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Summary 

PKD is a disorder characterized by the development of numerous bilateral kidney 

cysts. Cyst growth plays an important role in autosomal dominant polycystic 

kidney disease progression, and the degree of compression that enlarging cysts 

exert on the neighboring renal tubules may upregulate kidney injury molecule 1 

(KIM-1) expression. Urinary KIM-1 may therefore signal a higher risk of kidney 

disease progression in ADPKD. chitinase 3-like protein 1 (CHI3L1) is highly 

expressed in healthy kidney tissue and is freely filtered by the glomerulus. CHI3L1 

is also secreted by activated macrophages in the kidney upon stress or damage. 

Neutrophil gelatinase-associated lipocalin (NGAL) from tubular epithelial cells 

occurs following damage. The level of NGAL expression correlates with the 

degree of kidney injury and may help to discriminate patients who are at higher 

risk of faster decline in kidney function. New prognosis markers need to be 

developed, either alone or in combination with conventional markers, which can 

predict the rate of disease progression in ADPKD, therefore, the main aim was to 

determine whether serum tubular & proximal damage and inflammation markers 

have  association with progression of polycystic kidney patients or not. 

 A cross-sectional study included eighty-five participants aged between 7 and 84 

years. All patients were diagnosis with   ADPKD progression was expressed as 

changes in their GFR or total kidney volume (htTKV). The study was conducted at 

the Al-Hassan Al-Mujtaba teaching hospital & Al-Saegh Center for Nephrology 

and Transplantation  outpatient clinics in Karbala city from September / 2023 to 

August / 2024.  At baseline, inflammatory (Neutrophil gelatinase-associated 

lipocalin (NGAL)), and tubular damage markers (Kidney Injury Molecule-1 (KIM-

1), and Chitinase Levels) were measured in serum using enzyme-linked 

immunosorbent assay (ELISA), while the serum lipid profile was analyzed using 



 

II  

an Abbott Laboratories device. Mean differences analyses were performed to 

assess the biomarkers with ADPKD and progression. The efficiency of the 

predicting value was assessed using the receiver operating characteristic (ROC) 

curve. The mean KIM-1 level progressively increases across GFR stages, with the 

highest level observed in G4 (4.3 ± 1.5) and the lowest in G1 (1.7 ± 0.5). This 

suggests a potential association between higher KIM-1 levels and more severe 

kidney dysfunction (lower GFR). Similar to   KIM-1, NGAL shown that the 

highest level was in G4 (5.2 ± 2.6), but there is a substantial drop to G3b (1.8 ± 

0.6). For CHI3L1, results were shown that the levels appear to be relatively 

increased across all GFR stages (around 1.7 - 4.7). Both KIM-1 and NGAL have 

good AUC values, indicating reasonable overall performance in discriminating 

between patients with stage 4 CKD among ADPKD. NGAL has a slightly higher 

AUC (80.5%) compared to KIM-1 (79.1%). NGAL has a higher sensitivity 

(71.4%) than KIM-1 (57.1%). This means NGAL is more likely to correctly 

identify patients with stage 4 CKD in ADPKD. While KIM-1 has a much higher 

specificity (99%) compared to NGAL (91%). Specificity indicates the likelihood of 

correctly identifying patients without stage 4 CKD in ADPKD. Both KIM-1 and 

NGAL could be valuable tools for monitoring kidney function in ADPKD 

patients, particularly as GFR declines. By tracking changes in KIM-1 and NGAL 

levels, healthcare professionals might gain insights into the progression of kidney 

damage in ADPKD. While CHI3L1 might have some utility, a weaker association 

with GFR in ADPKD suggests it might be less suitable for monitoring kidney 

function in this specific context. 
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1. Introduction 

1.1 Polycystic kidney disease. 

Polycystic kidney disease (PKD) is a condition where numerous fluid-filled 

sacs (cysts) develop in the kidneys. The most common form, called 

autosomal dominant polycystic kidney disease (ADPKD), is inherited. These 

cysts grow gradually over time. As they enlarge, they damage healthy 

kidney tissue. This progressive decline in kidney function can eventually 

lead to permanent kidney failure (Schirrer, 2021).  

1.2 Types of Polycystic Kidney Disease 

There are two main types of pol PKD distinguished by how they are 

inherited from parents: Autosomal dominant PKD (ADPKD) and Autosomal 

recessive PKD (ARPKD) (Horie, 2016), both linked to problems with tiny 

structures in cells called cilia. The ADPKD type is the more common. It 

often shows up in adults, even though people are born with the faulty gene. 

ARPKD is a less frequent but more serious type. 

Both types involve the development and uncontrolled growth of fluid-filled 

cysts in the kidneys. This progressive cyst growth damages the kidneys and 

reduces their function over time. While the main problem is in the kidneys, 

these can be severe "multisystem" disorders, meaning they can affect other 

organs as well. (Vasileva, 2021) The main difference between ARPKD and 

ADPKD is that ARPKD is a recessive condition. It needs two copies of the 

faulty gene (one from each parent) to develop the disease. while ADPKD is 

a dominant condition. only need one copy of the faulty gene (from one 

parent) to develop the disease. Even though both diseases involve cyst 

formation in kidneys and livers due to abnormal genes, the way they're 
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inherited and the timing/location of cyst development differ significantly. 

(Besse, 2020).The ADPKD and ARPKD, are the top genetic culprits for 

adult and childhood kidney problems, respectively. Mutations in two genes, 

PKD1 and PKD2, are responsible for ADPKD. These genes create proteins 

called polycystin-1 (PC1) and polycystin-2 (PC2) that work together in 

structures on cells called primary cilia. Most ARPKD cases stem from 

mutations in the polycystic kidney and hepatic disease 1 (PKHD1) gene, 

which codes for the protein Fibrocystin/Polyductin (FPC). This protein plays 

a crucial role in kidney function. In a smaller number of ARPKD cases, 

mutations in the DAZ interacting zinc finger protein 1 like (DZIP1L) gene 

are the cause. (Ma, 2021)  

1.3 Epidemiology 

ADPKD is one of the most frequent genetic kidney diseases. It affects an 

estimated 1 in every 1,000 to 2,500 people. (Cornec-Le Gall, 2019). It's 

important to note that the prevalence of ARPKD is actually much lower than 

1:20,000 in Europe. (Bergmann, 2018) The most common monogenic cause 

of end stage kidney disease (ESKD) is ADPKD (Lanktree, 2021) about 4%–

10% of ESKD worldwide. (avu, 2020) and about 50% of the cases going 

hidden (undiagnosed) through the population.  
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1.4 Autosomal dominant polycystic kidney disease 

The ADPKD is a genetic disorder passed down through families, and is a 

major reason for  ESKD in the United States. It can cause high blood 

pressure (hypertension), progressive chronic kidney disease (CKD), and 

scarring (fibrosis) in the kidneys (Colbert, 2020). Even though ADPKD 

primarily targets the kidneys, it's a systemic disease because the proteins 

involved (polycystins) are present in many tissues throughout the body 

(Reiterová, 2022).  

Cystogenesis begins in specific locations within the kidney tubules, often 

even before birth (in utero) (Cornec-Le Gall ،2019). In severe cases, 

ADPKD can eventually lead to ESKD, where the kidneys can no longer 

function on their own. Up to 70% of people with ADPKD will reach this 

stage by age 70 (Neumann, 2013), About 10% of patients in dialysis and 

transplantation programs are ADPKD patients. (Spithoven, 2014) 

1.5 Pathophysiology of autosomal dominant polycystic kidney disease 

Cysts gradually grow due to abnormal cell proliferation, fluid secretion and 

production of extracellular matrix. Glomerular filtration rate remains normal 

for years because of maladaptive glomerular filtration in the remaining 

nephrons. Some patients suffer from chronic pain because of cyst 

enlargement, acute pain can be caused by cyst infection or colic pain by 

nephrolithiasis. Arterial hypertension is present in 75% of patients with 

normal renal function from an early age. Cyst expansion is associated with 

intrarenal ischemia leading to the activation of renin-angiotensin-aldosterone 

system. On the other hand, angiotensin contributes to cyst expansion, 

increases oxidative stress, tubulointerstitial fibrosis, endothelin and 
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sympathetic activity. Increased left ventricle mass was reported even in 

young normotensive ADPKD patients which is associated with higher 

cardiovascular mortality. ADPKD is a systemic disease because polycystins 

are expressed in many tissues. The systemic and multi-organ nature of 

ADPKD manifests by the occurrence of cysts in extra-renal organs such as 

the liver, pancreas and spleen, as well as by other affected organs such as 

cardiovascular abnormalities and brain vessel aneurysms. Polycystic liver 

disease is the most common extra-renal comorbidity accompanying 

ADPKD. Cyst volume of liver is frequently higher in females after multiple 

pregnancies and/or use of hormonal replacement therapy. The abnormality 

of connective tissues can be associated with hernias, diverticulosis and heart 

valve abnormalities in ADPKD patients. (Reiterová, 2022)  

1.6 Autosomal dominant polycystic kidney disease proteins: structure 

and functions 

The PKD1 and PKD2 genes, while crucial for preventing cysts in ADPKD, 

also play a broader role in cellular functions. Structures of polycystin-1 and 

polycystin-2 was presented in Figure (1.1), are involved in regulating 

important processes within cells, Such as Fluid movement (transport) across 

cell membranes, Cell development (differentiation), Cell growth 

(proliferation), Cell death (apoptosis), Cell attachment (adhesion). 

(Reiterová, 2022). The PKD1 gene creates a large protein called PC1 that 

sits on the outer surface of the cell membrane (plasma membrane). The PC1 

has a long, extended part that reaches outside the cell (extracellular domain). 

Scientists believe PC1 might act like a special type of receptor that interacts 

with molecules outside the cell and triggers responses inside (atypical G 

protein-coupled receptor). PKD2 gene produces PC2, a protein that acts as a 
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channel for ions (charged particles) to flow across cell membranes. The PC2 

belongs to a larger family of ion channels called Transient Receptor 

Potential (TRPP) channels. (Hardy, 2020).The PC1 is like a potential 

docking station for a molecule, It has three key structural regions, the N-

terminal domain, the 11 transmembrane domains and the C-terminal domain.  

(Wilson, 2004),The PC2,is also known as TRPP2, shares similarities with 

other proteins in the Transient Receptor Potential (TRP) channel family. 

Both PC2 and TRP channels are constructed with six transmembrane 

segments, which act like anchors that hold them within the cell membrane. 

A special loop domain separates the first two transmembrane segments. This 

loop is crucial for forming a passage (pore) that allows ions to flow through 

the channel. Both PC2 and TRP channels have N-terminal and C-terminal 

domains at their ends, located inside and outside the cell respectively. These 

terminal domains can interact with other molecules and play a role in 

channel function. (Hofherr, 2011)  
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Figure (1.1) Structures of polycystin-1 and polycystin-2. (Gallagher, 

2010) 

WSC: water soluble consentrate, LDL-A: low density lipoprotein-A, PKD: polycystic 

kidney disease, REJ: receptor for egg jelly, GPS: G protein-coupled receptor proteolytic 

site ,EF: a motif that consists of an α‐helix “E,” a loop that may bind calcium, and a 

second α‐helix “F”, ER: endoplasmic reticulum. 

The membrane bilayer is shown by the thick green line. The boxed figure 

caption lists the protein motifs. The cylinders that are light blue and green 

are thought to be transmembrane segments. The size of structures is not 

depicted. (Gallagher, 2010) 
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 Cyst development occurs only in 1-4 percent of tubes due to deficiencies in 

the proteins polycystin-1 and polycystin-2. Unfortunately, the condition 

often advances to ESKD. This is mostly due to the mechanism of 

compression/obstruction of the interstitial tissue and surrounding tubular 

structures, which results in ischemia, inflammation, and progressive fibrosis. 

(Halvorson, 2010). A clear link between disruption of polycystin function 

and hypertension is suggested by the expression of PC1 and PC2 in vascular 

smooth muscle and endothelium, as well as heightened vascular smooth 

muscle contractility and reduced endothelium-dependent vasorelaxation in 

ADPKD. (Johnson, 2014) Although expressed in the proximal tubules, PC1 

and PC2 are more noticeable in the collecting ducts and distal tubule. (Ong, 

1999) .Transmembrane proteins called polycystins combine to produce a 

nonselective, Ca2+ permeable cation channel that may play a role in 

epithelial differentiation of ductal structures and the preservation of 

intracellular Ca2+ homeostasis.  (Blazer-Yost, 2020)  

1.7 Mechanism of cyst formation: 

Cysts are thought to be clonal (formed from a single cell), originating from 

cells with heterozygous germline mutations that are inherited and in which 

(1) a somatic mutation renders the remaining normal allele inactive (two-hit 

model), (Pei, 2001) or (2) an as-yet-unidentified non-genetic factor that 

lowers the PKD protein's function or quantity below a threshold that is 

crucial (threshold model) (Rossetti, 2009)  According to a "threshold 

mechanism" that has been hypothesized, the cystogenic process of clonal 

growth is initiated when PC levels within a particular tubular epithelial cell 

drop below a crucial level (10 to 30 percent). (Lanktree, 2021) 
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Disease pathobiology has been informed by genetic studies from patients 

and animal models, which strongly support a "threshold model" in which 

somatic mosaicism, germline and somatic PKD1 and/or PKD2 mutations, 

gene mutations in the endoplasmic reticulum protein biosynthetic pathway, 

or reduced functional polycystin dosage below a critical threshold within 

individual tubular epithelial cells are the trigger for cyst formation. 

(Lanktree, 2021) The majority of cases are caused by mutations in either of 

the two genes, PKD1 or PKD2, which code for proteins thought to be part of 

a receptor/channel complex. According to studies, cyst initiation is caused 

by a loss of complex function below an unknown threshold. This leads to the 

deregulation of several metabolic processes and downstream pathways, 

which in turn causes the cyst to expand. (Jiahe, 2023) A mutant cell will 

finally begin to proliferate when PC1/PC2 function in an epithelial cell along 

the nephron falls below threshold. Rather of congealing into a solid ball of 

cells, this clonal growth will begin as an out pouch from the tubule 

surrounded by a single layer of mutant cells, which will eventually split off 

to create a cyst (Jiahe, 2023), the routes that contribute to the development 

of PKD was presented in Figure (1.2) & the development of cyst formation 

was presented in Figure (1.3) 
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Figure (1.2). Broad routes that contribute to the development of PKD. 

(Vasileva, 2021). A number of interrelated signalling pathways work abnormally 

when PKD1/PKD2 mutations occur, and this can cause aberrant proliferation, fibrosis, 

and inflammation that accompany cystogenesis (Vasileva, 2021). Camp: cyclic adenosine 

monophosphate, PC1: polycystin-1, PC2:polycystin-2, mTORC1: mammalian target of 

rapamycin complex 1, WNT: Wingless-related integration site.  
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Figure (1.3) Diagrammatic representation of the beginning and 

development of cyst formation. (Grantham, 2015) Pathogenesis of cyst 

formation and growth. In a single tubule cell bearing a germ-line mutation of PKD1 or 

PKD2, a second “hit”, shown here as a somatic mutation, renders the cell PKD1 or PKD2 

recessive. In the presence of progression factors, including vasopressin, cell proliferation 

is stimulated, and the increased mural area forms an ecstatic bulge into the interstitium. 

