0.138, and r = 0.109, respectively), table (3). However, the results 

showed a negative association between line-1 expressions with HDL and VLDL (r = -0.456 and 

r= -0.406, respectively), see table (3). Data analysis showed a positive correlation line-1 with 

HDL/LDL ratio (r = 0.233) as well as LDL/HDL ratio (r = 0.044), table (3). 
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Biochemical parameters Healthy subjects Diabetes pateints p-value 

FBG 107.1±4.07 223.8±7.67 p≤0.001 

HbA1c (%) 5.25±0.149 9.16±0.35 p≤0.001 

Cholesterol 129.7±6.25 188.3±7.09 p≤0.001 

Triglyceride 144.0±17.10 231.6±28.25 p≤0.0422 

HDL 28.96±28.96 22.05±0.49 p≤0.0392 

LDL 97.92±9.70 122.9±6.40 p≤0.0427 

VLDL 18.43±1.78 30.52±3.74 p≤0.0260 

HDL/LDL -40.85±20.54 -52.69±28.38 p≤0.1637 

LDL/HDL 58.99±10.30 100.3±6.18 p≤0.0018 

Table (2) physiological parameters of patients with diabetes mellitus and normal humans. 

Data are displayed as mean± S.E.M, (p≥0.05, p≤0.05, p≤0.01, p≤0.001). 

physiological parameters r 95% confidence interval p-value 

Blood glucose 0.267 -0.333 to 0.713 p≤0.3779 

HbA1c (%) 0.255 -0.343 to 0.706 p≤0.3996 

Cholesterol 0.233 -0.364 to 0.695 p≤0.4430 

Triglyceride 0.138 -0.5790 to 0.734 p≤0.7227 

HDL -0.456 -0.816 to 0.158 p≤0.1356 

LDL 0.109 -0.644 to 0.755 p≤0.7961 

VLDL -0.406 -0.795 to 0.218 p≤0.1895 

HDL/LDL 0.233 -0.393 to 0.711 p≤0.4660 

LDL/HDL 0.044 -0.543 to 0.602 p≤0.8918 

Table (3) Correlation Line-1 expression and some physiological parameters of patients with 

diabetes mellitus. 

Discussion: Resulting showed significantly higher levels of glucose, HbA1c, cholesterol, 

triglyceride, LDL, and VLDL in diabetes patients in contrast with healthy. However, HDL level 

was decreased in diabetes patients compared with healthy. Quantitative PCR data found that in 

diabetes patients, line-1 significantly expressed than control. De-repressed line-1, however, 

serves as a diagnostic indicator for some diseases and a driver of numerous diseases (Pedersen 

and Zisoulis, 2016). High-level expression of line-1 is linked to cellular repair, DNA damage, 

apoptosis, stress reactions, and tumor progression (Morrish et al., 2007; Sinibaldi‐Vallebona et 

al., 2006). It discovered a substantial positive association between line 1 and glucose, which was 

most noticeable in people with diabetes. The results of the current investigation demonstrated a 

favorable correlation between line-1 expression with glucose level and HbA1c. A significant 

relationship between serum glucose concentration and line-1 methylation was reported in a 

discussion (Pearce et al., 2012). However, studies showed that line-1 methylation was adversely 

related to blood sugar levels (Turcot et al., 2012). The precise mechanism is yet unknown. The 

syndrome known as diabetes mellitus is at risk due to elevated glucose levels, thus even though 

the pathway underlying this link is unknown. Line-1's activity as a retrotransposable sequence 

that may influence gene expression and cause genomic changes via a variety of pathways is 

increased by hypomethylation (Schulz et al., 2006). According to earlier research, oxidative 

stress may service line-1 expression while disrupting the expression of genes implicated repair of 

DNA (Giorgi et al., 2011; Wongpaiboonwattana et al., 2013). One of the potential causes of 

chronic inflammation may be oxidative stress-induced line-1 activation (Xiao-Jie et al., 2016). 

Diabetes's high blood sugar levels are thought to be a significant component in the development 

of oxidative stress and inflammation (Wojcik et al., 2020). Oxidative stress brought on by 

inflammation in diabetes may promote line-1 expression. It is yet unknown how increased line-1 

activity may cause pro-inflammatory signals to be induced and maintained. An increase in 
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oxidative stress, which causes genomic instability and DNA damage, may activate line-1, which 

may be essential for chromosomal and genomic integrity. Therefore, these components might 

influence the pathophysiology of diabetes. There is currently no evidence that line-1 expression 

and diabetes in people with diabetes mellitus are related in any way. Our comprehension of the 

connection between transposons elements-mediated disease and the etiology of diabetes may be 

improved by this information. According to Maria Martin-Nunez et al. (2014), , people with 

T2D had lower methylation of line-1 in their blood cells than people who were not diabetic. In 

contrast, line-1 hypermethylation, lower expression, has been related with evaluated levels of 

blood glucose, cholesterol, triglycerides, and LDL-cholesterol in diabetes type II (Pearce et al., 

2012). Wu and colleagues found that patients with diabetes type II had considerably evaluated 

line-1 methylation compare to healthy controls (Wu et al., 2017). It discovered that insulin 

resistance was substantially linked with hypermethylation of lein-1 element in leukocytes from 

those who had type II diabetes (Zhao et al., 2012). We also investigated the link between line-1 

expression levels with glucose and lipid dysregulation. Our results revealed no statistically 

significant correlation between the line-1 gene and HDL levels. However, we discovered a 

robust correlation between LDL concentration and the line-1 gene. The association between 

expression line 1 and the lipid indicators was confirmed by the vast majority of the studies that 

were examined (Braun et al., 2017; Dayeh et al., 2016; Kriebel et al., 2016; Walaszczyk et al., 

2018). Levels of the line-1 gene were displayed to be linked with HDL-C and LDL-C. Increasing 

expression of line-1 was correlated with lower concetration of HDL and higher LDL values 

(Cash et al., 2011b). Lipoproteins in peripheral blood likely have an impact on methylation of 

line-1, potentially contributing to the increased line-1 expression and its hypomethylation found 

in atherosclerotic (Hiltunen et al., 2002; Yideng et al., 2007) This research highlighted line-

1potential function as a predictor of associated metabolic problems or the likelihood of 

promoting type 2 diabetes. Methylation of line-1 is related to elevated LDL and decreased HDL 

concentrations, as well as to several blood-based metabolic indicators (Pearce et al., 2012). 

According to Turcot et al. (2012), they found that line 1 has also been shown to be connected to 

cholesterol and blood sugar levels. Studies showed that line-1 hypermethylation compared to 

hypomethylation was connected with a greater risk of metabolic disorders (Maria Martin-Nunez 

et al., 2014). It was discovered that methylation of the line-1 was negatively linked by HDL, the 

HDL/LDL ratio, and favorably related to LDL, total cholesterol, and triglycerides (Pearce et al., 

2012). Additionally, research revealed a weak and negative connection with HDL and a positive 

association was identified between line-1 methylation and the ratio of LDL/HDL (Walaszczyk et 

al., 2018). 

Conclusion: line-1 is significantly up- regulated in diabetes mellitus patients. Glucose, HbA1c, 

and lipid profile are significant correlates with line-1 expression. It suggested that physiological 

parameters are linked to greater levels of line-1 expression. It is unknown how line-1 expression 

and diabetes mellitus are related. A longitudinal study would be an intriguing method to learn 

more about the connections between diabetes and line 1 in the progression of the disease, 

especially given that diabetes disease is currently one of the main causes of death accurse in the 

world. 
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