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Abstract  

     Chronic kidney disease (CKD) is a major public health concern and a leading 

cause of mortality worldwide. This study aimed to explore the relationship between 

the expression of microRNA-223 (miRNA-223) and the prevalence of chronic renal 

disease, with a focus on identifying potential biomarkers in Iraqi patients. The study 

found a correlation between blood lipid profiles and the risk of developing CKD. A 

total of 250 blood samples were collected, 150 samples from CKD patients and 100 

samples control group were collected from healthy individuals. Clinical biomarkers 

showed that there was a significant increase (p-value ≤ 0.05) in white blood count, 

neutrophil, lymphocyte, blood urea and creatinine, while the increase in platelet count 

was not significant (p-value≥ 0.05). Additionally, analysis of serum lipid levels 

revealed a significant difference between the two study groups according to 

triglycerides, high-density lipoprotein and very low-density Lipoprotein (p-value < 

0.01) which was 219.3±141.2, 36.16±11.8 and 42.77±26.33 respectively. However, 

there were no significant differences in total cholesterol and low-density Lipoprotein 

levels, which were 186.5±63.45 and 96.37±37.44 (p-value ≥ 0.05) in the patient group 

compared to the healthy controls group. A molecular study was done through analysis 

by (RT-qPCR) quantifying miRNA-223 expression as a novel biomarker for the 

disease. The folding expression of mi-RNA 223 showed down-regulation in the 

patient compared to the control group (0.322±0.32vs 1.00). 
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المرتبط مع الدهون لدى مرضى أمراض الكلى المزمنة  223التعبير الجيني لرنا  
 

 شهد اياد شكر*, سحر مدحت حسين

 الجزيئية الطبية، علوم التقنيات الاحيائية، النهرين، بغداد، العراق.
 

  صة الخل 
مرض الكلى المزمن من أهم الشواغل الصحية العامة والسبب الرئيسي للوفيات في جميع أنحاء العالم.   ان     

وانتشار مرض    microRNA-223 (miRNA-223)تهدف هذه الدراسة إلى الكشف عن العلاقة بين التعبير 
الكلى المزمن، مع التركيز على تحديد المؤشرات الحيوية المحتملة لدى المرضى العراقيين. وجدت الدراسة وجود  

عينة    250علاقة بين مستويات الدهون في الدم وخطر الإصابة بمرض الكلى المزمن. تم جمع ما مجموعه  
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عينة من مجموعة السيطرة من أفراد أصحاء.    100عينة من مرضى مرض الكلى المزمن و    150دم، تتضمن  
( في تعداد خلايا الدم البيضاء  p ≤ 0.05أظهرت المؤشرات الحيوية السريرية وجود زيادة معنوية كبيرة )قيمة  

والعدلات واللمفاويات واليوريا في الدم والكرياتينين، في حين لم يكن الزيادة في عدد الصفائح الدموية ذات دلالة  
(. بالإضافة إلى ذلك، كشف تحليل مستويات الدهون في المصل عن وجود فرق  p ≥ 0.05إحصائية )قيمة  

معنوي كبير بين مجموعتي الدراسة  للدهون الثلاثية والبروتين الدهني عالي الكثافة والبروتين الدهني منخفض  
±    42.77و    11.8±    36.16و    141.2±    219.3( والتي كانت  0.01مالية >  الكثافة جدًا )القيمة الاحت

على التوالي. اضافة الى لم تكن هناك فروق معنوي في مستويات الكوليسترول الكلي والبروتين الدهني    26.33
الكثافة، والتي كانت     في (  0.05  ≤)القيمة الاحتمالية    37.44±    96.37و    63.45±    186.5منخفض 

) الجزي  الدراسة  أجريت.  السيطرة  مجموعة   مع  المرضى  مجموعة  مقارنة بواسطة  التحليل  -RTئية من خلال 
qPCR  التعبير عن لتحديد كمية   )miRNA-223    التعبير عن للمرض. أظهر  -miكعلامة حيوية جديدة 

RNA 223   ( 0.32±    0.322انخفاضًا في مستوى التعبير الجيني لدى المرضى مقارنةً بمجموعة السيطرة  
 (.1.00مقابل 

 
Introduction 

      Chronic kidney disease (CKD) has emerged as one of the leading causes of mortality and 

suffering in the twenty-first century. This rise is partly attributed to an increase in risk factors 

linked to unhealthy lifestyles in the ageing population in both industrialized and developing 

nations, such as obesity, diabetes mellitus, and hypertension. Often referred to as a "silent 

disease," CKD typically presents no overt clinical symptoms in its early stages [1]. 

CKD is a growing global concern characterized by a gradual decline in renal function, which 

leads to increased morbidity and mortality [2]. In 2017, approximately 1.2 million fatalities 

related to CKD, with a 95% uncertainty interval (UI) ranging from 1.2 to 1.3 million. 

Additionally, impaired kidney function led to approximately 1.4 million deaths caused by 

cardiovascular disease, with a range of 1.2 to 1.6 million. By 2030, the number of people 

requiring renal replacement therapy is projected to increase fourfold to reach 5.4 million. 

Currently, over 2.5 million persons are receiving this treatment [3]. Numerous miRNAs have 

been associated with kidney disorders, and have provided evidence supporting the notion that 

miRNAs play a key role in the area of chronic kidney disease (CKD). Altered expression of 

miRNA has been shown to affect the onset and progression of various pathological processes, 

including kidney injury, renal malignancy, and diabetic nephropathy [3]. Moreover, serum 

miRNAs are recognized for their exceptional stability in blood and serve as valuable diagnostic 

and prognostic markers for a diverse array of conditions. Research using cellular and animal 

models of CKD have demonstrated a clear association between the levels of microRNA 

(miRNA) and the development of the disease [3]. 

 

     Cardiovascular disease (CVD) is primarily driven by chronic renal disease, with patient 

morbidity and mortality worsened by cardiometabolic risk factors, irrespective of race or 

ethnicity [4]. Dyslipidemia is a well-known risk factor for cardiovascular disease. In terms of 

morbidity and mortality, total cholesterol (TC), low-density lipoprotein (LDL), and high-

density lipoprotein (HDL) are independent predictors of cardiovascular disease, as numerous 

observers have documented on a broad scale. In patients with CKD, the development of CVD 

is influenced by multiple risk factors, with dyslipidemia and modified risk variables being 

particularly significant [5]. Abnormal levels of lipid and lipoprotein in patients with chronic 

kidney disease increase the likelihood of atherosclerosis and cardiovascular disease [6]. 

Deficiencies in lipoprotein transport, combined with proteinuria, contribute to the progression 

of renal failure. Patients who have proteinuria may experience elevated cholesterol levels. The 

primary indicator of dyslipidemia is typically elevated serum triglyceride levels, high levels of 

VLDL, low levels of HDL, and elevated HDL levels. CKD regulates the primary metabolic 
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pathways [7]. miRNA-223, initially recognized as a regulator of blood cell lineage 

development, is also found to be abnormally regulated in several cancer types and is 

increasingly recognized for its involvement in inflammatory and metabolic illnesses, 

specifically muscle diseases, type II diabetes, atherosclerosis, and vascular calcification [8]. 

Elevated levels of miRNA-223 have been observed in kidney biopsies of individuals 

experiencing progressive chronic renal failure in comparison to those with stable CKD, 

suggesting that miRNA-223 may contribute to the worsening of renal dysfunction [3]. 

Additionally, miRNA-223 possesses antiangiogenic properties and inhibits the proliferation of 

newly obtained endothelial cells by specifically targeting β1integrin and growth factor 

signaling pathways in these cells. miR-223 appears to be essential for preserving the state of 

rest in endothelial cells [9]. This study aims to evaluate various biochemical parameters 

including complete blood count, renal function test and lipid profile and estimate the level of 

miRNA-223 in the blood of Iraqi patients with CKD as a biomarker. 

 

Materials and Methods 

Sample collection  

     This study covered the period from October to March 2024. Blood samples were collected 

from al-kindi Teaching Hospital and al-alami Hospital in Baghdad, Iraq. For this study in total 

150 samples were collected for patients' group, patients with a mean age of 50±5 years old, 

including 72 males and 78 females. In addition, 100 samples were collected for the healthy 

control group. All samples (patient and control) were examined for urinary tract infection and 

the presence of game-negative bacteria. From those samples were taken blood samples divided 

as follows: 

1. For CBC, a volume of 1.5 ml of blood samples was added into an ethylene diamine 

tetra acetic acid (EDTA) tube. 

2.  For biochemical parameters, a volume of 4.5 ml of blood samples was transferred to a 

gel tube and centrifuged at 4000 rpm for 10 minutes to obtain serum and storage at (-20 °c) 

until used. 

3. For the molecular study, the samples that diagnosed infection with gram-negative 

bacteria were selected, and a volume of 600µl of serum was added to 400 µl of Trizol and 

stored at (-20 °c) until used. 

 

 Primers 

     All primers used in this study were obtained from macrogen® (Korea). The name and 

sequence are provided in Table 1. 

 

Table 1: The name, sequence and product size of primers used in this study 

Name of Primer 5`-Sequence-3` Reference 

miR-223RT 
GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTGCACTGG

ATACGACGGGGTA 
[10] 

miR-223F 

miR-223R 

TGTCAGTTTGTCAAA 

CAGTGCGTGTCGTGGAGT 
[10] 

U6-FP CTCGCTTCGGCAGCACA [11] 

U6-RP AACGCTTCACGAATTTGCGT [11] 

 

Hematology study  

 Complete blood count (CBC) test 

     The Complete Blood Count test was utilized to determine the cell count for each cell type 

and platelets in the blood and detect the concentration of haemoglobin. This test provides the 

healthcare provider with details about the blood and general health. CBCs assist medical 

professionals in the diagnosis, surveillance, and screening of a variety of illnesses, ailments, 
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disorders, and infections. Results were recorded based on age and sex using an automated 

device and according to manufacture protocol by DxH 520 Beckman Coulter’s Compact. 