With further enlargement, the cyst separates from the parent tubule to create an isolated 

sac and a blocked tubule. Salt is pumped into the cyst via a chloride-dependent secretion 

mechanism stimulated by vasopressin, and water follows osmotically. The original tubule 

undergoes atrophy and apoptosis. PKD1, PKD2 Polycystic kidney disease type 1, type 2 

genes. (Grantham, 2015) 

 Saccular diverticula from the tubule wall, which grow and break continuity 

with the tubule lumen, are the precursors of cysts. Epithelial proliferation 

and trans-epithelial solute and water secretion drive the formation of cysts. 

Renal epithelial cells proliferate excessively, resulting in cysts that 

eventually replace the majority of normal tissue. An increase in the overall 

size of the kidney is typically seen along with cyst expansion, and this 
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characteristic helps distinguish ADPKD from ordinary kidney cysts. 

(Turner, 2015). 

It is believed that abnormal tubule epithelial cell growth results in the 

expansion of the tubule wall, creating a mural pocket. The fluid that fills the 

tiny cyst as it becomes larger comes from unreabsorbed glomerular filtrate; 

nevertheless, most cysts separate from the parent tubule at a diameter of 

about 2 mm and form isolated fluid sacs that are bordered by a layer of 

epithelial cells. (Grantham, 1987) Uncontrolled cell proliferation and fluid 

production into the cyst lumen cause cystic bodies to expand unabated. 

(Grantham, 2003) , secondary due to the second-hit somatic mutation. 

(Szánthó, 2020) Cyclic adenosine monophosphate (cAMP) mediated 

activities that cause aberrant cell proliferation and cyst-filling fluid secretion 

are both started by activating the cystic fibrosis transmembrane conductance 

regulator (CFTR) chloride channel and increasing the Ras/mitogen-activated 

protein kinase (MAPK) pathway (Calvet, 2008),  and transmembrane protein 

16 (TMEM16) A (anoctamin 1), which causes the production of trans 

epithelial chloride (Benedetto, 2019). Significant changes in intracellular 

metabolism, some of which include mitochondria, an essential organ for 

storing Ca2+ and a crucial player in cellular Ca2+ signalling, are responsible 

for stimulating cystic development. By modifying mitochondrial shape, 

suppressing miR-17, controlling calcium signalling, lowering cAMP levels, 

and preserving the copy number of mitochondrial DNA (mtDNA). 

Polycystin proteins have the ability to both directly and indirectly control 

mitochondrial function (Magayr, 2020) .As these cysts enlarge, they 

compress the renal parenchyma, resulting in tubulointerstitial injury. In 50% 

of patients, this causes ischemic impairment and eventually progressive 
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renal failure (Norman ،2011).  According to recent research, deficiencies in 

the processes that concentrate urine and the neurohypophysis's resultant 

dysregulation of vasopressin excretion are the hallmarks of PKD. 

Preclinical research revealed the function of arginine vasopressin-mediated 

cAMP as a driver of fluid release into the cysts in ADPKD (Torres, 2012) . 

The fluid build-up inside hundreds or thousands of cysts, which significantly 

increases the overall kidney volume. Cysts fill with glomerular filtrate-

derived fluid in the early stages, although most cysts bigger than 2 mm in 

diameter are unrelated to the nephron segment from which they originated 

(Grantham, 1987). A number of transcription factors and signalling 

pathways regulate how cystogenesis develops and progresses (Harris, 2014) 

.When it comes to PKD, one of the most researched mechanisms is calcium 

signalling. The Endoplasmic Reticulum (ER) is a major site of expression 

for PC2, a calcium permeable non-selective cation channel that interacts 

with other calcium channel proteins (Köttgen, 2008). By binding to the 

inositol 1,4,5-trisphosphate receptor (IP3R), it controls the activity of 

ryanodine receptors as well as Ca2+ homeostasis (Anyatonwu, 2007).The  

PC1 increases ER calcium absorption, which, in contrast to PC2, speeds up 

the decay of the intracellular calcium response to ATP. All of these points to 

polycystins playing a significant role in intracellular calcium homeostasis 

(Gallagher, 2010) .The abnormal interaction between intracellular calcium 

and cAMP signalling is shown in cystic epithelial cells, where increased 

cAMP levels cause cyst fluid production and increase protein kinase A 

activity (Sussman, 2014) .It is not yet fully known how decreased polycystin 

signalling in tubular epithelial cells' primary cilia causes cystic illness 

(Harris, 2014). 
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1.8 Diagnosis and screening of autosomal dominant polycystic kidney 

disease 

The diagnosis of ADPKD is dependent on the stage of the disease. When the 

disease is fully established, the diagnosis is clinically based on patient’s 

history and physical examination. (Pei, 2006) 

Physical examination commonly reveals large, irregular kidneys and 

possibly hepatomegaly. However, definitive diagnosis can be difficult due to 

other disorders having overlapping symptoms. Therefore, complementary 

approaches such as diagnostic imaging or genetic tests are necessary to 

confirm the diagnosis. Imaging techniques, including ultrasound, computed 

axial tomography, or nuclear magnetic resonance, allow for the detection of 

cysts in the kidney, liver, or pancreas. (Mosetti, 2003) The magnetic 

resonance technique has proven to be more sensitive than ultrasound, 

allowing measurements of height-adjusted total kidney volume (htTKV) and 

better definition of the cysts without the use of contrast agents. However, 

these imaging tests are expensive (Irazabal, 2015). and are often not 

performed on a subset of the ADPKD population including those who are 

young individuals at risk or patients with atypical or de novo renal cystic 

disease (Pei, 2006). Definitive diagnosis is established by ultrasound 

examination (Feather, 2020). Ultrasonography criteria for diagnosing 

ADPKD are based on the number of visible cysts, the patient's age, and a 

family history of ADPKD. (Alguire, 2006)  
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Table (1.1) Ultrasound-based criterion for the diagnosis or exclusion of 

ADPKD (Mei, 2020) 

Age,years 15-39 40-59 >60 

Diagnostic 

confirmation 

At least 3 cysts 

(unilateral or 

bilateral) 

At least 2 cysts in 

each kidney 

At least 4 cysts in 

each kidney 

Disease exclusion No recommendation <2 cysts in each 

kidney 

<2 cysts in each 

kidney 

 

Although inexpensive and low-risk, ultrasonography has limitations, with 

ultrasound-criteria only described for those with a family history of 

ADPKD, thus excluding the 10–15% with de novo disease and those 

unaware of their family history. (Iliuta, 2017). Abdominal-MRI can be used, 

but is less readily available and more expensive (Mallawaarachchi, 2021). 

Patients with ADPKD can present with hypertension, hematuria, proteinuria, 

or kidney function impairment. Flank pain, due to kidney hemorrhage, 

obstructive calculi, or urinary tract infection, is the most common symptom 

reported by patients. (Torres, 2020) 

Genetic testing is not consistently used in the management of individuals 

with ADPKD, although it can provide invaluable information regarding 

disease progression and prognosis. (Noce, 2022) 
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1.9 Treatment of autosomal dominant polycystic kidney disease 

In ADPKD, the loss of renal function may remain undetected until the fourth 

decade of life, when renal cystic development is advanced and most 

nephrons have been destroyed. (Chapman, 2015) Thus, it is important to find 

variables to identify patients who are at higher risk of disease progression, 

especially since there is evidence that treatment with tolvaptan—a 

vasopressin V2-receptor antagonist—may slow the deterioration of renal 

function. (Torres, 2016) Experimental therapies targeting increased cAMP, 

activation of the mammalian target of rapamycin complex 1 (mTORC1), and 

reduced 5ʹ-AMP–activated protein kinase signaling have been shown to 

slow cystic disease progression. (Harris, 2014) Studies of animal models 

implicate the antidiuretic hormone arginine vasopressin and its second 

messenger adenosine-3′,5′-cyclic monophosphate (cAMP) as promoters of 

kidney-cyst cell proliferation and luminal fluid secretion. The suppression of 

vasopressin release by means of high water intake, genetic elimination of 

vasopressin, and vasopressin V2-receptor blockade all reduce the cyst burden 

and protect kidney function. Such preclinical studies justify studying the 

effects of tolvaptan, in human ADPKD. Vasopressin V2 receptor signaling 

has also been shown to be a potent inducer of cAMP, and in 2015, 

Tolvaptan, was approved to slow the progression of cyst development and 

eGFR decline in patients with ADPKD (Torres, 2012) but due to a relatively 

unfavorable side effect/benefit ratio it has been suggested to limit therapy 

with tolvaptan to patients at risk of rapidly progressing ADPKD. (E., 2016) 

Healthy lifestyle and diet, maintenance of optimal weight, regular 

cardiovascular exercise and avoidance of smoking are generally 

recommended in ADPKD. High water intake is used as a prevention of 
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nephrolithiasis but also leads to the suppression of vasopressin which could 

lead to an increase of fluid secretion into cysts. However, the results of trials 

with increased water intake were not conclusive. Salt intake should not 

exceed 5 g per day as all patients with other renal diseases. (Reiterová, 2022)  

          1.10 Progression Biomarkers of ADPKD 

An increasing number of studies have recently discovered new serum and 

urine biomarkers of the disease's progression, which are less expensive and 

easier to dose from the early stages of the disease, in addition to the 

conventional factors (PKD1 mutation, hypertension, proteinuria, and total 

kidney volume) (Pana, 2023) .There are now a number of factors that may 

be used to predict how quickly ADPKD will advance. In the early stages of 

this illness, when cysts are gradually forming and GFR can stay within the 

normal range, GFR indexed for age is a powerful predictor but less sensitive 

(Grantham, 2006).  

Therefore, total kidney volume (TKV) has received a lot of attention as a 

predictor of early-stage illness (Irazabal, 2015) .However, TKV and 

genotype evaluation is time-consuming and costly, and there is no evidence 

linking these factors to the rate at which a patient's condition progresses. 

Consequently, it is necessary to create new indicators that can forecast the 

rate at which ADPKD illness progresses, either by itself or in conjunction 

with traditional risk markers (Messchendorp, 2019). 

 The concentration of molecules in urine that express more when there is an 

ischemic state or tubular injury may serve as a predictor of the decline in 

renal function that is specifically linked to ADPKD and its mechanism of 

impaired renal function. These include tubular injury-related molecules 
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including β2-microglobulin, liver fatty acid-binding protein (L-FABP), 

neutrophil gelatinase-associated lipocalin (NGAL), and kidney injury 

molecule-1 (KIM-1) and many others which were mentioned in Figure (1.4) 

(Nauta, 2013).  

 

Figure (1.4) biomarkers in various nephron segments. (Canki, 2024) The 

biomarker level in relation to the opposite condition (i.e., healthy versus sick) is shown 

by the arrows. A decline is indicated by ↓, and an increase is shown by ↑. indicates that in 

that state there is no detection of the biomarker. (Canki, 2024). NGAL: neutrophil 

gelatinase associated lipocalin, KIM-1: kidney injury molecule 1, IL-18: interleukin-18, 

NAG: N-acetylglucosaminidase, YKL-40: derived from the three N-terminal amino acids 

- tyrosine (Y), lysine (K), and leucine (L),also known as chitinase-3-like protein 1, 

PODXL1: Podocalyxin-like protein 1, uUMOD urinary uromodulin, DKK3: Dickkopf 3, 

CKD273: a panel of 273 urinary peptides, L-FABP: Liver fatty acid-binding protein. 
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1.10.1 Proximal tubular damage marker 

kidney injury molecule 1: 

Kidney injury molecule-1) KIM- 1 (  is a 104-kDa transmembrane 

glycoprotein that is also referred to as HAVcr-1 and TIM-1, as shown in 

Figure (1.5). These proteins are members of the T-cell immunoglobulin and 

mucin domain family (TIM). immunological cells display TIM 

glycoproteins, which are involved in controlling immunological responses. 

Kidney injury molecule -1 is distinct from other members of its family in 

that epithelial cells as well as immunocompetent cells express it. Kidney 

injury molecule -1-mediated cellular and humoral effects are implicated in 

several physiological and pathological processes. The processes governing 

KIM-1's involvement in viral invasion, immune response control, adaptive 

responses of the kidney epithelium to acute ischemia or toxic insult, 

progression of chronic renal disorders. (Karmakova, 2021) 
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Figure (1.5) structure of KIM-1 (Karmakova, 2021) TIM-1: T cell 

immunoglobulin mucin 1, KIM-1: Kidney Injury Molecule-1/T 

A transmembrane glycoprotein produced by proximal tubular cells, KIM-1 

is known to be an early, sensitive, and particular urine biomarker for kidney 

damage. Recently linked to the severity of acute and chronic kidney injury 

(Brilland, 2023). 

In the first human investigation, biopsies taken from the proximal tubules of 

individuals who had acute tubular necrosis showed high urine KIM-1 (u-

KIM-1) levels and widespread expression of this protein (Han, 2002). 

Conversely, lower levels have been linked to the type 1 diabetes 

microalbuminuria regression (Vaidya, 2011) .ADPKD is influenced by cyst 

compression of renal tubules, which can also cause KIM-1 to be expressed. 

It is unclear if u-KIM-1 indexed for creatinine (uKIM-1/Cr) is a predictive 

indicator of ADPKD disease progression (Griffin, 2020) . 
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The development of ADPKD is significantly influenced by cyst formation, 

and the degree of compression that growing cysts place on surrounding renal 

tubules may increase the expression of KIM-1. Therefore, in ADPKD,  

While KIM-1 is not expressed in healthy kidneys, it is expressed in many 

different kidney disorders in humans, primarily in the proximal tubular cells' 

apical membrane (Van Timmeren, 2007). New research indicates that KIM-

1 could also be helpful in forecasting the course of CKD (Schulz, 2020).   

In a healthy kidney, KIM-1 levels are undetectable, but when ischemia or 

renal tubular cell disruption occur, they sharply rise (Vaidya, 2006) 

,particularly when there has been drug-induced harm (Griffin, 2019) . 

Kidney injury molecule -1 has been demonstrated to be able to predict the 

onset of CKD in addition to its function in the diagnosis of AKI  (Schulz, 

2020). The loss of kidney function in ADPKD is believed to be primarily 

caused by cystic compression of tubular cells. thus, it follows that it is 

conceivable that KIM-1 expression would be similarly elevated in PKD and 

that KIM-1 may, likehieght adgusted TKV (HtTKV), be used to forecast the 

course of the illness (Grantham, 2011). 

Patients with ADPKD showed higher uKIM-1/Cr levels; however, there was 

no correlation between the values and cyst development or size. Elevated 

uKIM-1/Cr indicates the disruption of tubular cells and might indicate many 

cysts. It is not related to the initial HtTKV  (Griffin, 2020). It is yet unknown 

how KIM-1 contributes to cellular damage or the development of illness 

(Gauer, 2016).  

