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Abstract   

Type 2 diabetic mellitus (T2DM) is growing rapidly around the world, due in large part to 

significant changes in the modern human lifestyle. T2DM and its complications are affected 

by a complex interplay of genetic, life course, ecological, cultural, socioeconomic, cognitive-

psychological-behavioral, and access to care factors that influence regional variations in 

disease burden and care quality by gender. This study aims to investigate the role of laminin 

subunit alpha 2 (LAMA2), mixed lineage leukemia 4 (MLL4), plexin domain containing 2 

(PLXDC2), and Protein Z (PORZ) as potential biomarkers for T2DM at different durations of 

the disease. These biomarkers were assessed using an enzyme-linked immunosorbent assay. 

While biochemical parameters (FSG) and lipid profiles were measured 

spectrophotometrically. HbA1C using HPLC. The volunteer individuals were subdivided into 

five groups: group I: DM with duration of disease less than 1 year, group II: DM with 

duration of disease from 1-5 years, group III: DM with duration of disease from 5-10 years, 

group IV: DM with duration of disease more than 10 years, group V: healthy control. Results 

showed a significant difference among the studied groups in LAMA2 and PLXDC2. In 

contrast, no significant difference was observed in MLL4 and POR Z. It has been concluded 

that LAMA2 and PLXDC2 are involved in the duration of the disease.  

Keywords: Laminin subunit alpha 2, Mixed lineage leukemia 4, Plexin domain containing 2, 

Protein Z, Type 2 diabetes. 

 

1. Introduction 

Type 2 diabetic mellitus (T2DM) is growing rapidly around the world, due in large part to 

significant changes in the modern human lifestyle (1). Diabetes mellitus is a complicated 

long-term condition linked to elevated blood glucose levels, known as hyperglycemia, 

resulting from insufficient insulin production, function, or both. To enhance the management 

of DM and ensure adequate care for adults with the condition, it is crucial to gain a better 

comprehension of how age at diagnosis and duration of diabetes relate to diabetes-related 

outcomes. Individuals who are diagnosed with diabetes at different ages exhibit distinct 

characteristics both initially and as time progresses. A person diagnosed with diabetes at a 

specific age may differ significantly from another individual diagnosed at a different age in 

terms of their baseline attributes and how their condition evolves (2-4). Numerous studies 
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have demonstrated the impact of lifestyle modifications, such as regular physical activity and 

healthy eating habits, in preventing or delaying the onset of T2MD. The Diabetes Prevention 

Program, a landmark clinical trial, showed that lifestyle interventions, including a modest 

weight loss and increased physical activity, can reduce the risk of developing T2DM by up to 

58% in high-risk individuals (5-7). Out of the various conditions referred to as "diseases of 

civilization," DM currently ranks high in terms of the rapid increase in rates of illness, 

disability, and death (8). Globally, there are currently more than 460 million individuals 

living with diabetes. However, according to the projections of the International Diabetes 

Federation, that number is expected to increase to 642 million by the year 2040 (9,10). Many 

factors contribute to the development of T2DM (11). Moreover, to identify genetic and 

protein markers for future T2DM, significant efforts have been made. Therefore, protein 

markers are the most common and have been successful in diagnosing diabetes, though not 

specifically at the beginning of the disease or in the early stages of its progression (12). It has 

been found that the laminin subunit alpha 2 (LAMA2) mutation has been associated with 

merosin-deficient congenital muscular dystrophy (13). According to studies, mixed lineage 

leukemia 4 (MLL4) collaborates with transcription factors to control the function of islet β-

cells (14). As the nervous system develops, the regulation of differentiation and proliferation 

is attributed to the known role of plexin domain containing 2 (PLXDC2). The protein Z-

dependent protease inhibitor (POR Z), a powerful down-regulator of coagulation factor Xa, 

has recently been demonstrated to require POR Z as a crucial cofactor. Consequently, it is 

suggested that protein Z deficiency causes a prothrombotic condition (15). This study aims to 

investigate the role of LAMA2, MLL4, PLXDC2, and PORZ as potential biomarkers for 

T2DM at different durations of the disease. 

 

2. Materials and Methods 

2.1. Study groups  

The current study was included 100 patients with T2DM that divided to five subgroup GI: 

DM with duration of disease less than 1 year, GII: DM with duration of disease from 1-5 

years, GIII: DM with duration of disease from 5-10 years, GIV: DM with duration of disease 

more than 10 years, GV: healthy control with age ranging from 30-65 years old. The study 

was conducted at the National Diabetes Center at Mustansiriyah University in Baghdad, Iraq, 

from January to March 2022, and involved the recruitment of volunteers. 