 

Biochemical tests  

     The renal function test and lipid profile test were conducted using a chemistry analyzer with 

electrolyte (IMT) and photometric testing capabilities. This test involves analyzing blood 

samples for certain substances according to manufacture protocol and automated device by 

Spin 200 E throughput instrument. 

 

 Molecular study 

 RNA extraction by TRIzol™ 

      A volume of 400µl of serum was added to 600 µl of TRIzol™, the lysate multiple times to 

homogenized, incubated for 5 minutes to completely dissociate the nucleoprotein complex and 

stored in deep freeze (-20°c) until use. The samples were mixed vigorously, and then 150 µl of 

chloroform was added to the TRIzol™ for lysis. The mixture was vortexed again and incubated 

for 15 minutes in a freeze. After that, the mixture was centrifuged at a speed of 12,000 rpm for 

15 minutes, which was separated into three layers, a lower layer containing red phenol-

chloroform, an intermediate layer, and an upper layer consisting of colorless aqueous solution. 

The aqueous phase (upper layer) containing RNA was subsequently transferred to a new tube 

and 300 µl of isopropanol to precipitate RNA, mixed using a vortex and the resulting 

combination was kept in a freezing environment for a duration of 25 minutes. Subsequently, 

apply centrifugation to the mixture at a rate of 12,000 rpm for 10 minutes for precipitation of 

total RNA leads to the creation of a dense, gelatine mass that settles at the bottom of the tube 

and has a white appearance. The supernatant above was taken out using a micropipette, and the 

RNA was washed by adding 600 µl of 75% ethanol, the pellet was dissolved by vertexing and 

centrifuge at 7500 × g for 5 minutes, emptying the supernatant with the micropipette and the 

tube was opened for 25-30 minutes to dry. The pellet was resuspended in 25 µL of RNase-free 

water, and incubated at 60°c for 15 minutes using a thermomixer, the RNA that collected was 

kept at -20 °c until processing. 

 

miRNA Quantitation 

      The Qubit® working solution was prepared by diluting the Qubit® miRNA HS reagent at 

a ratio of 1:200 in Qubit® miRNA HS buffer. A volume of 190 µL of Qubit® working solution 

was added to the tube intended for use as a standard. Subsequently, 10 µL of specified standard 

solution was added to the same tubes, followed by vertexing. Each tube prepared for the sample 

was supplemented with 197 µL of the Qubit® working solution, followed by the addition of 3 

µL of sample to each tube individually. The entire mixture was vigorously mixed and left to 

sit at room temperature for 3 minutes. Standards tubes were placed into the Qubit device to 

generate a concentration curve. The tubes containing the samples were sequentially inserted to 

measure the concentration of miRNA in each sample. 

 

 RT-qPCR protocol 

    The RT-qPCR experiment was divided into two steps, the first step was cDNA synthesis 

from miRNA through a specific primer for miRNA-223 as mentioned in Table 1 and 

protoscript cDNA synthesis kit. This procedure was performed as follows: 

A volume of 5 µL of samples that contained total RNA was transferred into a fresh PCR tube. 

A Protoscript reaction mix consisting of (dNTPs, buffer, and other necessary components) was 

added at a volume of 10 µL for each sample tube. The MuLV Enzyme was added with a volume 

of 3 µL for each sample and a specific primer of 1.5 µL was added, then the volume was 

completed to 25 µL by adding 4 µL of nuclease-free water. The mixture was incubated at 42 

ºC for 1 hour in a thermocycler and the enzyme was deactivated at 80 ºC after this. The reaction 
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mixture was formed of components listed in Table 2 below, along with their respective 

quantities. 

 

Table 2: component of cDNA mixture 

Component 25 µL Reaction 

Enzyme 3 

Extracted total RNA 5 

Nuclease-free Water 4 

Random Primer 1.5 

Reaction mix 10 

RT223 1.5 

 

Using Qubit 4.0, the cDNA product was quantified and then kept until the second step (relative 

quantitative PCR). 

The second step was done by the following: 

The cDNA sample was chosen from both the patient and control groups concurrently. Each 

sample requires the use of two PCR tubes: one for the target miRNA (miRNA223) and another 

tube for U6 snRNA which serves as a housekeeping gene in this experiment.         The 

quantification was done by assessing the fluorescence intensity of SyberGreen. The reaction 

mixture consists of the components indicated in Table 3, along with their corresponding 

amounts: 

 

 Table 3: component of the reaction mix 

Component 20 µL Reaction 

Forward primer (10 µM) 1 

Luna Universal qPCR Master Mix 10 

Nuclease-free Water 3 

Reverse primer (10 µM) 1 

Template DNA 5 

 

After that, adjust the Real-Time PCR software based on the selected thermocycling 

methodology provided in Table 4. 

 

Table 4: RT PCR setup 

Cycle Step Temperature Time Cycles 

Initial Denaturation 95°C 8 minutes 1 

Denaturation Extension 
95°C 

60°C 

15 seconds 

30 seconds (+plate read) 
50 

Melt Curve 60-95°C 20 minutes 1 

 

The result from RT-PCR (Ct) was collected and analyzed according to Livak formula as 

following: 

∆Ct patient = Ct patient – Ct U6 

∆Ct control = Ct control – Ct U6 

∆∆Ct = ∆Ct patient – ∆Ct control 

Folding expression = 2-(∆∆CT) 
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Statistical investigation  

     The SPSS (2016) software (IBM Corp, 2016) was utilized to analyze the effects of variation 

in study parameters. The least significant difference (LSD) test, part of the analysis of variance 

(ANOVA), or the T-test was used for significant comparisons between means. The Chi-square 

test was employed to identify significant associations among percentages. In this investigation, 

a confidence interval (CI), an odd ratio, and a P value between 0.05 and 0.01 were projected in 

all statistical analyses. 

 

Results and discussion 

Subjects' data 

     The identification of biochemical parameters, epigenetic markers and their effects 

influences on human health may provide insights into the correlation between genetic 

background and susceptibility to developing CKD disease. The study involved a total of 250 

participants, with 150 persons diagnosed with CKD and 100 healthy individuals serving as the 

control group. The data were collected through various criteria acquired from the questionnaire 

forms completed by both patients and control individuals. The demographic characteristics 

utilized in this investigation are presented in Table 5.  

 

Table 5: Demographic characteristics of the study groups 

Criteria 
Control 

(100 samples) 

CKD 

(150 samples) 

 

Age (year) 

<40 34 (34%) 30 (20%) 

40-50 50 (50%) 57 (38%) 

>50 16 (16%) 63(42%) 

Sex 
Male 46(46%) 72 (48%) 

Female 54 (54) 78 (52%) 

 

Family history 

Yes 16 (16%) 135 (90%) 

No 84 (84%) 15 (10%) 

 

Hypertension 

No 86 (86%) 60 (40%) 

Yes 14 (14%) 90 (60%) 

 

Body mass index 

18.5 – 25 30 (30%) 36 (24%) 

>30 70 (70%) 114 (76%) 

 

     The findings for both healthy subjects and CKD patients are shown in Table 5, including 

age, sex, family history, hypertension, and body mass index. The results indicate that 34% of 

the participants were reported to be in good health, while 20% were diagnosed with CKD. 

Specifically, among individuals under the age of 40, 50% of individuals were reported to be in 

good health, whereas 38% had been diagnosed with CKD. Among those over 50 years old, 

42% of individuals diagnosed with CKD were over 50 years old, while 16% appeared to be in 

good health. Additionally, the study found that 46% of the male participants were ostensibly 

in good health, while 48% had been diagnosed with CKD. The proportion of women was 54% 

and 52%, respectively. The prevalence of a family history of CKD was noted to be 16% among 

ostensibly healthy subjects and 90% among CKD patients. Hypertension was present in 14% 

of apparently healthy subjects and 60% of CKD patients, respectively. Regarding body mass 

index indicated that 30% and 24% of healthy and patients with CKD, respectively, were within 

the 18.5-25 range, while 70% and 76% of healthy and patients with CKD, respectively were 

within more than >30 range. The current study found a significant association between obesity 

(as assessed by BMI, waist circumference, and W/H ratio) and CKD in the current study, in 

addition to other established risk factors [12]. 
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The hematology analysis  

     The results indicated a significant increase (p-value ≤ 0.0001) in white blood cells, 

lymphocytes and neutrophils  with values of 11.12, 2.8 and 6.77 respectively while there were 

non-significant increases (p-value ≥ 0.001) in platelet count that was 264.9.  The 

haematological test of all Patients who had CKD was shown in Table 6. 

 

Table 6: Hematological parameter test for Patients with CKD and control group 
Group 

 

Parameter 

 

Normal Range for 

Healthy Cases 

 

Healthy Control 

Group 

 

Patient 

Group 

Sig. p-Value 

WBC 103/µL 3.60-10.20 7.29 ± 1.38 11.12±3.387 ** <0.0001 

LYM 103/µL 1.00-3.20 2.0±0.82 2.8±1.06 * 0.0272 

NET 103/µL 1.85-5.94 3.28 ± 1.7 6.77±2.11 ** <0.0001 

PLT 103/µL 152.4-3547.9 232.3±46.83 264.9±72.38 NS 0.0702 

NS: non-significant *: significant **: highly significant 

 

Chronic kidney disease (CKD) affects over 10% of the population and has substantial social 

and economic consequences [13]. CKD is particularly prevalent among the elderly [14]. 

Laboratory data from urinalysis included assessments of white blood cells, positive nitrite test, 

bacteria and red blood count. The white blood cell count was evaluated for the minimal, median 

and maximal values, with the complete blood count in which the median value of WBC was 

within normal limits [15].  