 



Chapter One                                                                          Introduction and Literature Review 

21 
 

1.10.2  Distal tubular damage markers 

Chitinase-3-like protein 1: 

Chitinase-3 like-protein-1 (CHI3L1) is a 40  kDa non-enzymatic member of 

the glycoside hydrolase family, structure was presented in Figure (1.6). It is 

controlled by cytokines, growth factors, medications, extracellular matrix 

alterations, and stress. It binds to chitin, heparin, and hyaluronic acid. Many 

different types of cells, such as neutrophils, chondrocytes, smooth muscle 

cells, fibroblast-like cells, tumor cells, and synoviocytes, produce and 

release CHI3L1. It is important for remodelling reactions, inflammation, 

tissue healing, and tissue damage (hao T, 2020). 

The secondary structural components of each of the four chains in CHI3L1 

are shown by colour. Chain C has been tinted in grey to emphasize the 

dispersion of the mutations that have been found within a single chain. We 

distinguish between mutations that are heterozygous (orange) and 

homozygous (pink) (Backes, 2015). 
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Figure (1.6) Human and mouse CHI3L1 crystal structures (a, b).         

(Li, 2023). The groove (c) displays an overlay of these two proteins together with their 

chitotetraose binding. CHI3L1: chitinase-3-like protein 1. 

Chitinase-3-like protein 1 (YKL-40) is a new biomarker for endothelial 

dysfunction and inflammation (Tatar1ABE, 2013). A potential urinary 

biomarker for AKI has recently been found to be urine chitinase 3-like 

protein 1 (uCHI3L1) (Hoste, 2020).Urine chitinase 3-like protein 1, as 

opposed to urine neutrophil gelatinase-associated lipocalin (uNGAL), is a 

potential AKI biomarker in intensive care unit patients, as demonstrated 

recently in a single-centre prospective cohort research (De Loor, 2016). 
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1.10.3 Marker of Progression of kidney inflammation: 

Neutrophil gelatinase-associated lipocalin (NGAL): 

Neutrophil gelatinase-associated lipocalin (NGAL), also known as 

siderocalin, lipocalin-2 (LCN2), or lipocalin, is a 21–25 kDa iron-carrying 

protein that is widely expressed in the loop of Henle tubular epithelium and 

collecting ducts, structure of Neutrophil gelatinase was presented in Figure 

(1.7), and the molecular structure was shown in Figure (1.8) 

It belongs to the lipocalin superfamily (Guo, 2020).It is first separated from 

the neutrophils (Kjeldsen, 1993), subsequently, researchers discovered that 

organs including the kidney, liver, and epithelial cells also express it (Friedl, 

1999) . 

It was discovered to be among the first and most powerfully activated genes 

and proteins in the distal nephron's tubular epithelium, and it was released 

from tubular epithelial cells after tissue damage, such as ischemia renal 

injury, which is why clinical investigators were interested in it (Mishra, 

2003) .Subsequent research revealed that neutrophils create the monomeric 

type of urine, whereas kidney tubular epithelial cells produce the dimeric 

form (Cai, 2010) . The specificity of NGAL as a renal biomarker may be 

enhanced by this variation, it is not specific as mentioned above (Guo, 

2020). 
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Figure (1.7) Crystal structure of NGAL (Goetz, 2000). 

The crystal structure of NGAL shows an internal ligand-binding site surrounded by a 

single, eight-stranded, continuously hydrogen-bonded antiparallel β-barrel. β-strands are 

depicted as arrows with a smooth curve, whereas α-helices are represented as spiral 

ribbons. The depiction of fatty acid ligand molecules is an all-atom picture that is 

coloured. (Goetz, 2000).NGAL: Neutrophil gelatinase-associated lipocalin 
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Figure (1.8) molecular structure of NGAL. (Bao, 2015) 

 (A)The 310-helix and the side chains cluster of the conserved residues W31, T113, 

and R140 (yellow) closed the barrel's smaller end at the calyx's bottom. (B) At the 

closed end of the calyx, the free SH group of residues C87 (yellow), which was 

linked to MMP-9, was located in an interstrand loop. (C) Hydrophobic aromatic and 

aliphatic residues, such as W31 and V33 (β1), V66 (β3), F83 (β4), F92 and L94 

(β5), V108 and V110 (β6), and V121 and F123 (β7) (yellow) near the base of the 

barrel, were hypothesized to be the binding sites for lipophilic ligands. (D) The 

positively charged side chains of R81, K125, and K134 lysine residues were pushed 

into the upper open end of barrel, where they bind hydrophilic siderophores like 

catecholates. (Bao, 2015).NGAL: Neutrophil gelatinase-associated lipocalin.  
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It is well known that NGAL is a syderophoric protein that controls iron 

activity (Xiao, 2017) .The iron molecule that contains NGAL interacts with 

cell surface receptors. After that, it is moved within the cell and releases iron 

(Goetz, 2002). Additionally, unbound NGAL interacts with cell surface 

receptors to cause an intracellular transport of iron out of the cell (Marakala, 

2022). 

Neutrophil gelatinase-associated lipocalin interacts with certain receptors 

(24p3R or megalin) either alone (Apo-NGAL) or in a compound with iron-

siderophores (Holo-NGAL). Following internalization, the iron that Holo-

NGAL carries is released into the cytoplasm, causing a buildup of iron and 

controlling certain gene pathways that are dependent on iron. NGAL can 

then be recycled outside of the cell as Apo-NGAL or destroyed inside the 

cell. This mechanism most likely explains the majority of the protective 

properties attributed to this protein (Bolignano, 2008).  . 

 On the other hand, the cell might lose its iron stores if Apo-NGAL manages 

to seize internal iron-siderophores and transfer them to the extracellular area. 

This most likely illustrates how NGAL has potent antimicrobial effects and, 

under some situations, may encourage cellular death (Bolignano, 2008).   

Following injury, tubular epithelial cells produce NGAL early (Guo, 2020), 

(Hosohata, 2020).The degree of kidney damage is correlated with the 

expression of NGAL, which may assist distinguish people who are more 

likely to experience a quicker deterioration in renal function (Rysz, 2017). 

Based on the activation of particular iron-dependent pathways, the increase 

in NGAL production and release from tubular cells in response to various 

harmful stimuli may have a self-defensive purpose.  
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These pathways most likely also represent the mechanism by which NGAL 

promotes kidney growth and differentiation.With regard to clinical 

nephrology and other fields, NGAL has the potential to be among the most 

promising next-generation biomarkers. (Bolignano, 2008)  

There is a strong association between NGAL and serum creatinine, cystatin 

C, and estimated GFR(eGFR) (Guo, 2020). Urinary NGAL is also an 

excellent measure of normoalbuminuric renal disease in type 2 diabetes 

mellitus and a good predictor of renal damage prior to observable changes in 

eGFR (Li, 2019). Belonging to the lipocalin family, NGAL is a tiny 

molecular weight stress protein. According to previously published research, 

NGAL has been demonstrated to be a very reliable marker of the severity of 

CKD in individuals with ADPKD. In these patients, levels of uNGAL and 

sNGAL exhibited a strong correlation with both serum Cr and residual GFR 

(Bolignano, 2007). In addition, patients with higher cystic development 

(renal length > 16 cm and > 10 cysts) exhibited higher levels of sNGAL and 

uNGAL than other patients, regardless of their residual renal function. This 

finding raises the intriguing possibility that this protein may also play a role 

in the process of cyst growth, in addition to its previously demonstrated 

involvement in tumor and epithelial cell proliferation (Bolignano, 2008).  

Meijer & Co. (Messchendorp, 2019) discovered a link between tKV and 

uNGAL levels, which may suggest that NGAL levels in the urine only rise 

in advanced PKD (Pana, 2023). 
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1.11 Knowledge gap 

Currently, markers with poor sensitivity that indicate the risk of fast disease 

development in individuals with ADPKD are costly and time-consuming to 

evaluate. Therefore, there is a need for new, simple-to-measure indicators 

that can forecast the rate at which a disease progresses, either by itself or in 

conjunction with traditional risk markers. In this work, we looked at the 

potential of inflammation and tubular damage markers to forecast a loss in 

kidney function. Several studies have used GFR and TKV evaluations to 

show a strong correlation between these indicators and the severity of 

ADPKD (Petzold, 2015). The necessity to identify novel biomarkers, or 

combinations of previously identified biomarkers, with strong predictive 

value of ADPKD development and risk of kidney damage is emphasized by 

the poor ability to predict htTKV in ADPKD (Segarra-Medrano, 2020). 

New prognosis markers need to be developed, either alone or in combination 

with conventional risk markers, which can predict the rate of disease 

progression in ADPKD. 

The ADPKD is a tubular disease with an inflammatory component.  

Therefore, our point of view that when measurement of urinary tubular 

damage       KIM-1 & CHI3L1 and inflammation markers NGAL is of 

interest, especially because these markers are relatively inexpensive and 

easy to measure.   
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          1.12 Aims of the study:  

The study aims and objectives at the following:  

 Estimating the serum level of  KIM-1 & CHI3L1 and inflammation 

markers NGAL in ADPKD patients.  

 Study the disease progression through ROC analysis to assess changes in 

KIM1 & CHI3L1,and NGAL adjusted for  eGFR. 

 Evaluating the correlation between serum biomarkers in ADPKD 

patients. 
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Chapter Two 

Subjects, Materials  
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2. Subjects Materials and Methods 

2.1.  The Study Design 

In the cross-sectional study design, a total 85 subjects aged between 7 and 

84 years, all diagnosed with  ADPKD based on the established diagnostic  

criteria. A questionnaire was used to collect patient data, including age, sex, 

address, family history of ADPKD and other diseases, height, weight, body 

mass index (BMI), blood pressure, history of antihypertensive therapy, 

history of cardiovascular disease, history of kidney replacement surgery, 

history of dialysis, and other relevant medical information. The study was 

conducted at the kidney diseases consultant of Al-Hassan Al-Mujtaba 

teaching hospital  & Al-Saegh Center for Nephrology and Transplantation 

outpatient clinics in Karbala, Iraq. Study spanned from September / 2023 to 

August / 2024.  

2.2 Ethical Approval 

The College of Medicine at the University of Karbala, along with the 

Karbala Health Directorate, validated the ethical approval for this study. 

2.3 Blood Sample Collection and Storage 

Disposable syringes and needles were used for blood collection (5 mL). 

Blood samples were obtained from ADPKD patients via venipuncture. Each 

sample was placed in gel tubes and left to clot at room temperature for 10 to 

15 minutes. The blood was then centrifuged at 4000 x g for 10 to 15 minutes 

to separate the serum. The serum was divided into two parts and stored in 

Eppendorf tubes at -80°C until further analysis. The levels of KIM-1, 
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CHI3L1, and NGAL were measured using the enzyme-linked 

immunosorbent assay (ELISA) technique. 

2.4 The Sample Size  

The study was conducted worldwide and the prevalence was 0.001 

(Cornec-Le Gall, 2019). 

and from this  

prevalence a sample size can be calculated (Daniel & Cross, 2018):  

n = [Z2 × P(1-P)] / d2   

n = [(1.96)2 × 0.001(1-0.001)] / (0.05)2  

n = 1.535 

Where:  

n = Sample Size  

Z = Z Statistic for a level of confidence (1.96 for 95% Confidence level)  

P = Expected Prevalence or Proportion  

d = Precision (d is considered 0.05 to produced good precision & smaller  

error of estimate). 
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2.5 Inclusion Criteria 

The patients who diagnosed with ADPKD were included in this study 

(Colbert, 2020)  (Neumann, 2013) 

2.6 Exclusion Criteria: 

Patients meeting the following criteria were excluded from the study: 

- Incomplete data. 

- History of kidney replacement surgery. 

- Currently undergoing continuous dialysis. 

- Heart failure. 

2.7 Diagnostic Criteria for ADPKD: 

Ultrasonographic Criteria: 

Individuals aged 15–39 years: At least three unilateral or bilateral kidney 

cysts. 

          Individuals aged 40–59 years: At least two cysts in each kidney. 

Individuals aged 60 years or older:At least four cysts in each kidney. (Pei, 

2009) 

Progression of the disease was measured as changes in the eGFR and 

htTKV. 
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2.8 Ultrasound criteria for Height-Adjusted Total Kidney Volume  

measurement: 

1. Kidney Measurements: 

   - The length, width, and depth of each kidney are measured using 

ultrasound Semens Juniper  version 2023. 

   - Kidney length is measured in the coronal or sagittal plane, while width 

and depth are measured in the transverse plane. 

2. Volume Calculation: 

   - Using the ellipsoid formula (Length × Width × Depth × π/6) to estimate 

the volume of each kidney. 

   - Summing the volumes of both kidneys to obtain the total kidney volume. 

The normal kidney volume is of 110 to 190 ml in men and 90 to 150 ml in 

women. (McGahan, 1998) 

3. Height Adjustment: 

   - Adjustment of the TKV by dividing it by the patient's height in meters to 

obtain htTKV (expressed in ml/m). 
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2.9 Ultrasound Diagnostic Criteria for ADPKD Total Kidney Volume, 

and Height-Adjusted Total Kidney Volume  

1. Small Kidney Volume in ADPKD: 

   - Less than 150 ml may indicate advanced CKD with significant cyst-

induced parenchymal loss. 

   - Height-Adjusted Total Kidney Volume: Less than 200 ml/m². 

2. Normal Kidney Volume in ADPKD: 

   - Total Kidney Volume: 150 to 300 ml, often seen in early-stage ADPKD 

before significant cystic growth. 

   - Height-Adjusted Total Kidney Volume: 200 to 400 ml/m². 

3. Large Kidney Volume in ADPKD: 

   - Total Kidney Volume: Greater than 300 ml. 

   - Height-Adjusted Total Kidney Volume: Greater than 400 ml/m². 

(ADPKD?Kidney101. ،2024) 

Ultrasound measurement of TKV typically is calculated utilizing the 

ellipsoid equation (π/6xLxWxD), by measuring maximum orthogonal 

length, width and depth of the kidney. (Hricak, 1983) 
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2.10 Measurement of Kidney Cysts and Biomarker Levels. 

Class interval for grouping data was used to categorized the cysts into three 

sub-groups: small (G1: 0.7 ml - 2.2 ml), medium (G2: 2.3 ml - 3.6 ml), and 

large (G3: > 3.7 ml). 

The magnitude of class interval depends on range and number of classes. 

The range is the difference between the highest and smallest values is the 

data series. Sturges formula to find number of classes is given below 

K = 1 + 3.322 log N. 