2.2. Exclusion criteria 

The diabetic patients included in the study did not have any preexisting conditions such as 

heart disease, liver disease, kidney disease, or hypertension. Additionally, individuals who 

were smokers or had other complications related to diabetes were not included in the study. 

Healthy individuals, without diabetes, hypertension, or any other acute illnesses, were chosen 

as the control group. Additionally, they had no previous history of smoking or drinking 

alcohol. 

2.3. Blood sampling 

After a 10 to 12-hour overnight fast, each patient and control had their blood drawn. The 

blood sample was separated into a gel tube to separate the serum, then the serum was used to 

measure the levels of LAMA2, MLL4, PLXDC2, and PROZ. The HLC-723GX automated 

glycohemoglobin analyzer from Tosoh was used to measure glycated hemoglobin (HbA1c). 

Bio System Spain supplied kits for the enzymatic colorimetric measurement of serum fasting 

blood glucose (FBG), total cholesterol (TC), triglycerides (TG), and high-density lipoprotein 

(HDL). LAMA2 and PLXDC2 quantities were assessed using sandwich enzyme 
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immunoassay methods with a CUSABIO kit from the USA. Serum MLL4 levels were 

determined through competitive enzyme immunoassay techniques using a kit from 

Biosource, USA, while PROZ was supplied from the UK, Houston. 

2.4. Statistical analysis  

The analysis of the outcomes was conducted using the statistical analysis program SPSS 25. 

The main findings were presented using descriptive statistics, and group comparisons were 

performed using the One-Way ANOVA test (16). 

 

3.  Results  

Some biochemical characteristics were measured in the study population; the results are 

illustrated in Table 1. Statistically significant differences appeared between the study groups, 

depending on the duration of the disease, for all included parameters: age and BMI.   

Also, the results showed significant differences between groups in Table 2 for FSG and 

HbA1c. Moreover, TC, TG, LDL, VLDL, and AIP were significantly elevated in all DM 

patient groups compared to the control, as shown in Table 3.  

Also, all the parameters showed significant increments between groups of DMS in different 

durations.  

In Table 4, the results revealed a considerable effect in four groups compared to the control 

in LAMA2, MLL4, PLXDC2, and PROZ levels 

Table 1. Distribution of mean age and BMI for all studied groups. 

Parameter  
Mean±SD  

 Group 1 Group 2 Group 3 Group 4 Group 5 

Age (Years)  47.0 ± 9.0
a
 51.0 ± 6.0

b
  51.0 ± 7 .0

c
 53.0 ± 6.0

d
 42.0 ± 9.0 

                                     p- value = 0.0001  

BMI (Kg/m
2
)    30.0 ± 7.0

a
 33.40 ± 5.0

b
    29.40 ± 4.0

c 
29.90 ± 5.90

d
 25.90 ± 3.0 

                                    p- value = 0.0001  

*Significantly using ONEWAY-ANOVA and at the 0.05 level, a) Indicate significant difference between G5 

and G1, b) Indicate significant difference between G5 and G2, c) Indicate significant difference between G5 and 

G3, d)  Indicate significant difference between G5 and G4. 

 

Table 2. Distribution of mean HbA1c and FSG for all studied groups. 

Parameter 
Mean±SD 

Group 1 Group 2 Group 3 Group 4 Group 5 

HbA1c (%) 
9.20 ± 2.40

a
 8.90 ± 2.0

b
 9.40 ± 2.40

c
 8.40 ± 1.80

d
 5.20 ± 0.30 

p-value = 0.0001 

FSG (mg/dL) 
303.0 ± 00.40

a
 307.60 ± 8.90

b
 208.20 ± 7.29

c
 088.80  ± 5.44

d
 88.10 ± 6.30 

p-value = 0.0001 

*Significantly using ONEWAY-ANOVA and at the 0.05 level, a) Indicate significant difference between G5 

and G1, b) Indicate significant difference between G5 and G2, c) Indicate significant difference between G5 and 

G3, d)  Indicate significant difference between G5 and G4. 
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Table 3. Distribution of mean lipid profile for all studied groups. 

Parameter 
Mean±SD 

Group 1 Group 2 Group 3 Group 4 Group 5 

Cholesterol 

(mg/dL) 