 

     In CKD patients, the observed white blood cell count was (11.12 103/µL), compared to the 

control group (6.76 103/µL). The results showed a highly significant difference between 

patients (who had CKD) and healthy control group (p-value ≤ 0.001) 

White blood cells, often known as WBCs, are a type of immune cells that play a crucial role in 

major diseases such as cancer, infections, and inflammatory disorders [16]. 

The study by [17-18] noted significant differences in leukocyte counts in patients infected with 

CKD, which aligns with the findings of this study. Lymphocytes are a type of agranulocytes 

that make up 20 to 40% of the total leukocyte count. They are an integral part of the adaptive 

immune system. Lymphocytes are immune cells that are capable of recognizing and reacting 

to antigens. They circulate between different lymphatic tissues [19]. A correlation has been 

established between the severity of illness in different conditions, such as infections, and the 

fluctuations in neutrophil and lymphocyte cell counts. In this study, significant increase in 

lymphocyte counts, with values of 2.8 103/µL for the patient group and (2.0 103/µL) for the 

healthy control group in this study (p-value ≤ 0.0272) [20]. 

Lymphocytes are significant in CKD, due to their diverse and adaptable nature allows them to 

have multiple functions in causing renal injury and fibrosis. The interaction between innate and 

adaptive lymphocytes in the immune response follows a sequential pattern of reactions 

throughout time. This underscores the importance of targeting certain subsets of lymphocytes 

with different therapeutic approaches. Research into lymphocyte interferences within living 

organisms and the transfer of these cells has opened new possibilities for therapeutic techniques 

connected to lymphocytes. Additionally, the regulation of gut microbiota and metabolites to 

regulate lymphocyte immunological responses associated with CKD demonstrates promising 

therapeutic promise for the development of drugs targeting kidney illnesses in the future [21]. 

 

     T-lymphocyte subsets serve as indicators of a patient's immunological state and have been 

linked to negative outcomes in many diseases. However, the relationship between T-

lymphocyte subsets and primary infection as well as renal prognosis in patients with CKD, has 

not been thoroughly investigated [22]. In this study, there was a non-significant difference 
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between the general group for patients with CKD and the healthy control group (p-value 

>0.005) and that is in line with this study. 

 

     The result of this study demonstrated a highly significant increase in neutrophile count, 

recorded at 6.77 103/µL. Neutrophils, also known as NET, are phagocytes in an immature state 

that have a brief lifespan. These cells are known for their ability to secrete proteolytic enzymes 

and oxygen free radicals, which actively contribute to the harm caused during inflammatory 

processes [23]. They play a crucial role in inflammation and tissue damage, especially in cases 

of acute renal failure, by releasing a combination of cytotoxic substances such as reactive 

oxygen intermediates, enzymes, and microbicidal polypeptides. NET depletion prevents or 

reduces these effects. In this study, we examined the correlation between the number of 

neutrophil extracellular traps (NETs) and the level of kidney dysfunction in individuals 

diagnosed with CKD [24]. The results indicated a significant difference between the general 

group of patients with CKD and healthy control group (p-value ≤ 0.05). 

 

     The platelet count results indicated no significant difference between the patient group and 

the healthy control group, recorded at 264.9 103/µL. Platelets are the smallest blood cells 

resulting from bone marrow megakaryocyte cells in the bone marrow and play a crucial role in 

hemostasis and coagulation [25].  

Research has examined the role of platelet parameters in a variety of diseases, with information 

regarding these parameters also accessible for urinary tract infections [26]. Platelets may 

contribute to the inflammatory process by increasing the recruitment of leukocytes and the 

prevention of apoptosis in neutrophils and monocytes. Additionally, there was an increase in 

the production of inflammatory mediators, including cytokines and chemokines [27]. During 

the acute phase response, platelet count rises, continuing for the duration of the inflammatory 

process [28]. 

 

Biochemical analysis 

Renal function test (urea and creatinine) 

    The result of this study showed significant increases in urea and creatinine levels, recorded 

at 62.71 mg/dl and 1.38 mg/dl respectively as shown in Table 7. Various biochemicals are 

available in both blood and urine to evaluate renal function. Many of these biomarkers have 

advantages and disadvantages that are important to consider when requesting and employing 

them in a therapeutic context. An ideal marker should be capable of quickly detecting the onset 

of acute kidney injury and be applicable for both the initial diagnosis and continuous 

monitoring and treatment of kidney disease [29]. 

 

Table 7: biochemical parameter (Urea and Creatinine test) for Patients with CKD and control 

group 
Group 

 

Parameter 

Normal Range for 

Healthy Cases 

Healthy Control 

Group 
Patient Group Sig. p-Value 

Urea (mg/dl) 15-45 32.33±5.9 62.71±59.51 * 0.0267 

Creatinine (mg/dl) 0.55-1.25 0.90 1.38 ** 0.0019 

*: significant **: highly significant  

 

     The isolation of urea from human urine in 1797 marked the identification of the first 

biomarker associated with renal failure. For over a century, the term uremia, which denotes to 

the presence of urine in the blood, has been employed as a synonym for kidney failure [30]. 

Five factors influence serum urea levels: (I) hepatic urea generation rate; (II) protein intake; 

(III) urea tubular reabsorption intensity; (IV) some medications; and (V) the presence of 
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gastrointestinal hemorrhage. Urea is a straightforward test to administer, with a high sensitivity 

but low specificity for the diagnosis of kidney disease. It is not employed to quantify GFR [31]. 

Creatinine is the most frequently employed and extensively accessible biomarker of renal 

function. It is derived from creatine, a substance that serves as a rapid-acting energy reservoir 

in muscles. Creatine endures a spontaneous, irreversible conversion to its anhydride form, 

creatinine. Although creatinine is readily filtered and minimally reabsorbed, the proximal 

tubule also secretes 20–30% of it [32].  

Biological markers are essential for the accurate diagnosis, risk assessment, and 

implementation of therapy to enhance the clinical product. Serum analysis of renal function 

markers, including urea, creatinine, electrolytes, uric acid, and blood urea nitrogen, is now 

routinely employed instead of urine analysis, which was relatively uncomfortable for the 

patient. Creatinine, a byproduct of the breakdown of creatine phosphate in muscle, is 

eliminated by the kidneys and serves as a primary nitrogenous waste product resulting from 

protein and amino acid metabolism. Urea and creatinine are reliable indicators of normal 

kidney function, and an increase in serum creatinine levels is indicative of kidney dysfunction. 

Serum creatinine is the most widely accepted and commonly used parameter for measuring 

renal functions [33]. 

 

     In this study, a significant increase in urea levels was observed in both the CKD patient 

group and healthy control group (p-value 0.0267); (62.71±59.51) and (32.33±5.9) respectively. 

Conversely, there was a highly-significant difference in the creatinine level between CKD 

patient and healthy control group (p-value 0.0019); which is (1.38) and (0.90) respectively. 

Blood creatinine and urea are the primary parameters used to evaluate kidney function and are 

essential in assessing its severity [34]. Among minors, there was a discrepancy in creatinine 

levels between men and females, with males exhibiting lower creatinine values and females 

experiencing reduced muscle mass. Serum creatinine level serves as an indirect indicator of 

glomerular filtration, as the glomerulus filtered creatinine. In comparison to urea, serum 

creatinine has a superior prognostic capacity for predicting adverse outcomes, and this increase 

is indicative of the progression of kidney disease [35]. The management of CKD involves the 

use of serum creatinine. It was contingent upon the variables of race, age, and sex. Additionally, 

following kidney disease [33].  

 

     The gastrointestinal (GI) tract excretes the remaining portion of the urea, while the kidneys 

are responsible for eliminating approximately 85% of it. Serum urea levels increase in acute 

and chronic renal failure as renal clearance decreases. Enhancements observed in this study 

may also lead to an increase in urea in conditions that are not associated with renal diseases, 

such as upper gastrointestinal haemorrhage, catabolic states, high protein diets, and 

dehydration. Individuals who are experiencing severe liver disease, malnutrition, or a low-

protein diet may find that their urea levels are diminished. Measurement of renal function was 

more precise with serum creatinine than with urea. However, renal disease indicated an earlier 

elevation of urea, which is in accordance with the results of this investigation [36]. 

 

Lipid profile 

      This study included an analysis of serum lipid levels in two study groups (patients and 

control) by using a conventional method. The result of this study revealed that there was a 

significant difference between the two study groups according to TG, HDL and VLDL (p-value 

≤ 0.05) and there are non-significant differences in the level of TC and LDL (p-value ≥ 0.05) 

in the patient group comparison to healthy controls group. The mean triglyceride level for the 

patient group was (219.3±141.2) and for control group was (101.3±20.27) that indicated there 

was highly significant differentiation between two studied groups (p-value < 0.05) and the 

mean of VLDL for the patient's group was (42.77±26.33) and for control group was 
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(20.38±4.05) that indicated there was highly significant differentiation between two studied 

groups (p-value < 0.05). In addition, the mean of HDL for patients' group was (36.16±11.8) 

and for control group was (43.75±8.2) which indicated there was significant differentiation 

between two studied groups (p-value < 0.05). While the mean of total cholesterol for patients' 

group was (186.5±63.45) and for control group was (156.5±33.99) that indicated there was 

non-significant differentiation between two studied groups (p-value > 0.05). The mean of LDL 

for patients’ group was (96.37±37.44) and for control group was (96.50±32.39) which also 

indicated no significant differentiation between two studied groups (p-value > 0.05), as shown 

in Table 8. 