K = No. of class 

log N = Logarithm of total no. of observations 

Sturges formula to find size of class interval 

Size of class interval (h) = Range/ K 

The study assessed the potential impact of these cyst size categories on the 

levels of specific kidney damage biomarkers, namely CHI3L1, KIM-1, and 

NGAL. The biomarker levels were reported as means ± SD to reflect the 

variability within each group. 
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2.11 Estimated GFR is measured by CKD-EPI Equation (Chronic 

Kidney Disease Epidemiology Collaboration): (Matsuo, 2009) 

For females: eGFR} = 141x (serum creatinine/0.7)-0.329 x0.993 Age 

For males: eGFR} = 141x (serum creatinine/0.9)-0.411 x0,993Age 

Additional factors: 

If the serum creatinine is greater than 0.7 for females or 0.9 for males, the 

exponent changes to -1.209.  

Multiply  by 1.159 if the patient is Black. (Levey, 2009) 

2.12 Classification of eGFR and Biomarker Measurement. 

In this study, the KDIGO (Levin, 2024) classification for estimated eGFR 

was utilized to categorize patients into five stages of CKD: 

- G1: eGFR ≥ 90 mL/min/1.73 m² 

- G2: eGFR 60-89 mL/min/1.73 m² 

- G3a: eGFR 45-59 mL/min/1.73 m² 

- G3b: eGFR 30-44 mL/min/1.73 m² 

- G4: eGFR 15-29 mL/min/1.73 m² 

- G5: eGFR < 15 mL/min/1.73 m² 

The study aimed to examine the progression of CKD by analyzing the levels 

of specific kidney damage biomarkers, including KIM-1,NGAL, and 

CHI3L1. These biomarkers were measured across the different eGFR stages 

to evaluate their association with the severity of kidney function decline.  
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 Flow Chart of Study Design: 
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figure (2.1) flow chart of study design. 
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 2.13 Patient Evaluation: 

Serum samples from each patient were used to measure urea, creatinine, 

KIM-1, CHI3L1, and NGAL, as well as lipid profile components including 

cholesterol, triglycerides (TG), high-density lipoprotein (HDL), very low-

density lipoprotein (VLDL), and low-density lipoprotein (LDL). Genetic 

tests were not conducted due to the high price, and the family history was 

taken, meaning that all patients had inherited the disease according to the 

fact that the disease is a dominant genetic trait. 

2.14 Measurement of Body Mass Index (BMI): 

Body Mass Index was calculated by dividing body weight (in kilograms) by 

the square of height (in meters). The formula used is: 

BMI= Weight (kg)/{Height (m)2 

Body Mass Index was classified according to the World Health Organization 

(WHO) in Table 2.1 (Seo, 2019) 

Table (2.1) BMI WHO classification 

N BMI Unit Classification Of BMI 

1 Below 18.5 Kg/M2 Underweight 

2 18.5-24.9 Kg/M2 Normal Weight 

3 25.0 -29.9 Kg/M2 Pre-Obesity 

4 30.0 -34.9 Kg/M2 Obesity Class-1 

5 35.0 39.9 Kg/M2 Obesity Class-2 

6 Above 40 Kg/M2 Obesity Class-3 
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2.15 Measurement of Atherogenic Indices 

Atherogenic Coefficient (AC):  The Atherogenic Coefficient (AC) is the 

ratio of non-high-density lipoproteins cholesterol (non-HDL-C) to high-

density lipoproteins cholesterol (HDL-C) (Olamoyegun, 2016). It is used as 

a diagnostic tool to predict the risk of developing cardiovascular events. AC 

of >3 have been associated with cardiovascular disease risks. (Agu, 2024) 

The formula for AC is as follows: 

AC = non-HDL-C / HDL-C 

Non- HDL-C = TC – HDL-C 

 

 

          Atherogenic Index of Plasma (AIP):   

The Atherogenic Index of Plasma is an unconventional lipid ratio that 

represents the logarithm of the molar ratio of triglycerides (TG) to HDL-C. 

Evidence suggests that AIP is a significant predictive index, with a positive 

correlation to cardiovascular disease (CVD) (Gómez-Álvarez, 2020). AIP 

value of < 0.1 was considered as low risk and ≥ 0.1 was considered high 

risk. (Sujatha, 2017) 
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 Castelli’s risk indexes (I & II) (CRI-1 and CRI-11), also known as 

cardiac risk indexes, are two lipid ratios used in this study to assess CVD 

risk (Igharo, 2020), (Tecer, 2019). The cut-off values for each index 

considered as risky were: Castelli risk index-I ≥5.0, Castelli risk index-II 

≥3.0 (Salcedo-Cifuentes, 2020) 

 

 

Cholesterol index (C-index): to predict the probability of developing CAD 

with greater accuracy than the other indices. (Ulusoy, 2013) The cutoff to 

determine whether patients need further investigation and assessment is 

between 200 and 240 mg/dL. (Chen, 2016) 
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2.16 The Materials & Tools 

The materials & Tools used  in this study ,along with their respective 

suppliers ,are listed in Table (2.2).  

Table (2.2) The Materials, Tools ,and Their Suppliers used in This 

Study 

N name Company Country 

1 Distilled Water & washing bottle  Iraq 

2 Eppendorf Tubes (1.5 mL) Kang Gia China 

3 Gel tubes (6mL) EZ Medical lab China 

4 Gloves MedTech Malaysia 

5 Graduated Cylinder (1500 mL) Eterna Duration Germany 

6 Hard Ice Gels Packs Hepo International China 

7 Laboratory Stopwatches & Timers Spectrum USA 

8 Micropipette (10-100 µl) SlamedⓇ Germany 

9 Multichannel pipette SlamedⓇ China 

10 Pipette Rack Stand SlamedⓇ Germany 

11 Pipette Tips-100µl (blue) SlamedⓇ China 

12 Pipette Tips-100µl (yellow) KirgenⓇ China 

13 Pipette(100-1000μl) SlamedⓇ Germany 

14 Plate Sealer BT Lab China 

15 Pre-Coated ELISA Plate (96-well) BT Lab China 

16 Specimen Transport Bag Hepo International China 

17 Surgical Spirit Ameya Fze UAE 

18 Syringe (5 mL/cc) Yuandong,Medical China 



Chapter Two                                                                                               Materials & Methods 

42 
 

 2.17 The Laboratory Kits  

Laboratory kits with highest purity used in this study  are listed in Table 

(2.3) below with their suppliers: - 

Table (2.3) The Laboratory Kits used in this study 

N Name Company Country 
No. of 

Kits 

1 Human Kidney Injury 

Molecule 1 Elisa KIT 
BT Lab China 1 

2 Human Chitinase-3-Like 

Protein 1 Elisa KIT 
BT Lab China 1 

3 
Human neutrophil gelatinase-

associated lipocalin, NGAL 

ELISA KIT 

BT Lab China 1 

4 Lipid profile kits 
Abbott 

laboratories  
USA  1 

2.18 The Instruments 

All the instruments and tools used in this study are listed  in Table 2.4 

Table (2.4) Instruments and tools  used in this study 

N Name Company Country 

1 Architect c4000 Abbott Laboratories USA 

2 Centrifuge Hettich Germany 

3 Deep freezer (-80 c°) ALS UK 

4 ELISA Dia Reader Dia-lab Austria 

5 ELISA Dia Washer Dia-lab Austria 

6 Refrigerator (-2-8 c°) Dia-lab Denmark 
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2.19 The methods 

2.19.1 Measurement of Serum Cholesterol: 

 Enzymatic Methodology 

 Principle of Assay 

 The cholesterol assay is used for the quantitation of cholesterol in human 

serum. 

 Cholesterol ester + H2O 
𝑪𝒉𝒐𝒍𝒆𝒔𝒕𝒓𝒐𝒍 𝒆𝒔𝒕𝒆𝒓𝒂𝒔𝒆  
→                Cholesterol + fatty acids 

 Cholesterol + O2

      𝑪𝒉𝒐𝒍𝒆𝒔𝒕𝒆𝒓𝒐𝒍 𝒐𝒙𝒊𝒅𝒂𝒔𝒆   
→                   Cholest-4-ene-3-one + H2O2 

 H2O2 + HBA+ 4-AAP 
𝑷𝒆𝒓𝒐𝒙𝒊𝒅𝒂𝒔  
→         Chromophore (quinoneimine dye) 

 The chromophore (a quinonimine dye) was quantitated at 500 nm. 

 

 Normal Value: in serum according to (Cleeman, (2001).) 

 < 200 mg/dL------------------ > Desirable 

 200-239 mg/dL---------------->Borderline 

   240 mg/dL-------------------> High 

 Procedure of Assay 

The Architect Abbott Laboratories device measures the Cholesterol level. 

(Appendix-3) 
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      2.19.2 Measurement of Serum Triglyceride: 

 Methodology by Enzymatic 

 Principle of Assay 

 The Triglyceride (TG) assay is used to quantify TG in human serum. 

 Triglycerides
                          𝑳𝒊𝒑𝒂𝒔𝒆                       
→                       Free Fatty Acids + Glycerol 

 Glycerol + ATP  
              𝒈𝒍𝒚𝒄𝒆𝒓𝒐𝒍 𝒌𝒊𝒏𝒂𝒔𝒆  
→                  Glycerol-3-Phosohate + ADP 

 Glycerol-3-Phosohate
  𝒈𝒍𝒚𝒄𝒆𝒓𝒐𝒍 𝒑𝒉𝒐𝒔𝒐𝒉𝒂𝒕𝒆 𝒐𝒙𝒊𝒅𝒂𝒔𝒆   
→                        DAP + H2O2 

 H2O2 + 4-AAP + 4-CP 
 𝑷𝒆𝒓𝒐𝒙𝒊𝒅𝒂𝒔𝒆            
→              Red Colored Dye 

 The absorbance of this dye is proportional to the triglyceride concentration 

present in the sample. 

 Normal Value: in serum according to  (Cleeman, (2001).) 

 < 150 mg/dL------------------ > Normal 

 150-199 mg/dL----------------> Borderline High 

 200-499 mg/dL----------------> High 

   500 mg/dL------------------> Very High 

 Procedure of Assay 

The Architect Abbott Laboratories device measures the Triglyceride level. 

(Appendix-4) 
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2.19.3 Measurement of Serum High-Density Lipoprotein:  

 The methodology by Accelerator Selective Detergent. 

 Principle of Assay 

 The Ultra High-Density Lipoprotein (UHDL) assay is used to quantify HDL 

in human serum. 

 The UHDL assay is a homogeneous method for directly measuring HDL 

cholesterol concentrations in serum. 

 The method uses a 2-reagent format & properties of a special detergent. 

 This method is based on accelerating the reaction of cholesterol oxidase 

(CO) with non-HDL un-esterified Cholesterol and dissolving HDL 

Cholesterol selectively using a specific detergent. 

 The first reagent, Non-HDL un-esterified cholesterol, is subject to an 

enzyme reaction, and a peroxidase reaction consumes the peroxide generated 

with DSBMT, yielding a colorless product. 

 the second reagent consists of a detergent (capable of solubilizing HDL 

cholesterol), cholesterol esterase (CE), and a chromogenic coupler to 

developer for the quantitative determination of HDL cholesterol. 

 Normal Value: in serum according to (Cleeman, (2001).) 

 < 40 mg/dL---------------> Major Risk Factor For Heart Disease. 

  60 mg/dL---------------> Negative Risk Factor For Heart Disease. 
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 Procedure of Assay 

The Architect Abbott Laboratories device measures the HDL cholesterol 

level. (Appendix-5) 

2.19.4 Measurement of Serum Very Low-Density Lipoprotein-Cholesterol: 

The Architect Abbott Laboratories device calculated the VLDL-C level 

according to Friedewald Equation.  (Friedewald, Levy & Fredrickson, 1972).   

VLDL-C = Triglycerides(mg/dL) /5  

 Normal Value: Less Than 20 mg/Dl 

2.19.5 Measurement of Serum Low-Density Lipoprotein-Cholesterol : 

The Architect Abbott Laboratories device calculated the LDL-C level 

according to Friedewald Equation.  (Friedewald, Levy & Fredrickson, 1972). 

 LDL-C= Total Cholesterol(mg/dL) – (HDL-VLDL) mg/dL 

     Normal Value: Up to 160 mg/dL      

2.19.6 Determination of Serum Creatinine Level: 

Principle:  

At an alkaline pH, creatinine in the sample reacts with picrate to form a 

creatinine-picrate complex. the rate of increase in absorbance at 500 nm due to 

formation of this complex is directly proportional to the concentration of 

creatinine in the sample (Wong, (1999). )Creatinine is the end product of 

creatine and creatine phosphate metabolism. Creatine is a nitrogenous organic 

acid that is generated predominantly in the kidney and liver, and some extent in 

the pancreas, using three amino acids, glycine, arginine, methionine (Kashani, 

2020) 

Methodology: kinetic alkaline picrate 
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Normal range: male (0.72-1.25mg/dl), female (0.57-1.11 

mg/dl).  

Table (2.5) reactive ingredients of serum creatinine level 

(Abbott, USA). 

Reactive ingredients Concentration 

R1 sodium hydroxide 0.8 mol/L 

R2 picric acid 24 mmol/L 

 

 Measurement of Serum Creatinine Level 

                                                  Alkaline ph 

Creatinine + picric acid --------------------< yellow-orange 

complex 

Procedure: 100 microliter of separated serum was placed in 

cuvate to be analyzed. 

Calculations 

The concentration of the serum creatinine is measured 

automatically by using architect Abbott c4000 chemistry 

analyzer. 

2.19.7 Determination of Serum Urea Level 

Principle: 

The urea nitrogen assay is a modification of a totally enzymatic 

procedure first described by Talke and Schubert (Talke, (1965).) 

The test is performed as a kinetic assay in which the initial rate 

of the reaction is linear for a limited period of time. Urea in the 

sample is hydrolyzed by urease to ammonia and carbon dioxide. 

The second reaction, catalyzed by glutamate dehydrogenase 

(GLD) converts ammonia and α-ketoglutarate to glutamate and 
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water with the concurrent oxidation of reduced nicotinamide 

adenine dinucleotide (NADH) to nicotinamide adenine 

dinucleotide (NAD). Two moles of NADH are oxidized for each 

mole of urea present. The initial rate of decrease in absorbance 

at 340 nm is proportional to the urea concentration in the sample 

(Abbott, USA). 

Table (2.6) Reactive ingredients of serum urea level (Abbott, 

USA). 

Reactive ingredients Concentration 

R1 NADH 

R2 α-ketoglutaric acid 

urease (jack bean) 

GLD (beef liver) 

Adenosine diphosphate 

2.95mmol/L 

99.8 mmol/L 

23.5KU/L 

63.5 KU/L 

7.6 mmol/L 

 

 Measurement of Serum Urea Level 

                         urease 

Urea + 2H2O --------------<2NH4+ + CO3-2 

                                                               GLDH 

NH4+1 +2-oxoglutarate +NADH ------------< L-glutamate 

+NAD++H₂O 

The rate of decrease in the NADH concentrations is directly 

proportional to the urea concentration in the specimen. It is 

determined by measuring the absorbance at 340 nm. 

Procedure: 

100 µL of separated serum was putted in cuvate to be analyzed. 

Calculations 
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The concentration of the serum urea measured automatically by 

using architect Abbott c4000 chemistry analyzer. 

Normal range: male (17-53mg/dl), female (15-42.8mg/dl). 