198.0 ± 4.70
a 

189.0 ± 5.70
b 

213.0 ± 6.30
c 

207.0 ± 4.60
d 

124.0 ± 3.30 

p-value = 0.001 

TG (mg/dL) 
157.0 ± 6.90

a 
176.50 ± 7.90

b 
167.6±57

c 
165.30 ± 6.70

d 
95.60 ± 2.30 

p-value = 0.001 

LDL (mg/dL) 
111.70 ± 5.30

a 
116.20 ± 5.70

b 
134.8± 67

c 
132.60 ± 4.0

d 
50.20 ± 1.90 

p-value = 0.001 

HDL (mg/dL) 
49.60 ± 16.0

a 
41.80 ± 16.0

b 
53.3± 31

c 
39.30 ±  9.0

d 
51.90 ± 1.0 

p-value = 0.05 

VLDL (mg/dL) 
32.0 ± 14.0

a 
36.10 ± 16.0

b 
33.40 ± 11.0

c 
33.0 ± 13.0

d 
19.90 ± 4.70 

p-value = 0.001 

AIP 
0.49 ± 0.20

a 
0.60 ± 0.20

b 
0.52 ± 0.20

c 
0.59 ± 0.22

d 
0.28 ± 0.04 

p-value = 0.003 

*Significantly using ONEWAY-ANOVA and at the 0.05 level, a) Indicate significant difference between G5 

and G1, b) Indicate significant difference between G5 and G2, c) Indicate significant difference between G5 and 

G3, d)  Indicate significant difference between G5 and G4. 

 

Table 4. Distribution of mean LAMA, MLL4, PLXDC2, and PROZ for all studied groups. 

*Significant using ONEWAY-ANOVA and at 0.05 level, a) Indicate significant difference between G5 and G1, 

b) Indicate significant difference between G5 and G2, c) Indicate significant difference between G5 and G3, d)  

Indicate significant difference between G5 and G4.  

 

4. Discussion 

The duration of T2DM can significantly impact various factors, such as FSG, HbA1c, and 

lipid profile. Studies have shown that as the duration of T2DM increases, there is a gradual 

deterioration in glycemic control, as evidenced by higher levels of FSG and HbA1c. A study 

(17-20) observed that individuals with longer DM durations had elevated HbA1c levels, 

indicating poorer long-term glucose management (21, 22). This finding aligns with the results 

presented in Table 2. Moreover, as shown in Table 3, statistically significant differences 

were found between the study groups, depending on the duration of the disease, as well as 

between healthy controls and the other groups. Furthermore, an extended duration of T2DM 

has been associated with dyslipidemia, characterized by increased levels of TC, LDL, and 

TG, alongside decreased HDL cholesterol levels; TG levels increased, and glucose 

metabolism was impaired. Even if the effects of weight gain are kept under control, 

abnormalities in glucose metabolism, along with those of glucose and HbA1c, persist (23-

26). Additionally, while the rise in LDL-C levels vanished, the increase in serum TG levels in 

diabetic patients persisted. Even if there wasn't much physical activity throughout the 

epidemic, diabetic patients may find it difficult to concentrate because of their impaired 

Parameter                                                                 Mean±SD 

Group1  Group2   Group 3  Group 4 Group 5 

LAMA4  (ng/mL) 9.70 ± 4.10
a 

13.10 ± 4.80 
b 

11.20 ± 4.70
c 

13.60 ± 5.30
d 

4.50 ± 0.80 

 p-value = 0.001 

MLL4 (ng/mL) 2.40 ± 1.20
a 

2.20 ± 0.70
b 

2.20 ± 1.10
c 

3.40 ± 0.90
d 

1.60 ± 0.40 

p-value = 0.30 

PLXDC2 (pg /mL) 1083.0   ± 31.60
a 

1256.0  ±  38.60
b 

1345.0   ±

30.60
c 

1182.0   ± 31.70
d 

644.0 ± 

21.10 

p-value = 0.001 

PROZ (ng/mL) 21.90 ± 6.0
a 

23.8 ± 5.60
b 

21.70 ± 5.60
c 

23.40 ± 5.0
d 

62.8 ± 5.20 

                                                          p-value = 0.03 
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perception. Additionally, T2DM patients' cognitive function reportedly suffered due to 

physical inactivity (27). 

There is no known correlation or direct association between the LAMA2, MLL4, PLXDC2, 

and PROZ genes and T2DM. In contrast, T2DM is a multifactorial metabolic condition 

influenced by a combination of genetic, environmental, and lifestyle factors. While several 

genes have been identified as playing a role in the development and progression of T2DM, 

they are primarily involved in insulin secretion, insulin sensitivity, and glucose metabolism 

(28). They have concerns about T2DM or any genetic conditions; it is recommended to 

consult with healthcare professionals, such as physicians or genetic counselors. They can 

provide personalized guidance and information based on the specific situation, including 

appropriate screening, prevention strategies, and management approaches, as noted in 

previous outcomes (29). 

 

5. Conclusion 

The duration of the disease appears to affect some parameters but not others. MML4 and 

PROZ are not affected by the duration of the disease, while LAMA4 and PLXDC2 are 

affected by prolonged disease duration. Whereas FBG, HbA1c, and lipid profile are affected 

by the duration of the disease. 
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