 

Table 8: biochemical parameter (lipid profile test) for Patients with CKD and control group 

Parameter 
Mean ± SD 

Sig. p-Value 
Control Patients 

Cholesterol (mg/dl) 156.5±33.99 186.5±63.45 NS 0.0858 

Triglycerides (mg/dl) 101.3±20.27 219.3±141.2 ** 0.0019 

HDL (mg/dl) 43.75±8.2 36.16±11.8 * 0.0267 

LDL (mg/dl) 96.50±32.39 96.37±37.44 NS 0.9905 

VLDL (mg/dl) 20.38±4.05 42.77±26.33 ** 0.0016 

NS: non-significant *: significant **: highly significant 

 

     Based on Roc analysis, the cut-off values, sensitivity, specificity, and area under the Roc 

curve (AUC), between the patient lipid profile that includes (TC, TG, HDL, LDL, VLDL) and 

healthy control, the AUC for (TG, HDL, VLDL) was (0.8313, 0.7135, 0.8417) respectively, 

the sensitivity was (80.0%, 77.0%, 80.0%) respectively and specificity (69.0%,44.0%,75.0%) 

respectively. The AUC values for TC, LDL were (0.6531 and, 0.5094) respectively, with 

sensitivity of 63.0%, and 50.0% and specificity (57.0%, 44.0%) as shown in Figure 1 if the 

AUC value > from (0.7), it was effective and considered as a novel diagnostic biomarker panel 

in the CKD. 

 

     The results of this study indicated that TG and VLDL test for lipid profile are considered 

the most effective marker and raised with CKD which was highly significant differences and 

had 89% for AUC value. 
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Figure 1: AUC of markers, (A) combination between TC and CKD, (B) combination between 

TG and CKD, (C) combination between HDL and CKD, (D) combination between LDL and 

CKD, (E) combination between VLDL and CKD, for patients and healthy control groups. 

 

     Among patients with CKD, cardiovascular diseases are the leading cause of mortality. 

Kidney and cardiovascular disease are interrelated and exacerbate each other's severity. For 

patients with CKD, dyslipidemia is a significant contributor to cardiovascular disease, in 

addition to hypertension and diabetes. CKD and dyslipidemia reinforce each other; the term 

"dyslipidemic profile" refers to the lipoprotein profile of patients identified as a risk factor for 

CKD [37]. The "dyslipidemic profile" is produced by an increase in triglycerides, very low-

density lipoprotein, and oxidized low-density lipoprotein, as well as a decrease in high-density 

lipoprotein and alterations in the composition of lipoproteins [38]. 

 

     In this large Chinese cohort, higher levels of blood triglycerides (TG), blood high-density 

lipoprotein (HDL), the total cholesterol to HDL ratio (TC: HDL), and the TG to HDL ratio 

were associated with an increased risk of CKD. Conversely, a lower risk of CKD was 

associated with a higher blood HDL level. In addition, prior epidemiologic investigations have 

identified positive correlations between the risk of CKD and blood TG, HDL, TC: HDL, and 

TG:HDL ratios [39-47]. Conversely, a reduced blood HDL level [39,40,45,46,48,49,50] was 

linked to an increased risk of CKD. Additionally, the majority of studies did not identify any 

statistically significant correlations between the risk of CKD and blood TC and LDL levels 

[39-41,45,46,49]. In both conventional and Mendelian randomization (MR) analyses, we were 

unable to identify any significant associations between blood TC or LDL-c levels and the risk 

of CKD. The MR analysis only suggested a potential causal relationship for blood TG levels, 

which was weaker than the observed relationship, despite the conventional analysis 

determining that both HDL and TG levels were associated with CKD risk [16]. 

Patients with CKD display a dyslipidemic phenotype [51]. This constellation includes varying 

amounts of low-density lipoprotein (LDL), reduced high-density lipoprotein (HDL), and 

increased levels of triglyceride (TG) and very low-density lipoprotein (VLDL). The 

atherogenicity of these substances is affected by their altered composition and their levels in 

D E 

A 
B 

C 
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individuals with CKD [52]. A study has shown that high-density lipoprotein cholesterol (HDL), 

low-density lipoprotein cholesterol (LDL), and total cholesterol (TC) are all independent 

predictors of cardiovascular disease [53]. Dyslipidemia and altered risk factors are among the 

multiple factors that impact the development of cardiovascular disease (CVD) in patients with 

CKD [54]. The dyslipidemic profile is characterized by elevated levels of triglycerides, very 

low-density lipoprotein, and oxidized low-density lipoprotein, as well as reduced levels of 

high-density lipoprotein. Additionally, there are alterations in the composition of lipoproteins 

[55]. 

 

     The influence of triglycerides on chronic renal disease is significant, as 

hypertriglyceridemia is the primary lipid abnormality observed in CKD patients. This condition 

arises from the impaired breakdown of triglycerides and increased levels of triglycerides within 

lipoproteins [6]. CKD has a good impact on HDL, which is a lipoprotein that has features that 

defend against inflammation, oxidation, and blood clotting. It is a constituent of the Reverse 

Cholesterol Transport mechanism, which includes the movement of cholesterol molecules 

from the peripheral tissues to the liver for elimination by the liver. In CKD, the structure of 

HDL can be changed, leading to the conversion of HDL into substances that might harm blood 

vessels and affect the beneficial functions of HDL [56]. 

 

     In regular clinical practice, LDL levels are the primary criterion evaluated; however, the 

distribution of LDL subfractions also plays a role in determining cardiovascular risk. Patients 

with CKD display exhibit a broad range of low-density lipoprotein (LDL) values. However, 

alterations in the structure and composition of LDL associated with CKD can worsen cardiac 

risk factors in this population [57]. 

The impact of CKD on the metabolism of very low-density lipoprotein (VLDL) and 

intermediate-density lipoprotein (IDL), VLDL was secreted by the liver and then undergoes 

conversion into IDL, LDL, and HDL. In patients with CKD, the levels of triglycerides, VLDL, 

and IDL are elevated due to a deficiency of lipoprotein lipase (LPL), the enzyme responsible 

for the hydrolysis of triglycerides into VLDL and chylomicrons. Consequently, patients with 

CKD experience delayed VLDL catabolism [58]. An increase in the levels of VLDL and HDL 

was associated with an increased risk of incident CKD patients and control cases in the study 

[59,7]. Hypertriglyceridemia was identified as the most common plasma condition in patients 

with CKD [60,7]. Cholesterol concentrations and HDL levels were reduced, and the total 

synthetic rate and catabolic fractional rate were both reduced in correlation with HDL levels. 

The cholesterol levels of CKD patients were not significantly altered in another study [61,7]. 

Lipid abnormalities may be observed in patients with CKD as an increase in LDL, TG, and 

very low-density lipoprotein (VLDL) and a decrease in HDL [62-65]. Proteinuria appears to 

be a substantial factor, despite the complexity of the mechanisms accountable for these 

metabolic abnormalities. Additionally, CKD may lead to increased hepatic VLDL secretion 

and an impaired clearance of VLDL and its remnants from serum. This results in 

hypertriglyceridemia and an increase in HDL catabolism [66]. 

 

 Gene expression of   miRNA-223 genes 

     The real-time PCR amplification program was conducted using melting curve analysis for 

all evaluated gene expressions, following the manufacture stimulation programs, using relative 

gene expression. 

Total RNA extracted from blood samples were converted to cDNA for gene expression level 

analysis using Real-time PCR (qPCR) for miRNA-223 gene. 

The gene expression was standardized to the level of the housekeeping gene (U6) and measured 

using the Ct value, as depicted in Figure 2. Each color in the curve displayed in these images 

refers to a certain Ct value. 
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Figure 2: (A) amplification plots for miRNA 223 and U6 obtained by RT-qPCR, (B) melting 

curve analysed for miRNA-223 and U6 expression. 

 

MiRNA-223 gene expression was quantified using reference gene U6 and compared between 

patient and healthy control groups in different stages (Ct, ∆Ct, ∆∆Ct, and fold change) using 

qRT-PCR, as shown in Table 9. 

 

Table 9: Comparison between the studied groups (patients and healthy control) in different 

stages of gene expression level Ct, ∆Ct, ∆∆Ct and fold. 

 

Parameters 

 

Mean Ct 

for 50 

patients 

Mean Ct 

for 50 

healthy 

control 

Ct U6 

patients 

Ct U6 

control 

∆Ct 

miRNA 

patient 

∆Ct 

miRNA 

control 

∆∆Ct Fold 

miRNA223 44.42 42.92 24.80 24.80 19.62 18.12 1.5 
0.322±

0.32 

 

     The Ct value is inversely related to gene expression, with a lower Ct value indicating a 

higher number of copies of the target gene. 

Specifically, a high Ct value indicated low gene expression and a low Ct value indicated high 

gene expression [66]. The results showed that Ct value for miRNA 223 were 44.42 for patients' 

group and 42.92 for the healthy control and Ct of U6 was 24.80 for patient group and healthy 

control. 

(A) 

(B) 
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     The ∆Ct value was calculated as the difference between the Ct value of miRNA 223 gene 

in patient and control with the Ct of U6 gene. The analysis revealed that the expression level 

of miRNA 223 was 19.62 in the patient group and 18.12 in the control group, dependent on 2-

∆∆Ct and livak equation the result of folding showed to indicated there was downregulation in 

miRNA 223 gene (0.322±0.32) that occurred in a patient with CKD. Furthermore, there was a 

highly significant difference p- p-value ≤ 0.0011 between patients with CKD and healthy 

control groups in the levels of miRNA 223 as shown in Table 10. 

 

Table 10: The correlation between patients with CKD and healthy control groups in the levels 

of miRNA-223 depending on 2-∆∆Ct method. 