2.19.8 Measurement of Serum CHI3L1 

 Principle of Assay 

Here’s a revised version of the text: 

1. This sandwich ELISA kit is designed for the precise quantitative detection 

of human CHI3L1 in serum. 

2. The kit employs an enzyme-linked immunosorbent assay (ELISA) 

technique. 

3. The plate comes pre-coated with human CHI3L1 antibodies. 

4. When CHI3L1 is present in the sample, it binds to the antibodies on the 

wells. 

5. A biotinylated anti-human CHI3L1 antibody is then added, which binds to 

the captured CHI3L1 in the sample. 

6. Streptavidin-HRP is added, which links to the biotinylated CHI3L1 

antibody. 

7. The plate is incubated to allow the binding reactions to occur. 

8. Any unbound Streptavidin-HRP is washed away during a washing step. 

9. A substrate solution is added, causing a color change proportional to the 

amount of CHI3L1 present in the sample. 

10. The reaction is terminated by adding an acidic stop solution, and the 

absorbance is measured at 450 nm. 
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 Preparation of Reagent  

Here’s a revised version of the text: 

1. Before use, all reagents (samples and standards) are brought to room 

temperature. 

2. Reconstitution of 120 µL of the standard (480 ng/mL) with 120 µL of 

standard diluent to create a 240 ng/mL standard solution. Allow the solution 

to sit for 15 minutes with gentle agitation before further dilution.  

3. Creation of duplicate standard points by serially diluting the stock 

standard solution (240 ng/mL) in a 1:2 ratio with standard diluent to produce 

concentrations of 120 ng/mL, 60 ng/mL, 30 ng/mL, and 15 ng/mL. The 

standard diluent serves as the zero standard (0 ng/mL). 

          4. Storing any residual solution at -20°C and use it within one month. 

The dilution of standard solutions suggested are as follows: 

Table (2.7) Serial dilution of Standard CHI3L1 

240ng/ml 
Standard No.5 

120μl Original Standard + 120μl Standard 

Diluent 

120ng/ml 
Standard No.4 

120μl Standard No.5 + 120μl Standard 

Diluent 

60ng/ml 
Standard No.3 

120μl Standard No.4 + 120μl Standard 

Diluent 

30ng/ml 
Standard No.2 

120μl Standard No.3 + 120μl Standard 

Diluent 

15ng/ml Standard No.1 
120μl Standard No.2 + 120μl Standard 

Diluent 
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Fig (2.2) Serial dilution of Standard CHI3L1 

 Wash Buffer 

 20 mL of wash buffer consternate 25x was added into Graduated Cylinder. 

 480 mL of distilled water (D.W) was added into Graduated Cylinder to yield 

500 mL wash buffer dilute. 

 500 mL of wash buffer dilute in a Graduated Cylinder was added into the 

washing bottle ELISA. 

 Procedure of Assay 

 50μl of standard (St1– St6) was added to standard well (A1–F1) only. 

 40μl of sample (S1–S90) was added to sample wells (G1–H12) only. 

 10μl of anti-CHI3L1 antibody was added to sample wells. 

 50μl of streptavidin-HRP was added to sample & standard wells. 

 Mix wells. 

 The plate was covered with a new sealer. 

 The plate was incubated at 37 °C for 60 minutes.  

 The sealer was removed from the plate. 

 The plate was washed with the wash buffer five times& blot the plate onto 

paper towels. 

 50μl of the substrate solution A & 50μl of the substrate solution B was added 

into each well. 



Chapter Two                                                                                               Materials & Methods 

52 
 

 The plate was covered with a new sealer. 

 The plate remained incubated in the dark at 37 °C for 10 minutes. 

 50 μl of the stop solution in each well, the blue colour will change into 

yellow immediately. 

 The plate was directly added to a microplate reader ELISA & set to 450nm. 

 Optical density (O.D value) is to be read  to determine the absorption level 

of each well.  

 The results with the graphic curve stander was to be printed. 

 Calculation of the result: 

The concentration of serum CHI3L1, as well as the absorption and 

concentration of the standard, are evaluated using a standard curve generated by 

the ELISA Dia Reader, as shown in Table 2.8 

The standard curve is created by plotting the average optical density (O.D) for 

each standard on the vertical (Y) axis versus the concentration on the horizontal 

(X) axis. A best-fit curve is then drawn through the data points. 

     Table (2.8) The standard curve of Human CHI3L1 

No. of Standard (st) 
Concentration Of 

Standard Curve 
Optical Density (O.D) 

St1 0 ng/ml 0.064 

St2 15 ng/ml 0.884 

St3 30 ng/ml 0.377 

St4 60ng/ml 0.577 

St5 120 ng/ml 1.111 

St6 240 ng/ml 2.017 
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Figure (2.3) The standard curve of Human CHI3L1 

Appendix-6  

          2.19.9 Measurement of Serum KIM 1 

          Principle of the Assay: 

          Here’s a revised version of the text: 

- This sandwich kit is designed for the precise quantitative detection of 

human KIM-1 in serum. 

- The ELISA kit uses an enzyme-linked immunosorbent assay. 

- The plate is pre-coated with human KIM-1 antibodies. 

- KIM-1 in the sample binds to the antibodies on the wells. 

- A biotinylated anti-human KIM-1 antibody is added, which binds to the    

captured KIM-1 in the sample. 

- Streptavidin-HRP is added and links to the biotinylated KIM-1 antibody. 

- The plate is incubated to allow binding reactions to occur. 

- Unbound Streptavidin-HRP is washed away during the washing step. 
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- A substrate solution is added, resulting in a color change proportional to 

the amount of KIM-1 present in the sample. 

- The reaction is terminated by adding an acidic stop solution, and the 

absorbance is recorded at 450 nm. 

          Preparation of Reagents: 

            Here’s a revised version of the text: 

- Before use, bring all reagents (samples and standards) to room temperature. 

- Reconstitute 120 µL of the standard (12.8 ng/mL) with 120 µL of standard 

diluent to create a 6.4 ng/mL standard stock solution. Allow the solution to 

sit for 15 minutes with gentle agitation before further dilution. 

- Create duplicate standard points by serially diluting the stock standard 

solution (6.4 ng/mL) in a 1:2 ratio with standard diluent to produce 

concentrations of 3.2 ng/mL, 1.6 ng/mL, 0.8 ng/mL, and 0.4 ng/ml. The 

standard diluent serves as the zero standard (0 ng/mL). 

- Store any residual solution at -20°C and use it within one month. 

         The dilution of standard solutions suggested are as follows: 

    Table (2.9) Serial dilution of Standard KIM 1 

6.4ng/ml 
Standard No.5 

120μl Original Standard + 120μl Standard 

Diluent 

3.2ng/ml 
Standard No.4 120μl Standard No.5 + 120μl Standard Diluent 

1.6ng/ml 
Standard No.3 120μl Standard No.4 + 120μl Standard Diluent 

0.8ng/ml 
Standard No.2 120μl Standard No.3 + 120μl Standard Diluent 

0.4ng/ml Standard No.1 120μl Standard No.2 + 120μl Standard Diluent 
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Fig (2.4) Serial dilution of Standard KIM 1 

 Wash Buffer 

 20 mL of wash buffer consternate 25x was added into Graduated Cylinder. 

 480 mL of distilled water (D.W) was added into Graduated Cylinder to 

yield 500 mL wash buffer dilute. 

 500 mL of wash buffer dilute in a Graduated Cylinder was added into the 

washing bottle ELISA. 

 Procedure of Assay 

 50μl of standard (St1– St6) was added to standard well (A1–F1) only. 

 40μl of sample (S1–S90) was added to sample wells (G1–H12) only. 

 10μl of anti-KIM 1 antibody was added to sample wells. 

 50μl of streptavidin-HRP was added to sample & standard wells. 

 Mix wells. 

 The plate was covered with a new sealer. 

 The plate was incubated at 37 °C for 60 minutes.  

 The sealer was removed from the plate. 

 The plate was washed with the wash buffer five times & blot the plate onto 

paper towels. 
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 50μl of the substrate solution A & 50μl of the substrate solution B was 

added into each well. 

 The plate was covered with a new sealer. 

 The plate remained incubated in the dark at 37 °C for 10 minutes. 

 50 μl of the stop solution in each well, the blue colour will change into 

yellow immediately. 

 The plate was directly added to a microplate reader ELISA & set to 

450nm. 

 The optical density (O.D value) is to be read to determine the absorption 

level of each well. 

 The results with the graphic curve stander is to be printed. 

 

 Calculation of  the result 

The concentration of serum  KIM 1 and absorption & concentration of 

standard is evaluated by a standard curve by the ELISA Dia Reader as 

shown in the table 2.10 

The standard curve is calculated by graphing the average O.D for every 

standard on the vertical (Y) line versus the concentration on the horizontal 

(X) line & draw a best-fit curve through the points  
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Table (2.10) The standard curve of Human KIM 1 

   
No. of Standard (st) 

Concentration Of 

Standard Curve 
Optical Density (O.D) 

St1 0 ng/ml 0.135 

St2 0.4 ng/ml 0.341 

St3 0.8 ng/ml 0.521 

St4 1.6 ng/ml 0.917 

St5 3.2 ng/ml 1.451 

St6 6.4 ng/ml 2.027 

 

 

Figure (2.5) The standard curve of Human KIM 1 

Appendix-7 
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      2.19.10 Measurement of Serum NGAL 

 Principle of Assay 

Here’s a revised version of the text: 

 This sandwich kit is intended for the precise quantitative detection of  

Human NGAL in serum.  

 The ELISA kit is an enzyme-linked immunosorbent assay. 

  The Human NGAL antibody has been pre-coated on the plate. 

 The NGAL in the sample is added and binds to antibodies coated on the 

wells.  

  A biotinylated human NGAL Antibody is added and binds to NGAL in the 

sample.  

 Streptavidin-HRP was added & linked to the biotinylated NGAL antibody. 

 The plate was incubated. 

 Unbound Streptavidin-HRP has washed away during a washing step.  

 A substrate solution was added, and colour developed proportionately to the 

amount of human NGAL.  

 The reaction is terminated by adding an acidic stop solution, and 450 nm 

absorbance is recorded. 

Preparation of Reagent  

Here’s a revised version of the text: 

 Before use, all reagents (sample and standard) are brought to room 

temperature. 

 Reconstitution of  120 µL of the standard (640ng/ml) plus 120μl of standard 

diluent to form an 320ng/ml  Standard stock solution. Leaving the standard 

to sit for 15 minutes with gentle agitation before diluting. Creating duplicate 
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standard points by serially diluting the stock standard solution (320ng/ml) 

1:2 with standard diluent to produce 160ng/ml, 80ng/ml, 40ng/ml and 

20ng/ml solutions. The standard diluent acts as the zero standards (0 ng/mL) 

Fig.2.6. Any residual solution is refrigerated at -20 degrees Celsius and 

utilized within one month. 

          The dilution of standard solutions suggested are as follows: 

     Table (2.11) Serial dilution of Standard NGAL 

320ng/ml 
Standard No.5 

120μl Original Standard + 120μl Standard 

Diluent 

160ng/ml 
Standard No.4 120μl Standard No.5 + 120μl Standard Diluent 

80ng/ml 
Standard No.3 120μl Standard No.4 + 120μl Standard Diluent 

40ng/ml 
Standard No.2 120μl Standard No.3 + 120μl Standard Diluent 

20ng/ml Standard No.1 120μl Standard No.2 + 120μl Standard Diluent 

 

 

 

Fig (2.6) Serial dilution of Standard NGAL 
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 Wash Buffer 

 20 mL of wash buffer consternate 25x was added into Graduated Cylinder. 

 480 mL of distilled water (D.W) was added into Graduated Cylinder to yield 

500 mL wash buffer dilute. 

 500 mL of wash buffer dilute in a Graduated Cylinder was added into the 

washing bottle ELISA. 

  Procedure of Assay 

 50μl of standard (St1– St6) was added to standard well (A1–F1) only. 

 40μl of sample (S1–S90) was added to sample wells (G1–H12) only. 

 10μl of anti-KIM 1 antibody was added to sample wells. 

 50μl of streptavidin-HRP was added to sample & standard wells. 

 Mix wells. 

 The plate was covered with a new sealer. 

 The plate was incubated at 37 °C for 60 minutes.  

 The sealer was removed from the plate. 

 The plate was washed with the wash buffer five times & blot the plate onto 

paper towels. 

 50μl of the substrate solution A & 50μl of the substrate solution B was added 

into each well. 

 The plate was covered with a new sealer. 

 The plate remained incubated in the dark at 37 °C for 10 minutes. 

 50 μl of the stop solution in each well, the blue colour will change into 

yellow immediately. 

 The plate was directly added to a microplate reader ELISA & set to 450nm. 

 The optical density (O.D value) is to be read to determine the absorption 

level of each well.  

 The results with the graphic curve stander is to be printed. 



Chapter Two                                                                                               Materials & Methods 

61 
 

          Calculation  of the Result: 

The concentration of serum NGAL, as well as the absorption ,and  

concentration of  the standard ,are evaluated using  a standard curve 

generated  by the ELISA Dia Reader as shown in the table 2.12. 

The standard curve is created  by plotting  the average O.D. for every 

standard on the vertical (Y) line versus the concentration on the horizontal 

(X) line axis.A best-fit curve is then drawn through the data points. 

     Table (2.12) The standard curve of Human NGAL 

No. of Standard (st) 
Concentration Of 

Standard Curve 
Optical Density (O.D) 

St1 0 0.077 

St2 20 0.115 

St3 40 0.121 

St4 80 0.204 

St5 160 0.296 

St6 320 0.624 

 

 

Figure (2.7) The standard curve of Human NGAL (Appendix-8) 
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2.20 Statistical Analysis 

Information from the questionnaire and all test results from the study group 

samples were entered into a data sheet. The data analysis was performed using 

GraphPad Prism. 

Descriptive statistics were conducted on the data from each group. Values were 

illustrated as n (%) for categorical variables. For scale variables, the mean ± 

standard deviation (mean±SD) was used for normal data. The normality of the data 

distribution was assessed using the Shapiro-Wilk test. 

Significant differences in categorical variables among the parameters were 

confirmed through analytical statistical tests. Hypothesis tests with p-values < 0.05 

(two-sided) were considered statistically significant. 

The simultaneous confidence level for each of the confidence intervals was 

calculated using Fisher's LSD technique. This simultaneous confidence level 

represents the probability that all confidence intervals contain the true difference. 

The optimal threshold, with high specificity and sensitivity for the study cases, was 

determined using Receiver Operating Characteristic (ROC) analysis. 
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   Results and Discussion : 

3.1. Demographics of patients group with Autosomal Dominant 

Polycystic Kidney Disease (ADPKD). 

We studied the demographic characteristics of the study group, which 

included 36 females (42.4%) and 49 males (57.6%). The median age of the 

participants was 60 years, with an age range spanning from 8 to 84 years. 

The mean age was recorded as 55.4 years. 