Parameter 
Mean ± SD 

Sig. p-Value 
Control Patients 

miRNA-223 1.0 0.322±0.32 ** 0.0011 

 

     A variety of microRNAs (miRNAs) have been linked to the progression and mortality of 

CKD (CKD) [67]. Recently, miRNAs have gained interest as possible biomarkers for 

evaluating the severity and/or cause of renal disease [68]. miRNAs are a suitable biomarker 

that can be detected without the need for intrusive procedures. Their steric stability is a key 

advantage of using them as biomarkers [69]. Therefore, these short RNAs may exhibit a degree 

of reliability that may be beneficial in future therapeutic applications [70]. The discovery of 

miRNAs marks a significant advancement in gene expression regulation, as these molecules 

are adept at controlling gene expression post-transcription. miRNAs are short, single-stranded 

RNAs that form base pairs with specific areas of target mRNAs, usually inside the 3′ 

untranslated region. It is now understood that miRNAs play a role in the pathophysiology of 

the kidney. The roles of miRNAs in the molecular mechanisms of kidney disease, as well as in 

individuals with acute renal injury and chronic kidney illness [71].  

However, miRNAs can serve as novel biomarkers in the field of nephrology. Prior to 

incorporating them into the daily clinical routine, it will be important to standardize measuring 

procedures and choose the most appropriate tissues and biofluids. Additionally, it is important 

to assess their expression in extensive groups of individuals. Besides their potential as 

biomarkers, the modulation of miRNAs expression offers a new therapeutic strategy for 

treating renal problems [72]. MiRNAs are important in human disease pathophysiology, 

therefore their diagnostic and therapeutic potential has received interest. MiRNA modification 

affects several signalling pathway components. Antisense methods, antagomirs, and Decoy or 

sponge technologies can inhibit miRNA activity [8]. Silencing miRNAs related to albuminuria, 

extracellular matrix buildup, EMT, and podocyte dysfunction, or restoring miRNA activity in 

renal disorders with downregulated miRNAs, may be a therapeutic option [73].  

 

     It has been suggested that the expression of these disorders could be reduced by adjusting 

the activity of dysregulated miRNAs in living organisms [74]. MiRNAs play a crucial role in 

governing the gene response to various pathophysiological stimuli and have the potential to be 

therapeutically impactful [75]. To achieve an effective therapeutic response in CKD, it is 

necessary to deliver miRNA precursors (to increase expression) and miRNA inhibitors (to 

decrease expression) at a precise time and in a specific tissue [76]. Quantitative PCR is a 

commonly employed technology in clinical laboratories for accurately measuring miRNA 

levels in blood samples, and it can be easily applied in other settings. Given the relatively low 

quantities of miRNA in the bloodstream, it is crucial to select a suitable reference gene for 

quantitative PCR. Some research teams have utilized small endogenous RNAs, such as U6, to 

control the quantities of miRNAs in circulation. The results, however, are considered 
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untrustworthy because to the significant heterogeneity in the expression of these RNAs in 

connection to disease situations [77]. 

MiRNA-223 exhibits strong expression in freshly isolated endothelial cells, but its levels 

decrease fast during cell cultures [78,79]. These observations imply that miRNA-223 is not 

produced within endothelial cells, but rather acquired from other cell types such as 

macrophages and monocytes [80,81]. Furthermore, the authors stated that miRNA-223 is 

present in endothelial cells that have been recently obtained from the brain microvasculature 

[71, 82]. The expression of the inflammatory miRNA-223 significantly increases in both the 

intima and media as CKD progresses, leading to the development of chronic low-grade 

inflammation and atherosclerosis [83]. 

MiRNA-223 was found to be downregulated in this study, as illustrated in Figure 3. In serum 

samples from the general population with CKD, this miRNA was consistently downregulated 

[67, 84-86], and that is consistent with the findings of this investigation. 

 

 
 

Figure 3: fold of change (2-∆∆ct) miRNA223 expression of the two study groups. 

 

Furthermore, the presence of prevalent CKD was associated with lower levels of this specific 

miRNA [67]. Additionally, it has a role in regulating the growth and division of vascular 

smooth muscle cells (VSMCs) [87]. While miRNA 223 is commonly associated with 

inflammatory pathways, some data suggest that it may also exert a beneficial influence on 

vascular smooth muscle cells (VSMCs) by modulating the interleukin-6 (IL-6)/signal 

transducer and activator of transcription 3 (STAT3) pathway, which prevents calcification. The 

findings suggest that increased levels of miRNA-223 could enhance kidney function and 

potentially serve as a treatment approach to enhance outcomes for CKD (CKD) in the general 

population [88]. The renal biopsies of patients undergoing increasing chronic renal failure 

demonstrated elevated levels of miRNA-223 compared to those with stable CKD. It is 

suggested that miRNA-223 may have a role in the advancement of renal failure [89,3]. 

The relationships observed between the miRNA levels and other symptoms of severe kidney 

failure, such as hyperparathyroidism and hyperphosphatemia, were influenced by the 

impairment in glomerular filtration in the univariate analyses. A strong correlation was found 

between the levels of sex, leukocyte count, platelet count, blood haemoglobin, cholesterol, and 

the level of miRNA-223. Previous research has demonstrated a link between blood cell counts 

and miRNA-223, a molecule that is highly abundant in granulocytes, platelets, and red blood 

cells. Furthermore, miRNA-223 has been discovered to play a role in the process of 
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haematopoiesis [90-95]. Prior investigations linked miRNA-223 to cholesterol control. 

Additionally, miRNA-223 has been shown to play a role in hematopoiesis. However, miRNA-

223 is often associated with inflammation [96,67]. Disease-related comorbidities like CKD-

MBD may include these miRNAs in key pathways. They could serve as biomarkers and targets 

for CKD diagnostic and therapeutic studies [97]. CKD-MBD is a systemic condition of mineral 

and bone metabolism that arises from chronic renal failure, characterized by abnormalities in 

the metabolism of calcium, phosphorus, parathyroid hormone (PTH), and vitamin D. It also 

involves irregularities in bone turnover, bone mineralization, bone volume, and calcification 

outside of the skeletal system, which is relevant to the cardiovascular system [98].  

 

Conclusions 

      This study examined the relationship between the gene expression of miRNA-223 and the 

prevalence of CKD (CKD) as a potential biomarker in a cohort of Iraqi patients. The findings 

indicate that the altered expression of miRNA-223, along with changes in specific serum lipid 

parameters and clinical biomarkers, may serve as valuable diagnostic and prognostic indicators 

for CKD. Further investigation is needed to validate the utility of these biomarkers and explore 

their potential applications in CKD risk assessment and management. 

 

Conflict of interest 

     There are no Conflicts of interest. 

 
References 

[1] A. S. Albayati and S. A. Al Jowari, "Study the Association of Uromodulin Gene rs13332878 with 

Chronic Kidney Disease," Iraqi Journal of Science, vol. 64 no. 3,  pp. 1071-1078, 2023.  

[2] A. Francis, M. N. Harhay, A. Ong, S. L. Tummalapalli, A. Ortiz and A. B. Fogo, "Chronic kidney 

disease and the global public health agenda: an international consensus," Nature Reviews 

Nephrology, vol.  20, no. 7, pp. 473-485, 2024. 

[3] B. Franczyk, A. Gluba-Brzózka, R. Olszewski, M. Parolczyk, M. Rysz-Górzyńska, and J. Rysz, 

"miRNA biomarkers in renal disease," International Urology and Nephrology, vol. 54, no. 3, pp. 

575-588, 2022. 

[4] Y. Zhang, J. Bi, J. Huang, Y. Tang, S. Du, and P. Li, "Exosome: a review of its classification, 

isolation techniques, storage, diagnostic and targeted therapy applications," International journal 

of nanomedicine, vol. 15, pp. 6917-6934, 2020. 

[5] N. G. Vallianou, S. Mitesh, A. Gkogkou, and E. Geladari, "Chronic kidney disease and 

cardiovascular disease: is there any relationship?," Current cardiology reviews, vol. 15, no. 1, pp. 

55-63, 2019. 

[6] C. M. Barbagallo, A. B. Cefalù, A. Giammanco, D. Noto, R. Caldarella and M. Ciaccio, 

"Lipoprotein abnormalities in chronic kidney disease and renal transplantation," Life, vol. 11, no. 

4, p. 315, 2021. 

[7] M. Rizwan, M. Taha Lodhi, A. Maqsood, and T. Mukhtar Sayed, "A Study of Lipid Profile in 

Chronic Kidney Disease Patients," Pakistan Journal of Medical and Health Sciences, vol. 15, no. 

9, pp. 3087-90, 2021.  

[8] V. Metzinger-Le Meuth, O. Fourdinier, N. Charnaux, Z. A. Massy, and L. Metzinger, "The 

expanding roles of microRNAs in kidney pathophysiology," Nephrology Dialysis Transplantation, 

vol. 34, no. 1, pp. 7-15, 2019. 

[9] X. Pang, X. He, Z. Qiu, H. Zhang, R. Xie, Z. Liu, Y. Gu, N. Zhao, Q. Xiang and Y. Cui, "Targeting 

integrin pathways: mechanisms and advances in therapy," Signal Transduction and Targeted 

Therapy, vol. 8, no. 1, p. 1, 2023. 

[10] W. El Bakly, M. Medhat, M. Shafei, R. Tash, M. Elrefai, Y. Shoukry and N.N. Omar Heliyon, 

"Optimized platelet rich plasma releasate (O-rPRP) repairs galactosemia-induced ovarian follicular 

loss in rats by activating mTOR signaling and inhibiting apoptosis," Heliyon, vol. 6, no. 9, 2020. 

[11] Q.-M. Zhang, W.-W. Ni, Y. Li, X. Zhang, J.-C. Hou, X. Meng, A. L. Li and Z. M. Giang, "Analysis 

of altered miRNA profiling in the colon of a mouse model with β-lactoglobulin allergy," 

Allergologia et Immunopathologia, vol. 48, no. 6, pp. 666-674, 2020. 

https://scholar.google.com/citations?user=aSwAshgAAAAJ&hl=en&oi=sra


Shukur and Hussein                           Iraqi Journal of Science, 2025, Vol. 66, No. 10, pp: 4271 – 4291                                                                                                                                                                    

 

4287 

[12] C. S. Kim, K.-D. Han, H. S. Choi, E. H. Bae, S. K. Ma, and S. W. Kim, "Association of body mass 

index and waist circumference with all-cause mortality in hemodialysis patients," Journal of 

clinical medicine, vol. 9, no. 5, p. 1289, 2020. 

[13] C. S. Kim, K.-D. Han, H. S. Choi, E. H. Bae, S. K. Ma, and S. W. Kim, "Association of body mass 

index and waist circumference with all-cause mortality in hemodialysis patients," Journal of 

clinical medicine, vol. 9, no. 5, p. 1289, 2020. 

[14] J. E. Scherberich, R. Fünfstück, and K. G. Naber, "Urinary tract infections in patients with renal 

insufficiency and dialysis–epidemiology, pathogenesis, clinical symptoms, diagnosis and 

treatment," GMS Infectious Diseases, vol. 9, 2021. 

[15] M. A. Hertz, I. S. Johansen, F. S. Rosenvinge, C. L. Brasen, E. S. Andersen, C. Østergaard, T. A. 

Skovsted, E. R. Petersen, S. L. Nielsen, C. B. Mogensen and H. Skjøt-Arkil, "Urine Flow 

Cytometry and Dipstick Analysis in Diagnosing Bacteriuria and Urinary Tract Infections among 

Adults in the Emergency Department—A Diagnostic Accuracy Trial," Diagnostics, vol. 14, no. 4, 

p. 412, 2024. 

[16] Y. Zhou, Z. Zhou, L. Zheng, Z. Gong, Y. Li, Y. Jin, Y. Huang and M. Chi, "Urinary tract infections 

caused by uropathogenic Escherichia coli: mechanisms of infection and treatment options," 

International journal of molecular sciences, vol. 24, no. 13, p. 10537, 2023. 

[17] M. Syed-Ahmed and M. Narayanan, "Immune dysfunction and risk of infection in chronic kidney 

disease," Advances in chronic kidney disease, vol. 26, no. 1, pp. 8-15, 2019. 

[18] F. Ladomenou, M. Bitsori, and E. Galanakis, "Incidence and morbidity of urinary tract infection 

in a prospective cohort of children," Acta Paediatrica, vol. 104, no. 7, pp. e324-e329, 2015. 

[19] J. Yao, X. Huang, M. Wei, W. Han, X. Xu, R. Wang, J. Chen, and L. Sun, "High‐efficiency 

classification of white blood cells based on object detection," Journal of Healthcare Engineering, 

vol. 2021, no. 1, p. 1615192, 2021. 

[20] M. Rudrapal and R. Pignatello, Drug Metabolism and Pharmacokinetics. BoD–Books on Demand, 

2024. 

[21] M. D. Sejópoles, J. P. Souza-Silva, C. Silva-Santos, M. M. Paula-Duarte, C. J. Fontes, and L. T. 

Gomes, "Prognostic value of neutrophil and lymphocyte counts and neutrophil/lymphocyte ratio 

for predicting death in patients hospitalized for COVID-19," Heliyon, vol. 9, no. 6, 2023. 

[22] J. Xiong, Y. Qiao, Z. Yu, Y. Huang, K. Yang, T. He and J. Zhao, "T-lymphocyte subsets alteration, 

infection and renal outcome in advanced chronic kidney disease," Frontiers in Medicine, vol. 8, p. 

742419, 2021. 

[23] F. Xiang, R. Chen, X. Cao, B. Shen, X. Chen, X. Ding and J. Zou, "Premature aging of circulating 

T cells predicts all-cause mortality in hemodialysis patients," BMC nephrology, vol. 21, pp. 1-10, 

2020. 

[24] F. Valga, T. Monzón, F. Henriquez, and G. Antón-Pérez, "Neutrophil-to-lymphocyte and platelet-

to-lymphocyte ratios as biological markers of interest in kidney disease," Nefrología (English 

Edition), vol. 39, no. 3, pp. 243-249, 2019. 

[25] A. Akya, Z. Rostami-Far, R. Chegene Lorestani, S. Khazaei, A. Elahi, M. Rostamian and  K. 

Ghadiri, "Platelet indices as useful indicators of urinary tract infection," Iranian Journal of 

Pediatric Hematology and Oncology, vol. 9, no. 3, pp. 159-165, 2019. 

[26] M. H. Periayah, A. S. Halim and A. Z. M. Saad, "Mechanism Action of Platelets and Crucial Blood 

Coagulation Pathways in Hemostasis," International journal of hematology-oncology and stem 

cell research, vol. 11, no. 4, pp. 319–327, 2017.   

[27] M. Walle, F. Asrie, Y. Gelaw, and Z. Getaneh, "The role of platelet parameters for the diagnosis 

of preeclampsia among pregnant women attending at the University of Gondar Comprehensive 

Specialized Hospital antenatal care unit, Gondar, Ethiopia," Journal of Clinical Laboratory 

Analysis, vol. 36, no. 4, p. e24305, 2022. 

[28] Y. Chen, H. Zhong, Y. Zhao, X. Luo, and W. Gao, "Role of platelet biomarkers in inflammatory 

response," Biomarker research, vol. 8, pp. 1-7, 2020. 

[29] H. Sherkatolabbasieh, M. Firouzi, and S. Shafizadeh, "Evaluation of platelet count, erythrocyte 

sedimentation rate and C-reactive protein levels in paediatric patients with inflammatory and 

infectious disease," New Microbes and New Infections, vol. 37, p. 100725, 2020. 

[30] O. Treacy, N. N. Brown, and G. Dimeski, "Biochemical evaluation of kidney disease," 

Translational andrology and urology, vol. 8, no. Suppl 2, p. S214, 2019. 

https://scholar.google.com/citations?user=RH6GAFIAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=lCby5bcAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=WsSYjEYAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=WsSYjEYAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=TOGPewIAAAAJ&hl=en&oi=sra


Shukur and Hussein                           Iraqi Journal of Science, 2025, Vol. 66, No. 10, pp: 4271 – 4291                                                                                                                                                                    

 

4288 

[31] M. S. Younes-Ibrahim, "Biomarkers and kidney diseases: a brief narrative review," Journal of 

Laboratory and Precision Medicine, Vol. 7, 2022. 

[32] A. Cupisti, P. Bolasco, C. D’Alessandro, D. Giannese, A. Sabatino, and E. Fiaccadori, "Protection 

of residual renal function and nutritional treatment: first step strategy for reduction of uremic toxins 

in end-stage kidney disease patients," Toxins, vol. 13, no. 4, p. 289, 2021. 

[33] B. Williams, C. L. Cliff, K. Lee, P. Squires, and C. Hills, "The role of the NLRP3 inflammasome 

in mediating glomerular and tubular injury in diabetic nephropathy," Frontiers in physiology, vol. 

13, p. 907504, 2022. 

[34] V. Gounden, H. Bhatt, and I. Jialal, "Renal function tests," vol. 6, no. S8, pp. 2283–2293, 2018. 

[35] M Seki, M Nakayama, T Sakoh, R Yoshitomi, A Fukui, E Katafuchi, S Tsuda, T Nakano, K. 

Tsuruya and T. Kitazono, "Blood urea nitrogen is independently associated with renal outcomes 

in Japanese patients with stage 3–5 chronic kidney disease: a prospective observational study," 

BMC nephrology, vol. 20, pp. 1-10, 2019. 

[36] J. Yim, N.-H. Son, T. Kyong, Y. Park, and J.-H. Kim, "Muscle mass has a greater impact on serum 

creatinine levels in older males than in females," Heliyon, vol. 9, no. 11, 2023. 

[37] H. Z. Ali and H. S. Al-Warid, "Changes in serum levels of lipid profile parameters and proteins in 

Toxoplasma gondii seropositive patients," Iraqi Journal of Science, vol. 37 no. 3, pp. 801-810, 

2021. 

[38] C. Zoccali, F. Mallamaci, M. Adamczak, R. B. de Oliveira, Z. A. Massy, P. Sarafidis. R. Agarwa, 

P. B. Mark, P. Kotanko, C. J. Ferro and C. Wanner, "Cardiovascular complications in chronic 

kidney disease: a review from the European Renal and Cardiovascular Medicine Working Group 

of the European Renal Association," Cardiovascular research, vol. 119, no. 11, pp. 2017-2032, 

2023. 

[39] R. P. Obermayr, C. Temml, M. Knechtelsdorfer, G. Gutjahr, J. Kletzmayr, S. Heiss, A. Ponholzer, 

S. Madersbacher, R. Oberbauer and R. Klauser-Braun, "Predictors of new-onset decline in kidney 

function in a general middle-european population," Nephrology Dialysis Transplantation, vol. 23, 

no. 4, pp. 1265-1273, 2008. 

[40] J. C. Bae, J. M. Han, S. Kwon, J. H. Jee, T. Y. Yu, M. K. Lee and J. H. Kim, "LDL-C/apoB and 

HDL-C/apoA-1 ratios predict incident chronic kidney disease in a large apparently healthy cohort," 

Atherosclerosis, vol. 251, pp. 170-176, 2016. 

[41] P. Zuo, X. Chen, Y. Liu, R. Zhang, X. He, and C. Liu, "Non-HDL-cholesterol to HDL-cholesterol 

ratio as an independent risk factor for the development of chronic kidney disease," Nutrition, 

Metabolism and Cardiovascular Diseases, vol. 25, no. 6, pp. 582-587, 2015. 