The median BMI was 29.06 cm/kg, with values ranging from 16.5 to 47.7 

cm/kg, and the mean BMI was 29.7 cm/kg, suggesting a prevalence of 

overweight or obesity within the group. The median systolic blood pressure 

was 130 mmHg, and the median diastolic blood pressure was 80 mmHg. 

Regarding kidney cysts, the median size of the largest right kidney cyst was 

2.8ml, with a range of 0.5 to 15 ml, and the mean size was 3.57 ml. For the 

left kidney, the median size of the largest cyst was 2.9 ml, with a range of 

0.7  to 11 ml, and the mean size was 3.29 ml. 

In terms of kidney function, the median urea level was 52.5 mg/dl, with a 

wide range from 1.23 mg/dl to 205 mg/dl. The mean urea level was 68.1 

mg/dl. The median creatinine level was 1.57 mg/dl, with a range from 0.57 

mg/dl to 8.09 mg/dl, and the mean creatinine level was 2.32 mg/dl. The 

median estimated glomerular filtration rate (eGFR) was 35.7 ml/min/1.73 

m², with values ranging from 5.94 to 171.1 ml/min/1.73 m², and the mean 

eGFR was 40.1 ml/min/1.73 m². Table 3.1 provides a detailed overview of 

the demographic characteristics of the study group . 
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Table (3.1) Demographic characteristic of the study group 

Variable Median Minimum Maximum Mean ±2SD 

Age (years) 60 8 84 55.4±19.2 

BMI (Kg/cm) 29.06 16.5 47.7 29.7±6.68 

SBP (mmhg) 130 80 180 128.7±19.7 

DBP (mmhg) 80 50 110 81.2±13.5 

Largest Rt kidney cyst 

(ml) 
2.8 0.5 15 3.57±2.84 

Largest Lt kidney cyst 

(ml) 
2.9 0.7 11 3.29±2.28 

Urea mg/dl 52.5 1.23 205 68.1±47.0 

Creatinine mg/dl 1.57 0.57 8.09 2.32±1.89 

eGFR (ml/min/1.73 

m²) 
35.737 5.9457 171.11 40.1±31.7 

Sex No. of patients  (%) 
Female 36 (42.4%) 

Male 49 (57.6%) 

BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood 

pressure, Rt: right, Lt: left. 

The demographic and clinical findings in this study on ADPKD align closely 

with existing literature. The observed median age, slight male 

predominance, high BMI indicating obesity, and the prevalence of 

hypertension are consistent with studies like the CRISP study (Consortium 

for Radiologic Imaging Studies of Polycystic Kidney Disease) (Bae, 2024) 

and those by (Schrier, 2014) and (Johnson, 2011). These factors are well-

documented in ADPKD patients, highlighting the common challenges in 
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managing this disease. Kidney cyst sizes and the wide variability in renal 

function markers   (urea, creatinine, eGFR) also align with findings from 

(Grantham, 2006) and  (Irazabal, 2015), reflecting the heterogeneity of 

ADPKD. However, the slight male predominance and the variability in 

eGFR ranges observed in this study may differ from some global studies, 

such as those by (Peter and torres, 2014), which could be due to regional or 

sample-specific factors. Overall, this study supports the broader 

understanding of ADPKD, particularly in the regional context, emphasizing 

the importance of managing hypertension and monitoring renal function to 

mitigate disease progression. Further research could explore these regional 

differences and their implications for patient care. 

3.2. Medical History of the Study Group 

Regarding medical history of the study group , a significant portion of the 

participants (65.9%) reported a family history of autosomal dominant 

polycystic kidney disease (ADPKD). Additionally, 36.5% of the group had 

at least one chronic disease. Regarding kidney function, 16.5% of 

participants had undergone kidney surgery, including procedures such as 

nephrectomy, stone and cyst removal, or stone removal alone. Only 8.2% 

had previously undergone dialysis. Organomegaly, affecting the liver and 

spleen, was observed in 10.6% of the participants, while 18.8% had cysts in 

the liver and pancreas. A substantial proportion (71.8%) were on anti-

hypertensive therapy, indicating a high prevalence of hypertension within 

the group. Interestingly, 10.6% of participants were being treated with 

Tolvaptan, a medication specifically used to manage kidney cysts in 

ADPKD. These findings suggest that Tolvaptan may be an emerging 

treatment option for some individuals with this condition. 
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This study, found that 65.9% of participants had a family history of 

ADPKD, consistent with findings by Torres et al. (2007), underscoring its 

genetic nature. Hypertension was prevalent in 71.8% of the group, aligning 

with (Schrier, 2014), highlighting the need for blood pressure management. 

A smaller proportion (16.5%) underwent kidney surgery, and 8.2% had prior 

dialysis, suggesting earlier stages of the disease, consistent with (Irazabal, 

2015). The presence of organomegaly and other cysts (10.6% and 18.8%) 

aligns with (Chapman, 2015), while 10.6% treated with Tolvaptan mirrors 

findings by (Peter and torres, 2014) 

Kidney stones were present in 44.7% of right kidneys and 51.8% of left 

kidneys, exceeding the prevalence reported by (Peter and torres, 2014), 

Nephrectomy was performed in 3.5% of right kidneys and 7% of left 

kidneys, reflecting advanced disease stages, consistent with surgical 

interventions noted by (Chapman, 2015). Agenesis (failure of kidney to 

develop during embryonic growth) was observed in one participant (1%) of 

left kidneys.  
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Table (3.2) Medical history among 85 patient with Autosomal Dominant 

Polycystic Kidney Disease (ADPKD) 

Variable No n. (%) Yes n. (%) 

Family History 29 (34.1%) 56 (65.9%) 

Anti-Hypertensive Therapy 24 (28.2%) 61 (71.8%) 

Chronic Disease 54 (63.5%) 31 (36.5%) 

Kidney Surgery 71 (83.5%) 14 (16.5%) 

Previously Dialysis 78 (91.8%) 7 (8.2%) 

Organomegaly 76 (89.4%) 9 (10.6%) 

Other Cysts 69 (81.2%) 16 (18.8%) 

Treated with Tolvaptan(30-

60mg/day) 
63 (74.1%) 9 (10.6%) 

Previously treated 13 (15.3%) 

Left kidney stones 

Agenesis 1 (1 %) 

Nephrectomy 6 (7 %) 

No 34 (40%) 

Yes 44 (51.8%) 

Right kidney stones 

Nephrectomy 3 (3.5%) 

No 44 (51.8%) 

Yes 38 (44.7%) 

*No represent number of patients 



Chapter Three                                                                                             Results and discussion  

68 
 

3.3. Study the Kidney Characteristics ADPKD 

Regarding height-adjusted total kidney volume (htTKV) among patients 

with ADPKD, the patients were classified into three groups: increased (>400 

ml/m²), decreased (<200 ml/m²), and normal (200-400 ml/m²). The findings 

show that 18.8% and 17.6% of patients had increased right and left kidney 

volumes, respectively, while 22% had increased htTKV. The majority, 

63.5% for the right kidney, 64.7% for the left kidney, and 61% for htTKV, 

fell within the normal range. A smaller percentage, 17.6% for the right 

kidney, 18.8% for the left kidney, and 16% for htTKV, had decreased 

volumes. 

The findings suggest that the majority of ADPKD patients maintain normal 

kidney volumes, consistent with studies such as )Irazabal, 2015). The 

presence of increased kidney volumes in approximately 18% of patients 

aligns with the understanding that as ADPKD progresses, cyst growth leads 

to kidney enlargement, as supported by (Peter and torres, 2014), The 

relatively small percentage of patients with decreased kidney volumes may 

indicate early-stage ADPKD or slower disease progression, as noted in 

studies by (Grantham, 2006). The htTKV findings closely reflect individual 

kidney volumes, underscoring its importance as a predictive metric for 

disease progression.  

Table 3.3 categorizes the kidney volume and height-adjusted total kidney 

volume (htTKV) among patients with ADPKD 
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The rationale for categorizing kidney volumes and htTKV is based on the 

need to assess disease progression in ADPKD effectively. htTKV, which 

adjusts kidney volume for patient height, offers a more individualized metric 

for monitoring disease burden, as recommended by (Chapman, 2015). The 

distribution of increased, normal, and decreased kidney volumes in this 

study provides insights into the stages of ADPKD among patients. 

Monitoring htTKV alongside kidney volume allows for a more 

comprehensive understanding of disease severity and potential progression, 

aiding in better clinical decision-making and potentially guiding 

interventions to slow the progression of ADPKD. 

 

Table (3.3) Categories of patients based on their htTKV. 

Category of 

kidney volume 

Right kidney 

volume* 

Left kidney 

volume* 

htTKV* 

Increased 

16(18.8%) 

(>190 ml men, 

>150 m female) 

15(17.6%) 

(>190 ml men, 

>150 m female) 

19(22%) 

)
2

400ml/m(> 

Decreased 

15(17.6%) 

(<110 ml men, 

<90 ml female) 

16(1%) 

 (<110 ml men, 

<90 ml female) 

14(16%) 

)
2

200ml/m< 

Normal 

54(61%) (110-

190 ml men,90-

150 m female) 

55(64.7%) (110-

190 ml men, 90-

150 m female 

52(61%) 

)
2

400ml/m-200( 

Numbers represents patients number for each category 
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The mean eGFR and standard deviation for each group (of the three htTKV 

groups ) are presented, alongside the 95% confidence intervals and the p-

value from the ANOVA test. The p-value of 0.04 indicates a statistically 

significant difference in eGFR across the htTKV categories, suggesting that 

htTKV has a significant impact on kidney function, as measured by eGFR, 

with lower htTKV associated with better kidney function. 

Table 3.4 summarizes the relationship between htTKV categories and eGFR 

values. 

The table demonstrates a clear association between htTKV and eGFR, 

indicating that patients with higher htTKV levels tend to have lower eGFR 

values, reflecting poorer kidney function. The significant p-value (0.04) 

supports the hypothesis that these differences are not due to chance, but 

rather represent a real effect of htTKV on kidney function. The confidence 

intervals suggest that there is some variability in eGFR within each group, 

particularly in the Normal and Increased htTKV categories, but the overall 

trend remains consistent with the expected pathophysiological relationship. 
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Table (3.4) The relation between eGFR and normal, increased, and 

decreased htTKV 

htTKV Category 

 

eGFR (ml/min/ 

1.73 m²) Mean± 

SD 

95% CI (Lower -

Upper) 

P 

value 

Increased htTKV >400 ml/m2 39.06±14.92 22.9 (16.1-62.1) 

0.04 Decreased htTKV <200 ml/m2 24.93±12.4 11.7 (13.2-36.7) 

Normal htTKV (200-400)  

ml/m2 
43.06±19.1 8.19 (34.9-51.3) 

 

htTKV: height adjusted total kidney volume, eGFR: estimated glomerular filtration rate, 

CI: confidence interval. 

 

Figure (3.1) Mean Differences of the eGFR in patients groups of 

ADPKD based on their height adjusted total kidney volume.  

htTKV: height adjusted total kidney volume, eGFR: estimated glomerular filtration rate 
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3.4. Study of Lipid Profile in ADPKD Patients 

In aim to study the lipid profile of the study group we found that the mean 

triglyceride (TG) level was 151.18 mg/dl, indicating a potential elevation. The 

mean HDL level was 38.69 mg/dl, showing moderate variability, while the 

mean LDL and VLDL levels were 73.18 mg/dl and 30.32 mg/dl, respectively. 

Non-HDL cholesterol had a mean of 104.48 mg/dl. These findings align with 

research suggesting that dyslipidemia frequently coexists with ADPKD, 

potentially influencing disease progression (Fliszkiewicz, 2019) (Torres, 

2011) (Mallett, 2015) (Ecder, 2016).  

Table 3.5 presents the mean lipid profile levels in a group of patients with 

ADPKD. 

 

Table (3.5) Mean ± Standard deviation of the lipid profile of the studied 

patients 

 
TG(mg/dl) HDL(mg/dl) LDL(mg/dl) VLDL(mg/dl) 

nonHDL-c 

(mg/dl) 

Mean±2SD 151.18±48. 38.69±6.86 73.18±31.4 30.32±9.81 104.48±29.40 

 

SD: standard deviation, TG: triglyceride, HDL: high density lipoprotein, LDL: low 

density lipoprotein, VLDL: very low density lipoprotein, nonHDL-c: non-high density 

lipoprotein cholesterol. 
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Figure (3.2) Violin boxplot to demonstrate the density of Lipid profile 

Levels among the studied patients 

TG: triglyceride, HDL: high density lipoprotein, LDL: low density lipoprotein, VLDL: 

very low density lipoprotein, nonHDL-c: non-high density lipoprotein cholesterol. 

 

3.5. Study the Atherogenic Indices in ADPKD 

We studied the atherogenic indices in the study group and the results showed 

that the mean AC level was 2.80,   The mean of AIP level was 0.57, A 

higher AC and AIP both indicates a greater risk of atherosclerosis. 

CRI-I & CRI-II which used to estimate the 10-year risk of coronary heart 

disease were also calculated, the mean level of CRI-I was 3.80 and CRI-II 

mean was 1.97 with an 2SD of 1.01. 

Table 3.6 summarizes the mean values of various atherogenic indices in a 

group of patients with ADPKD. 

TG HDL LDL VLDL nonHDL-c 
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Table (3.6) Mean differences of atherogenic indices Levels among the 

studied patients  

 

 
(AC) (AIP) CRI-I CRI-II 

Mean ±2SD 2.80±1.03 0.57±0.15 3.80±1.03 1.97±1.01 

 

SD: standard deviation, AC: atherogenic coefficient, AIP: Atherogenic index of plasma, 

CRI-I: Castelli’s risk index 1, CRI-II: Castelli’s risk index 2. 

 

 

Figure (3.3) Violin boxplot to demonstrated the density of atherogenic 

indices among the studied patients 

AC: atherogenic coefficient, AIP: Atherogenic index of plasma, CRI-I: Castelli’s risk 

index 1, CRI-II: Castelli’s risk index 2. 

Only a few studies were reported the mean difference of atherogenic indices   

among patients group of kidney disease, but neither them were mention their 

role in ADPKD 

According to (Oh, 2023) AIP was also connected to a lipid-related 

complication in cases of nephrotic syndrome.  
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AIP is a predictor of subclinical renal impairment, which is defined as an 

eGFR between 30 and 60 mL/min/1.73 m2, according to recent research. 

(Huang, 2021) Additionally, the ratio of non-HDL-C to HDL-C is known as 

the atherogenic coefficient (AC). It is an alternate diagnostic method that has 

been applied to forecast the likelihood of experiencing cardiovascular 

events. (Olamoyegun, 2016) 

Additionally, there are two lipid ratios known as Castelli's risk indexes (I & 

II) termed cardiac risk indexes. The CRI-I is the ratio of TC to HDL-C, 

while the CRI-II is the ratio of LDL-C to HDL-C. Both have notably 

favourable relationships with CVD. (Igharo, 2020). Numerous studies 

evaluated and verified their favourable association with 85, Chapter Four 

Discussion CVD (Tecer, 2019). Conversely, C-index, has been described as 

a straightforward indicator that more accurately predicts the likelihood of 

getting CAD than any other indicator. (Ulusoy ،2013) 

In general, it is yet unknown how dyslipidaemia can potentially hasten the 

course of renal illness. One theory is that dyslipidaemia is linked to an 

increase in tubular epithelial cells' reabsorption of cholesterol and 

phospholipids. Tissue damage, foam cell production, and tubulointerstitial 

inflammation may all be triggered by this reabsorption. Furthermore, 

elevated lipoprotein levels may promote the production of proinflammatory 

cytokines, which would lead to glomerulosclerosis. (Keane ،1993)  

It was initially hypothesized that PKD progression and aberrant lipid 

metabolism were related, using rat models as evidence. In a non-orthologous 

ADPKD model, eating a lot of fat increased the size of the kidneys and the 

scores for cysts and renal fluid. (Jayapalan S, 2000). In mice lacking Pkd1 

and Pkd2, aberrant lipid metabolism has also been seen.  
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Significantly, apolipoprotein levels were elevated in cystic kidneys due to 

upregulation of genes governing apolipoprotein synthesis and transport; 

these modifications were linked to changes in the activation of the nuclear 

hormone receptor, hepatocyte nuclear factor-4. (Allen E, 2006) On the other 

hand, it was demonstrated that the polycystic kidneys had a markedly 

reduced level of apoA1, a critical component of the high-density lipoprotein 

complex. (Yoo KH, 2009) In the Consortium for Radiologic Imaging Studies 

of Polycystic Kidney Disease (CRISP) cohort research, clinical observations 

during a 6-year follow-up period revealed an inverse association between 

blood HDL-cholesterol levels and the pace of kidney expansion as well as 

the drop-in glomerular filtration rate (GFR). (Torres VE, 2011) It is 

unknown how having greater HDL levels provides protection. Due to its 

involvement in reverse cholesterol transfer, HDL possesses strong anti-

atherogenic properties. Through its recognized interactions with the Class B 

Type 1 scavenger receptor and the spingosine-1-phosphate receptor family, 

it may also have anti-inflammatory effects. Regardless of the exact 

mechanism, HDL is a theoretically modifiable component that slows the 

development of the kidney and the deterioration of renal function. (Schrier 

RW, 2010) 

3.6. Study the Kidney damage Biomarkers in ADPKD 

By studying the kidney damage biomarkers in the study group , our study 

found that the mean Kidney Injury Molecule-1 (KIM-1) level was 2.4 ± 1.9 

ng/ml, indicating damage to the proximal tubules. The mean Neutrophil 

Gelatinase-Associated Lipocalin (NGAL) level was 117.3 ± 43.4 ng/ml, 

reflecting ongoing inflammation in the kidneys. The mean Chitinase-3-like 

protein 1 (CHI3L1) level was 451.3 ± 200.0 ng/ml, indicating damage to the 

distal tubules.  
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Table 3.7 presents the mean values and standard deviations of three kidney 

damage biomarkers in a group of ADPKD patients. 

These biomarkers collectively highlight the extent of kidney injury and 

inflammation in the ADPKD patient population. 

The elevated levels of KIM-1, NGAL, and CHI3L1 in this study align with 

findings from (Huang, 2020), who identified NGAL as a marker of 

subclinical renal impairment in nephrotic syndrome, suggesting its relevance 

in ADPKD as well. The higher NGAL levels observed here are consistent 

with the inflammatory state associated with cystic kidney diseases, as 

reported by (Zhiguo Mao, 2015), who highlighted the role of oxidative stress 

in kidney damage.  

Similarly, elevated KIM-1 levels in this study support the findings of 

(Schrier, 2010), who reported increased oxidative stress and subsequent 

tubular injury in early ADPKD. The higher CHI3L1 levels are consistent 

with the observations of (Jayapalan, 2000), who demonstrated that lipid 

dysregulation and inflammation contribute to distal tubular damage.  

However, this study’s NGAL and CHI3L1 levels are somewhat higher than 

those reported by (Brookes, 2013), possibly due to differences in patient 

population or disease stage. The variation in biomarker levels could reflect 

the degree of kidney involvement and the severity of cystic disease in the 

studied cohort. Overall, these biomarkers provide valuable insights into the 

underlying mechanisms of kidney damage in ADPKD and reinforce the 

importance of monitoring these indicators in clinical practice. 
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Table (3.7) Mean differences of KIM-1, NGAL and CHI3L1 Levels                      

among the studied patients  

 

KIM-1 

(ng/ml) 

NGAL 

(ng/ml) 

CHI3L1 

(ng/ml) 

Mean ±2SD 2.4 ±1.9 117.3 ±43.4 451.3 ±200.0 

SD: standard deviation, NGAL: Neutrophil gelatinase-associated lipocalin, KIM-1: 

kidney injury molecule1, CHI3L1: chitinase3 like protein1. 

Table 3.8 presents the mean values and standard deviations of kidney 

damage biomarkers (KIM-1, NGAL, and CHI3L1) among ADPKD patients, 

stratified by sex. The mean KIM-1 level was 2.2 ± 1.2 ng/ml in females and 

3.1 ± 2.3 ng/ml in males, indicating greater proximal tubular damage in 

males. The mean NGAL level was 115.48 ± 38.6 ng/ml in females and 

157.24 ± 50.11ng/ml in males, suggesting more significant inflammation in 

males. The mean CHI3L1 level was 445.94 ± 150.3 ng/ml in females and 

455.78 ± 145.5 ng/ml in males, reflecting comparable levels of distal tubular 

damage between sexes. 

Table (3.8) Mean differences of KIM-1, NGAL and CHI3L1 Levels 

among the studied patients of ADPKD based on their sex 

Mean ±2SD Female Male 

KIM-1(ng/ml) 
2.2 ±1.2 3.1±2.3 

NGA(ng/ml) 
115.48±38.6 157.24±50.11 

CHI3L1(ng/ml) 445.94 ±150.3 455.78 ± 145.5 

NGAL: Neutrophil gelatinase-associated lipocalin, KIM-1: kidney injury molecule1, 

CHI3L1: chitinase3 like protein1. 



Chapter Three                                                                                             Results and discussion  

79 
 

 

 

 

 

Figure (3.4) Mean differences of (KIM-1), (NGAL) and (CHI3L1) Levels 

among the studied patients of ADPKD based on their sex. (t-test was *: 

significant at p ≤ 0.05, **: significant at p ≤ 0.01, ***: significant at p ≤ 0.001) 

NGAL: Neutrophil gelatinase-associated lipocalin, KIM-1: kidney injury molecule1, CHI3L1: 

chitinase3 like protein1. 
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The findings in this study show that male ADPKD patients had higher mean 

levels of KIM-1 and NGAL compared to females, suggesting a greater 

degree of kidney damage and inflammation. This aligns with findings by 

(Schrier, 2010), who reported that male sex is often associated with more 

severe disease progression in ADPKD. The higher KIM-1 levels in males 

indicate increased proximal tubular injury, which may be linked to the 

greater susceptibility of males to oxidative stress and lipid dysregulation, as 

highlighted by (Zhiguo, 2015). 

The elevated NGAL levels in males suggest more pronounced inflammatory 

processes, consistent with (Huang, 2020), who demonstrated that NGAL is a 

reliable marker of renal inflammation. The similar CHI3L1 levels between 

sexes imply that distal tubular damage might be influenced by factors other 

than sex, possibly related to the overall burden of cystic disease. 

These sex differences in kidney damage biomarkers underscore the 

importance of tailored monitoring and intervention strategies in managing 

ADPKD, with a particular focus on mitigating the more severe disease 

progression typically observed in male patients. KIM-1, NGAL, and 

CHI3L1 are biomarkers reflecting tubular injury and inflammation in 

ADPKD. KIM-1, which is undetectable in healthy kidneys, increases 

significantly with tubular damage, potentially indicating disease progression 

(Formica, 2020) (Griffin, 2020) NGAL, produced by damaged tubules and 

inflammatory cells, is a reliable marker of acute kidney injury (Mishra, 

2004)   (Schmidt-Ott, 2006). CHI3L1 has been studied as a biomarker for 

acute kidney injury (AKI), providing insights into kidney damage and 

healing processes (De Loor, 2016) (Conroy, 2018). Sex differences in these 

biomarkers were observed, with males exhibiting higher levels of KIM-1, 

NGAL, and CHI3L1, suggesting potential variations in disease severity or 
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biological responses (Griffin, 2020). Further research is needed to clarify the 

role of these biomarkers in ADPKD and their sex-specific implications. 

3.7. Study the Kidney damage Biomarkers based on the eGFR Stage in 

ADPKD 

By classifying patients according to the GFR stages ,our study found that he 

mean KIM-1 level progressively increases across GFR stages, with the 

highest level observed in G4 (4.3 ± 1.5 ng/ml) and the lowest in G1 (1.7 ± 

0.5 ng/ml). This suggests a potential association between higher KIM-1 

levels and more severe kidney dysfunction (lower GFR). 

Similar to   KIM-1, NGAL shown that the highest level was in G4 (5.2 ± 2.6 

ng/ml), but there is a substantial drop to G3b (1.8 ± 0.6 ng/ml).   

For CHI3L1 : the results were shown that the levels appear to be relatively 

increased across all GFR stages (around 1.7 - 4.7 ng/ml) 

Table 3.9 demonstrated the mean levels and standard deviations of KIM-

1,  NGAL, and CHI3L1 based on the GFR stages in a group with ADPKD. 
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Table (3.9) Mean differences of (KIM-1), (NGAL) and (CHI3L1)  Levels 

among the studied patients of ADPKD based on their GFR. 

eGFR stages 

(ml/min/1.73m2) 

G4 

NO:20 

G3b 

NO:23 

G3a 

NO:6 

G2 

NO:15 

G1 

NO:7 

KIM-1 

Mean ±2SD 4.3±1.5 2.4±1.0 2.7±1.1 2.1±1.2 1.7±0.5 

NGAL 

Mean ±2SD 5.2±2.6 1.8±0.6 4.3±1.6 2.4±1.1 2.0±0.7 

CHI3L1 

Mean ±2SD 4.7±1.2 1.6±0.7 1.9±1.2 1.8±0.4 1.7±0.7 

NGAL: Neutrophil gelatinase-associated lipocalin, KIM-1: kidney injury molecule1, 

CHI3L1: chitinase3 like protein1. 
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Figure (3.5) Mean differences of KIM-1, NGAL and CHI3L1 Levels 

among the studied patients of ADPKD based on their GFR. (Post Hoc 

ANOVA test was *: significant at p ≤ 0.05, **: significant at p ≤ 0.01, 

***: significant at p ≤ 0.001) 

NGAL: Neutrophil gelatinase-associated lipocalin, KIM-1: kidney injury molecule1, 

CHI3L1: chitinase3 like protein1. 

In the current study, the mean KIM-1 level progressively increased across 

GFR stages, with the highest level observed in G4 (severely reduced GFR) 

and the lowest in G1 (normal or high GFR). This suggests a strong 

correlation between higher KIM-1 levels and more severe kidney 

dysfunction. One indicator of renal tubule damage is KIM-1. More tubular 

damage may develop when ADPKD worsens and GFR drops, which would 

raise KIM-1 levels.  

A tenable mechanism for KIM-1 overexpression in ADPKD has been 

described, and new research indicates that KIM-1 can forecast the course of 
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CKD in non-cystic illnesses. (Schrier, 2014) , The goal of the current 

investigation was to ascertain if KIM-1 predicts the advancement of kidney 

disease in ADPKD. reported comparable findings, who also showed that 

KIM-1 correlated with baseline kidney volume, but not with baseline eGFR  

(Petzold, 2015). 

Similar to KIM-1, NGAL showed the highest level in G4, but there was a 

substantial drop in G3b (moderately reduced GFR) compared to G4. This 

indicates NGAL might also be a good indicator of severe kidney dysfunction 

in ADPKD, but the pattern might be less linear across all stages. NGAL is 

associated with inflammation. In later stages of ADPKD with severe kidney 

damage, inflammation might be more pronounced, contributing to higher 

NGAL levels. 

The levels of CHI3L1 appeared to be relatively constant across all GFR 

stages (around 1.7 - 4.7/1.73 m²). This suggests a weaker association 

between CHI3L1 and GFR decline in ADPKD compared to KIM-1 and 

NGAL. CHI3L1 might have roles beyond just kidney function. Its relatively 

constant levels across GFR stages suggest it might be influenced by other 

factors besides GFR in ADPKD. 
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3.8. Study the Kidney Damage Biomarkers based on Left Kidney Cyst 

Size in ADPKD 

In aim to search for a  potential associations between left kidney cyst size 

and the levels of three kidney damage biomarkers (KIM-1, NGAL, and 

CHI3L1) in ADPKD patients, the cysts were categorized into three groups: 

small (G1: 04.7 - 2.2 ml), medium (G2: 2.3 - 3.3.ml), and large (G3: > 3.7 

ml). The mean KIM-1 levels increased progressively with cyst size, from 1.9 

± 0.8 ng/ml in G1 to 3.2 ± 1.6 ng/ml in G3. NGAL levels showed a marked 

increase in the largest cyst group (G3: 169.5 ± 87.1 ng/ml) compared to 

smaller cysts. CHI3L1 levels also peaked in the G3 group (533.7 ± 

173.9ng/ml), although there was significant variability within each group. 

The progressive increase in KIM-1 levels with larger cyst sizes aligns with 

studies by (Petzold, 2015), who demonstrated that KIM-1 is a reliable 

marker of proximal tubular injury in ADPKD, with levels correlating with 

cyst burden. This suggests that larger cysts may exert more mechanical 

stress on the renal tubules, leading to increased KIM-1 expression. 

Table 3.10 illustrates the potential associations between left kidney cyst size 

and the levels of three kidney damage biomarkers (KIM-1, NGAL, and 

CHI3L1) in ADPKD patients. 

NGAL's less consistent pattern, with a significant rise only in the largest cyst 

group, may indicate its role in more advanced disease stages, where 

inflammation and tubular damage are more pronounced (Mishra, 2004). The 

substantial increase in NGAL levels in G3 supports its potential as a marker 

for severe kidney damage in ADPKD. 
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The variability in CHI3L1 levels, despite an overall increase in the largest 

cyst group, suggests that while CHI3L1 may be associated with cyst size, it 

is influenced by additional factors beyond cyst burden (De Loor, 2016).  

The marked increase in both NGAL and CHI3L1 levels in the largest cyst 

group highlights their potential utility as biomarkers for monitoring disease 

progression, particularly when used in combination with traditional markers 

such as KIM-1. These findings suggest that integrating these biomarkers into 

clinical practice could improve the assessment of disease severity and 

progression in ADPKD patients. 