[42] V. L. Mendy, M. J. Azevedo, D. F. Sarpong, S. E. Rosas, O. T. Ekundayo, J. H. Sung, A. R. 

Bhuiyan and B.C. Jenkins, "The association between individual and combined components of 

metabolic syndrome and chronic kidney disease among African Americans: the Jackson Heart 

Study," PloS one, vol. 9, no. 7, p. e101610, 2014. 

[43] M. Shimizu, N. Furusyo, F. Mitsumoto, K. Takayama, K. Ura, S. Hiramine, H. Ikezaki, T. Ihara, 

H. Mukae, E. Ogawa and K. Toyoda, "Subclinical carotid atherosclerosis and triglycerides predict 

the incidence of chronic kidney disease in the Japanese general population: results from the Kyushu 

and Okinawa Population Study (KOPS)," Atherosclerosis, vol. 238, no. 2, pp. 207-212, 2015. 

[44] J. Syrjänen, J. Mustonen, and A. Pasternack, "Hypertriglyceridaemia and hyperuricaemia are risk 

factors for progression of IgA nephropathy," Nephrology Dialysis Transplantation, vol. 15, no. 1, 

pp. 34-42, 2000. 

[45] E. S. Schaeffner, T. Kurth, G. C. Curhan, R. J. Glynn, K. M. Rexrode, C. Baigent, J. E. Buring and 

J. M. Gaziano,"Cholesterol and the risk of renal dysfunction in apparently healthy men," Journal 

of the American Society of Nephrology, vol. 14, no. 8, pp. 2084-2091, 2003. 

[46] B. Bowe, Y. Xie, H. Xian, S. Balasubramanian, and Z. Al-Aly, "Low levels of high-density 

lipoprotein cholesterol increase the risk of incident kidney disease and its progression," Kidney 

international, vol. 89, no. 4, pp. 886-896, 2016. 

[47] K. Tsuruya, H. Yoshida, M. Nagata, T. Kitazono, K. Iseki, C. Iseki, S. Fujimoto, T. Konta, T. 

Moriyama, K. Yamagata and I. Narita, "Impact of the triglycerides to high-density lipoprotein 

cholesterol ratio on the incidence and progression of CKD: a longitudinal study in a large Japanese 

population," American Journal of Kidney Diseases, vol. 66, no. 6, pp. 972-983, 2015. 

https://jih.uobaghdad.edu.iq/index.php/j/issue/view/95


Shukur and Hussein                           Iraqi Journal of Science, 2025, Vol. 66, No. 10, pp: 4271 – 4291                                                                                                                                                                    

 

4289 

[48] C. S. Fox, M. G. Larson, E. P. Leip, B. Culleton, P. W. Wilson, and D. Levy, "Predictors of new-

onset kidney disease in a community-based population," Jama, vol. 291, no. 7, pp. 844-850, 2004. 

[49] G. Zoppini, G. Targher, M. Chonchol, F. Perrone, G. Lippi, and M. Muggeo, "Higher HDL 

cholesterol levels are associated with a lower incidence of chronic kidney disease in patients with 

type 2 diabetes," Nutrition, Metabolism and Cardiovascular Diseases, vol. 19, no. 8, pp. 580-586, 

2009. 

[50] M. Ratti, A. Lampis, M. Ghidini, M. Salati, M. B. Mirchev, N. Valeri and J. C. Hahne, 

"MicroRNAs (miRNAs) and long non-coding RNAs (lncRNAs) as new tools for cancer therapy: 

first steps from bench to bedside," Targeted oncology, vol. 15, pp. 261-278, 2020. 

[51] P. Shrestha, "PCSK9 and syndecan-1 in renal disease-related dyslipidemia," University of 

Groningen, p. 252, 2022. 

[52] J. Boren, M. J. Chapman, R. M. Krauss, C. J. Packard, J. F. Bentzon, C. J. Binder, M. J. Daemen, 

L.L. Demer, R. A. Hegele, S. J. Nicholls and B. G. Nordestgaard, "Low-density lipoproteins cause 

atherosclerotic cardiovascular disease: pathophysiological, genetic, and therapeutic insights: a 

consensus statement from the European Atherosclerosis Society Consensus Panel," European 

heart journal, vol. 41, no. 24, pp. 2313-2330, 2020. 

[53] M. Hedayatnia, Z. Asadi, R. Zare-Feyzabadi, M. Yaghooti-Khorasani, H. Ghazizadeh, R. 

Ghaffarian-Zirak, A. Nosrati-Tirkani, M. Mohammadi-Bajgiran, M. Rohban, F. Sadabadi and H. 

R. Rahimi, "Dyslipidemia and cardiovascular disease risk among the MASHAD study population," 

Lipids in health and disease, vol. 19, pp. 1-11, 2020. 

[54] P. Düsing, A. Zietzer, P. R. Goody, M. R. Hosen, C. Kurts, G. Nickenig and F. Jansen, "Vascular 

pathologies in chronic kidney disease: pathophysiological mechanisms and novel therapeutic 

approaches," Journal of molecular medicine, vol. 99, no. 3, pp. 335-348, 2021. 

[55] N. Dincer, T. Dagel, B. Afsar, A. Covic, A. Ortiz, and M. Kanbay, "The effect of chronic kidney 

disease on lipid metabolism," International Urology and Nephrology, vol. 51, pp. 265-277, 2019. 

[56] A. Strazzella, A. Ossoli, and L. Calabresi, "High-density lipoproteins and the kidney," Cells, vol. 

10, no. 4, p. 764, 2021. 

[57] J.-K. Huang and H.-C. Lee, "Emerging evidence of pathological roles of very-low-density 

lipoprotein (VLDL)," International journal of molecular sciences, vol. 23, no. 8, p. 4300, 2022. 

[58] J. Heeren and L. Scheja, "Metabolic-associated fatty liver disease and lipoprotein metabolism," 

Molecular metabolism, vol. 50, p. 101238, 2021. 

[59] Y. Huang, J. A. DiDonato, B. S. Levison, D. Schmitt, L. Li, Y. Wu, J. Buffa, T. Kim, G. S. 

Gerstenecker, X. Gu and C. S. Kadiyala, "An abundant dysfunctional apolipoprotein A1 in human 

atheroma," Nature medicine, vol. 20, no. 2, pp. 193-203, 2014. 

[60] B. Shao, C. Tang, J. W. Heinecke, and J. F. Oram, "Oxidation of apolipoprotein AI by 

myeloperoxidase impairs the initial interactions with ABCA1 required for signaling and 

cholesterol export 1," Journal of lipid research, vol. 51, no. 7, pp. 1849-1858, 2010. 

[61] [61] N. D. Vaziri, "HDL abnormalities in nephrotic syndrome and chronic kidney disease," 

Nature Reviews Nephrology, vol. 12, no. 1, pp. 37-47, 2016. 

[62] C. Guijarro and W. F. Keane, "Lipid abnormalities and changes in plasma proteins in glomerular 

diseases and chronic renal failure," Current Opinion in Nephrology and Hypertension, vol. 2, no. 

3, pp. 372-379, 1993. 

[63] A. Gluba, J. Rysz, and M. Banach, "Statins in patients with chronic kidney disease: why, who and 

when?," Expert opinion on pharmacotherapy, vol. 11, no. 16, pp. 2665-2674, 2010. 

[64] D. Wochos, C. Anderson, and J. Mitchell 3rd, "Serum lipids in chronic renal failure," in Mayo 

Clinic Proceedings, vol. 51, no. 10, pp. 660-664, 1976.  

[65] X. Huang, Y. Jia, X. Zhu, Y. Zhang, L. Jiang, X. Wei, D. Zhao, X. Zhao and Y. Du, "Effects of 

Statins on Lipid Profile of Kidney Transplant Recipients: A Meta‐Analysis of Randomized 

Controlled Trials," BioMed Research International, vol. 2020, no. 1, p. 9094543, 2020. 

[66] A. Gluba-Brzozka, B. Franczyk, and J. Rysz, "Cholesterol disturbances and the role of proper 

nutrition in CKD patients," Nutrients, vol. 11, no. 11, p. 2820, 2019. 

[67] B. Mishra, J. Ranjan, P. Purushotham, S. Saha, P. Payal, P. Kar, S. Das and V. Deshmukh, "High 

proportion of low cycle threshold value as an early indicator of COVID‐19 surge," Journal of 

Medical Virology, vol. 94, no. 1, pp. 240-245, 2022. 

https://scholar.google.com/citations?user=pNFamv4AAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=gEdybWIAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=RpemebIAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=K_nSZGkAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=V03ah4MAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=p7PM-HAAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=xi8MqQEAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=t932LGYAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=y5r7LDcAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=1YoxGRUAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=1a7StBIAAAAJ&hl=en&oi=sra


Shukur and Hussein                           Iraqi Journal of Science, 2025, Vol. 66, No. 10, pp: 4271 – 4291                                                                                                                                                                    

 

4290 

[68] O. Fourdinier, E. Schepers, V. Metzinger-Le Meuth, G. Glorieux, S. Liabeuf and F. Verbeke, 

"Serum levels of miR-126 and miR-223 and outcomes in chronic kidney disease patients," 

Scientific reports, vol. 9, no. 1, p. 4477, 2019. 

[69] C. E. Condrat, D. C. Thompson, M. G. Barbu, O. L. Bugnar, A. Boboc, D. Cretoiu, N. Suciu, S. 

M. Cretoiu and S. C. Voinea, "miRNAs as biomarkers in disease: latest findings regarding their 

role in diagnosis and prognosis," Cells, vol. 9, no. 2, p. 276, 2020. 

[70] S. Benesova, M. Kubista, and L. Valihrach, "Small RNA-sequencing: approaches and 

considerations for miRNA analysis," Diagnostics, vol. 11, no. 6, p. 964, 2021. 

[71] L. A. Bravo-Vázquez, S. Paul, M. G. Colín-Jurado, L. D. Márquez-Gallardo, L. G. Castañón-

Cortés, A. Banerjee, S. Pathak and A. K. Duttaroy, "Exploring the therapeutic significance of 

microRNAs and lncRNAs in kidney diseases," Genes, vol. 15, no. 1, p. 123, 2024. 

[72] C. Diener, A. Keller, and E. Meese, "Emerging concepts of miRNA therapeutics: from cells to 

clinic," Trends in Genetics, vol. 38, no. 6, pp. 613-626, 2022. 

[73] Y. Dhas, N. Arshad, N. Biswas, L. D. Jones, and S. Ashili, "MicroRNA-21 Silencing in Diabetic 

Nephropathy: Insights on Therapeutic Strategies," Biomedicines, vol. 11, no. 9, p. 2583, 2023. 

[74] G. Xie, H. Chen, C. He, S. Hu, X. Xiao, and Q. Luo, "The dysregulation of miRNAs in epilepsy 

and their regulatory role in inflammation and apoptosis," Functional & Integrative Genomics, vol. 

23, no. 3, p. 287, 2023. 

[75] N. Shaheen, A. Shaheen, R. A. Diab, and M. T. Desouki, "MicroRNAs (miRNAs) role in 

hypertension: pathogenesis and promising therapeutics," Annals of Medicine and Surgery, vol. 86, 

no. 1, pp. 319-328, 2024. 

[76] A. A. Seyhan, "Trials and tribulations of MicroRNA therapeutics," International Journal of 

Molecular Sciences, vol. 25, no. 3, p. 1469, 2024. 

[77] L. J. Peters, J. Floege, E. A. Biessen, J. Jankowski, and E. P. van der Vorst, "MicroRNAs in chronic 

kidney disease: four candidates for clinical application," International journal of molecular 

sciences, vol. 21, no. 18, p. 6547, 2020. 

[78] L. Shi, B. Fisslthaler, N. Zippel, T. Frömel, J. Hu, A. Elgheznawy, H. Heide, R. Popp and I. 

Fleming, "MicroRNA-223 antagonizes angiogenesis by targeting β1 integrin and preventing 

growth factor signaling in endothelial cells," Circulation research, vol. 113, no. 12, pp. 1320-1330, 

2013. 

[79] P. Jiao, X. P. Wang, Z. M. Luoreng, J. Yang, L. Jia, Y. Ma and D. W. Wei, "miR-223: an effective 

regulator of immune cell differentiation and inflammation," International Journal of Biological 

Sciences, vol. 17, no. 9, p. 2308, 2021. 

[80] F. Tabet, K. C. Vickers, L. F. Cuesta Torres, C. B. Wiese, B. M. Shoucri, G. Lambert, C. 

Catherinet, L. Prado-Lourenco, M. G. Levin, S. Thacker and P. Sethupathy, "HDL-transferred 

microRNA-223 regulates ICAM-1 expression in endothelial cells," Nature communications, vol. 

5, no. 1, p. 3292, 2014. 

[81] M. Shi, Q. Lu, Y. Zhao, Z. Ding, S. Yu, J. Li, M. Ji, H. Fan and S. Hou, "miR-223: a key regulator 

of pulmonary inflammation," Frontiers in Medicine, vol. 10, p. 1187557, 2023. 

[82] A. Graham, "Modulation of the cellular microrna landscape: contribution to the protective effects 

of high-density lipoproteins (HDL)," Biology, vol. 12, no. 9, p. 1232, 2023. 

[83] E. M'Baya-Moutoula, A. Marchand, I. Six, N. Bahrar, T. Celic, N. Mougenot, P. Maitrias, Z. A. 

Massy, A. M. Lompré, L. Metzinger and V.  Metzinger-Le Meuth,"Inhibition of miR-223 

expression using a sponge strategy decreases restenosis in rat injured carotids," Current vascular 

pharmacology, vol. 18, no. 5, pp. 507-516, 2020. 

[84] A. Carmona, F. Guerrero, M. J. Jimenez, F. Ariza, M. L. Agüera, T. Obrero, V. Noci, J. R. Muñoz-

Castañeda, M. Rodríguez, S. Soriano and J. A. Moreno, "Inflammation, senescence and 

MicroRNAs in chronic kidney disease," Frontiers in cell and developmental biology, vol. 8, p. 

739, 2020. 

[85] R. Fujii, H. Yamada, M. Yamazaki, E. Munetsuna, Y. Ando, K. Ohashi, H. Ishikawa, H. Shimoda, 

K. Sakata, A. Ogawa and S.  Kobayashi, "Circulating microRNAs (miR-126, miR-197, and miR-

223) are associated with chronic kidney disease among elderly survivors of the Great East Japan 

Earthquake," BMC nephrology, vol. 20, pp. 1-7, 2019. 

https://scholar.google.com/citations?user=apbH3xUAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=apbH3xUAAAAJ&hl=en&oi=sra


Shukur and Hussein                           Iraqi Journal of Science, 2025, Vol. 66, No. 10, pp: 4271 – 4291                                                                                                                                                                    

 

4291 

[86] M. Ulbing, A. Kirsch, B. Leber, S. Lemesch, J. Münzker, N. Schweighofer, D. Hofer, O. Trummer, 

A. R. Rosenkranz, H.  Müller and K.  Eller, "MicroRNAs 223-3p and 93-5p in patients with chronic 

kidney disease before and after renal transplantation," Bone, vol. 95, pp. 115-123, 2017. 

[87] V. Metzinger-Le Meuth, S. Burtey, P. Maitrias, Z. A. Massy, and L. Metzinger, "microRNAs in 

the pathophysiology of CKD-MBD: Biomarkers and innovative drugs," Biochimica et Biophysica 

Acta (BBA)-Molecular Basis of Disease, vol. 1863, no. 1, pp. 337-345, 2017. 

[88] D. D. Motshwari, D. M. Matshazi, R. T. Erasmus, A. P. Kengne, T. E. Matsha, and C. George, 

"MicroRNAs associated with chronic kidney disease in the general population and high-risk 

subgroups—a systematic review," International Journal of Molecular Sciences, vol. 24, no. 2, p. 

1792, 2023. 

[89] D. Anglicheau, V. K. Sharma, R. Ding, A. Hummel, C. Snopkowski, D. Dadhania, S. V. Seshan 

and M. Suthanthiran, "MicroRNA expression profiles predictive of human renal allograft status," 

Proceedings of the National Academy of Sciences, vol. 106, no. 13, pp. 5330-5335, 2009. 

[90] C.-Z. Chen, L. Li, H. F. Lodish, and D. P. Bartel, "MicroRNAs modulate hematopoietic lineage 

differentiation," science, vol. 303, no. 5654, pp. 83-86, 2004. 

[91] F. Fazi, A. Rosa, A. Fatica, V. Gelmetti, M. L. De Marchis, C. Nervi and I. Bozzoni, "A 

minicircuitry comprised of microRNA-223 and transcription factors NFI-A and C/EBPα regulates 

human granulopoiesis," Cell, vol. 123, no. 5, pp. 819-831, 2005. 

[92] R. M. O'Connell, J. L. Zhao, and D. S. Rao, "MicroRNA function in myeloid biology," Blood, The 

Journal of the American Society of Hematology, vol. 118, no. 11, pp. 2960-2969, 2011. 

[93] J. Y. Yuan, F. Wang, J. Yu, G. H. Yang, X. L. Liu, and J. W. Zhang, "MicroRNA‐223 reversibly 

regulates erythroid and megakaryocytic differentiation of K562 cells," Journal of cellular and 

molecular medicine, vol. 13, no. 11‐12, pp. 4551-4559, 2009. 

[94] E. M'Baya-Moutoula, L. Louvet, R. Molinié, I. C. Guerrera, C. Cerutti, O. Fourdinier, V. Nourry, 

L. Gutierrez, P. Morlière, F. Mesnard and Z. A. Massy, "A multi-omics analysis of the regulatory 

changes induced by miR-223 in a monocyte/macrophage cell line," Biochimica Et Biophysica Acta 

(BBA)-Molecular Basis of Disease, vol. 1864, no. 8, pp. 2664-2678, 2018. 

[95] K. C. Vickers, S. R. Landstreet, M. G. Levin, B. M. Shoucri, C. L. Toth, R. C. Taylor, B. T. 

Palmisano, F. Tabet, H. L. Cui, K. A. Rye and P. Sethupathy, "MicroRNA-223 coordinates 

cholesterol homeostasis," Proceedings of the National Academy of Sciences, vol. 111, no. 40, pp. 

14518-14523, 2014. 

[96] F. Taïbi, V. Metzinger-Le Meuth, Z. A. Massy, and L. Metzinger, "miR-223: an inflammatory 

oncomiR enters the cardiovascular field," Biochimica et Biophysica Acta (BBA)-Molecular Basis 

of Disease, vol. 1842, no. 7, pp. 1001-1009, 2014. 

[97] C. Zou, "Advances in the study of miRNAs in chronic kidney disease with cardiovascular 

complications," Frontiers in Physiology, vol. 14, p. 1283597, 2023. 

[98] L. Hu, A. Napoletano, M. Provenzano, C. Garofalo, C. Bini, G. Comai and G. La Manna, "Mineral 

bone disorders in kidney disease patients: the ever-current topic," International Journal of 

Molecular Sciences, vol. 23, no. 20, p. 12223, 2022. 

 

 

https://scholar.google.com/citations?user=jG9J7qsAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=33JjKpEAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=ar66CAMAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=AkqYi3QAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=zOoT_LwAAAAJ&hl=en&oi=sra