Table (3.10) Mean differences of KIM-1, NGAL and CHI3L1 Levels 

among the studied patients of ADPKD based on their the largest size of 

Left Kidney cysts 

 

Lt Kidney(ml) G1 (0.7_2.2) G2 (2.3_3.6) G3 (>3.7) 

KIM-1  

Mean ±2SD 1.9±0.8 2.7±1.2 3.2±1.6 

NGAL  

Mean ±2SD 112.0±33.3 118.8±36.3 169.5±87.1 

CHI3L1  

Mean ±2SD 392.1±44.5 350.4±217.2 533.7±173.9 

 

Lt: left, SD: standard deviation, NGAL: Neutrophil gelatinase-associated lipocalin, KIM-1: 

kidney injury molecule1, CHI3L1: chitinase3 like protein1. 
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Figure (3.6) Mean differences of KIM-1, NGAL and CHI3L1 Levels among 

the studied patients of ADPKD based on their largest size of Left Kidney 

cysts. 

(Post Hoc ANOVA test was *: significant at p ≤ 0.05, **: significant at p ≤ 

0.01, ***: significant at p ≤ 0.001). 

Lt: left, SD: standard deviation, NGAL: Neutrophil gelatinase-associated lipocalin, KIM-1: 

kidney injury molecule1, CHI3L1: chitinase3 like protein1. 
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3.9. Study the Kidney damage Biomarkers by Right Kidney Cyst Size in 

ADPKD 

Table 3.11 presents the mean levels and standard deviations we also studied 

for a potentioal association between  the three kidney damage biomarkers 

(KIM-1, NGAL, and CHI3L1 and  the size of right kidney cysts in ADPKD 

patients. The cysts were categorized into three groups: small (G1: 0.5 cm - 

2.5 cm), medium (G2: 2.6 cm – 4.5 cm), and large (G3: > 4.6 cm). KIM-1 

levels showed an increasing trend with cyst size, with the highest level in G3 

(3.2 ± 1.9) and a relatively high level in G1 (2.7 ± 0.9) compared to G2 (1.7 

± 0.6). NGAL levels followed a similar pattern, peaking in G3 (183.5 ± 

84.7) but dropping significantly in G2 (107.1 ± 28.7). CHI3L1 levels were 

highest in G3 (556.2 ± 198.4), with a decrease in G2 (403.3 ± 63.6) and G1 

(396.2 ± 92.3). 

Table 3.11  illustrates the potential associations between right kidney cyst 

size and the levels of three kidney damage biomarkers (KIM-1, NGAL, and 

CHI3L1) in ADPKD patients. 
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Table (3.11) Mean differences of KIM-1, NGAL and CHI3L1  Levels 

among the studied patients of ADPKD based on their largest size of 

right Kidney cysts 

Rt 

Kidney(ml) 
G1 (0.5_2.5) G2 (2.6_4.5) G3 (>4.6) 

KIM-1 
 

Mean ±2S 

(ng/ml) 
2.7±0.9 1.7±0.6 3.2±1.9 

NGAL  

Mean ±2SD 

(ng/ml) 
121.7±46.0 107.1±28.7 183.5±84.7 

CHI3L1  

Mean 

±2SD(ng/ml) 
396.2±92.3 403.3±63.6 556.2±198.4 

Rt: right, SD: standard deviation, NGAL: Neutrophil gelatinase-associated lipocalin, 

KIM-1: kidney injury molecule1, CHI3L1: chitinase3 like protein1. 
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Figure (3.7) Mean differences of KIM-1, NGAL and CHI3L1  Levels among the 

studied patients of ADPKD based on their largest size of right Kidney cysts. (Post 

Hoc ANOVA test was *: significant at p ≤ 0.05, **: significant at p ≤ 0.01, ***: 

significant at p ≤ 0.001) 

Rt: right, SD: standard deviation, NGAL: Neutrophil gelatinase-associated lipocalin, KIM-1: 

kidney injury molecule1, CHI3L1: chitinase3 like protein1. 
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The progressive increase in KIM-1 levels with larger right kidney cysts 

supports findings by (Petzold, 2015), where KIM-1 is recognized as a 

marker of proximal tubular injury in ADPKD, correlating with cyst burden. 

The higher levels in both G1 and G3 suggest that even smaller cysts can 

significantly impact tubular function, possibly due to their location within 

the kidney. 

NGAL levels, which peak in G3 and decrease in G2, may reflect the 

complex interplay between cyst size, inflammation, and kidney damage. 

This pattern aligns with (Mishra, 2004), who noted NGAL's role in 

inflammatory responses, particularly in cases of severe kidney damage. The 

significant increase in NGAL in the largest cyst group indicates its potential 

as a marker for advanced disease stages. 

Similarly, CHI3L1 levels show the highest increase in G3, consistent with its 

role in kidney injury and repair processes (De Loor, 2016). However, the 

variability in CHI3L1 levels between cyst sizes suggests that other factors, 

such as cyst location or the overall kidney environment, might influence this 

biomarker's levels. The observed differences in biomarker levels between 

G1 and G3 underscore the potential utility of these markers for assessing 

disease severity and progression in ADPKD, emphasizing the need for a 

comprehensive approach that considers both cyst size and other influencing 

factors. This study presents preliminary evidence linking kidney cyst size 

with specific kidney damage biomarkers in ADPKD. KIM-1 levels 

progressively increased with larger cysts (G1 < G2 < G3), suggesting a 

direct correlation between cyst size and proximal tubule injury. NGAL and 

CHI3L1 levels also significantly increased in the largest cyst group (G3), 

indicating their potential as markers of advanced kidney damage. 
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While KIM-1 and NGAL are established indicators of tubular injury, 

particularly in AKI, their role in ADPKD remains less explored. KIM-1 has 

been correlated with kidney volume and tubular injury in ADPKD (Kuehn, 

2002) (Meijer, 2010), whereas NGAL’s results have been inconsistent, 

reflecting its complex role in inflammation (Virzì, 2015). Despite their 

widespread use in AKI, the application of these biomarkers in CKD, 

particularly ADPKD, warrants further investigation (Seibert, 2021).        

These findings suggest that KIM-1, NGAL, and CHI3L1 may be useful for 

identifying patients with more severe kidney damage in ADPKD, with a 

particular focus on their correlation with cyst size and associated 

complications. 

3.10. Receiver operating characteristics (ROC) curve 

When we tried to study which biomarkers are efficient in predicting stage 4 

CKD among patients with ADPKD , we found that both biomarkers 

demonstrated good overall performance, as indicated by their Area Under 

the Curve (AUC) values, with NGAL having a slightly higher AUC (80.5%) 

compared to KIM-1 (79.1%). NGAL exhibited higher sensitivity (71.4%) 

than KIM-1 (57.1%), indicating that NGAL is more likely to correctly 

identify patients with stage 4 CKD. However, KIM-1 showed higher 

specificity (99%) compared to NGAL (91%), suggesting that KIM-1 is more 

effective at correctly identifying patients without stage 4 CKD. The optimal 

cut-off points for both biomarkers were provided, and results were validated 

using Youden’s J statistics, with NGAL showing a higher index (0.623) than 

KIM-1 (0.561), further supporting NGAL's slightly better performance in 

ruling in CKD. Table 3.12 summarizes the performance of KIM-1 and 

NGAL levels in predicting stage 4 CKD among patients with ADPKD. 
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Table (3.12) AUC, optimal threshold, Sensitivity and specificity of KIM-1 

and NGAL levels for predicting stage 4 of CKD among the studied patients 

of ADPKD. 

 

NGAL: Neutrophil gelatinase-associated lipocalin, KIM-1: kidney injury molecule1, AUC: 

area under curve. 

 

Variable AUC 
Sensitivity 

% 

Specificity 

% 

Cut‐off 

points 

Youden 

index 
CI   (95%) 

KIM-1 79.1% 57.1% 99% 3.0165 0.561 0.568-1.000 

NGAL 80.5% 71.4% 91% 163.8335 0.623 0.580-1.000 

Figure (3.8):A: ROC curves for KIM-1 among the studied patients of 

ADPKD to analyze the optimal diagnostic points for predicting disease 

progression (stage 4) based on eGFR. KIM-1: kidney injury molecule1. 

KIM-1 



Chapter Three                                                                                             Results and discussion  

94 
 

 

Figure (3.8):B: ROC curves for NGAL among the studied patients of 

ADPKD to analyze the optimal diagnostic points for predicting disease 

progression (stage 4) based on eGFR. NGAL: Neutrophil gelatinase-associated 

lipocalin. 

The findings from this study indicate that both KIM-1 and NGAL are 

valuable biomarkers for predicting stage 4 CKD in ADPKD patients, with 

each having distinct strengths. NGAL's higher AUC (80.5%) and sensitivity 

(71.4%) suggest it is more effective in correctly identifying patients who 

have progressed to stage 4 CKD, making it a potentially useful marker for 

early intervention in more severe cases. This aligns with previous studies, 

such as those by (Mishra, 2004) and (Schrier, 2014), which identified NGAL 

as a reliable marker for detecting kidney injury and inflammation. 

On the other hand, KIM-1's higher specificity (99%) indicates its strength in 

correctly ruling out patients who have not yet progressed to stage 4 CKD, 

which is crucial for avoiding false positives. This high specificity aligns with 

NGAL 
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research by (Meijer, 2010), which demonstrated KIM-1's effectiveness in 

reflecting tubular injury and its correlation with disease progression in 

ADPKD. The optimal cut-off points identified in this study provide practical 

thresholds for clinicians to classify patients based on their risk of 

progressing to stage 4 CKD. The higher Youden’s J index for NGAL (0.623) 

compared to KIM-1 (0.561) suggests that NGAL may be slightly more 

suitable for ruling in CKD, although both biomarkers offer significant value 

in clinical decision-making for ADPKD management.Both KIM-1 and 

NGAL have been identified as biomarkers for predicting the risk of 

developing stage 3 CKD in patients with ADPKD.  

The ROC for CH13L1 levels, AUC, optimal threshold, Sensitivity and 

specificity for predicting stage 4 of CKD among the studied patients of 

ADPKD was very low and therefore neglected. 

In table 3.12 KIM-1 shows a very high specificity (99%), indicating a strong 

ability to correctly identify patients who do not have stage 3 CKD. However, 

KIM-1's sensitivity is lower (36.6%), suggesting it may miss some patients 

who are at risk. In contrast, NGAL has a lower specificity (92.3%) but a 

higher Youden Index (0.561) compared to KIM-1 (0.354), suggesting that 

NGAL may provide a better overall balance between sensitivity and 

specificity for identifying patients at risk for stage 3 CKD. 
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Table (3.13) AUC, optimal threshold, Sensitivity and specificity of KIM-1 and  

NGAL levels for predicting stage 3 of CKD among the studied patients of 

ADPKD.  

 

NGAL: Neutrophil gelatinase-associated lipocalin, KIM-1: kidney injury molecule1, AUC: 

area under curve, CI: confidence interval. 

 

 

Variable AUC 
Specificity 

% 

Sensitivity 

% 

Cut‐off 

points 

Youden 

index 
CI   (95%) 

KIM-1 70% 99% 36.6% 1.3765 0.354 0.476-0.909 

NGAL 60.8% 92.3% 36.4% 140.475 0.561 0.291-0.786 

KIM-1 

Figure (3.9):A: ROC curves for KIM-1 among the studied patients of 

ADPKD to analyze the optimal diagnostic points for predicting disease 

progression (stage 3) based on the eGFR. KIM-1: kidney injury molecule1. 
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Figure (3.9):B: ROC curves for NGAL among the studied patients of 

ADPKD to analyze the optimal diagnostic points for predicting disease 

progression (stage 3) based on the eGFR. NGAL: Neutrophil gelatinase-

associated lipocalin. 

In the context of predicting stage 3 CKD in ADPKD, both KIM-1 and 

NGAL demonstrate utility, though with differing strengths. KIM-1’s very 

high specificity (99%) indicates its strong potential to rule out patients who 

are not at risk of progressing to stage 3 CKD. This high specificity aligns 

with findings from (Meijer, 2010), reinforcing KIM-1’s role in accurately 

identifying those without significant kidney damage. However, its lower 

sensitivity (36.6%) suggests that KIM-1 may not be as effective in detecting 

early or developing cases of stage 3 CKD. On the other hand, NGAL offers 

a more balanced approach with a higher Youden Index (0.561) compared to 

KIM-1 (0.354), indicating that NGAL may be more effective overall in 

identifying patients at risk for stage 3 CKD. The higher sensitivity of 

NGAL 
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NGAL, despite slightly lower specificity, makes it a potentially better 

biomarker for early detection and intervention, which is critical in managing 

the progression of CKD in ADPKD patients. These findings are consistent 

with previous research that highlights NGAL’s role in early kidney injury 

detection (Mishra, 2004), making it a valuable tool in the early identification 

of at-risk patients. 

For CHI3L1, it was appeared to be a promising biomarker for identifying 

patients with ADPKD who are at risk of developing stage 3 CKD. It has a 

good AUC (80%) and a Youden Index (0.583), indicating a good balance 

between sensitivity (75%) and specificity (83.3%). This means CHI3-LP1 

can effectively identify both patients with stage 3 CKD. 

 

Table (3.14) AUC, optimal threshold, Sensitivity and specificity of CHI3L1  

levels for predicting stage 3 of CKD among the studied patients of ADPKD. 

 

           CHI3L1: chitinase 3 like protein1, AUC: area under curve, CI: confidence interval. 

 

Variable AUC 
Sensitivity 

% 

Specificity 

% 

Cut‐off 

points 

Youden 

index 
CI   (95%) 

CHI3L1   80% 75% 83.3% 402.6543 0.583 0.534-1.000 
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Figure (3.10) ROC curves for CHI3L1 among the studied patients of 

ADPKD to analyze the optimal diagnostic points for predicting disease 

progression (stage 3) based on the eGFR. CHI3L1: chitinase 3 like protein1 

Table 3.15 presents the performance of KIM-1 and NGAL levels in 

predicting stage 2 CKD among patients with ADPKD. Both biomarkers 

showed relatively low Area Under the Curve (AUC) values, with KIM-1 at 

51.5% and NGAL at 52.5%, indicating limited effectiveness in 

distinguishing patients with stage 2 CKD. KIM-1 exhibited very high 

sensitivity (99%) but low specificity (36.4%), suggesting it can identify 

nearly all patients with stage 2 CKD but also produces many false positives. 

In contrast, NGAL showed much higher specificity (91%) but lower 

sensitivity (33.3%), making it better at ruling out stage 2 CKD. The cut-off 

points for both biomarkers were provided, and the Youden Index was low 

for both KIM-1 (0.354) and NGAL (0.242), indicating that neither 

biomarker is ideal for diagnosing stage 2 CKD in this population. 
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Table (3.15) AUC, optimal threshold, Sensitivity and specificity of KIM-

1 and NGAL levels for predicting stage 2 of CKD among the studied 

patients of ADPKD. 

 

NGAL: Neutrophil gelatinase-associated lipocalin, KIM-1: kidney injury molecule1, 

AUC: area under curve, CI: confidence interval. 

 

Variable AUC 
Sensitivity 

% 

Specificity 

% 

Cut‐off 

points 

Youden 

index 
CI   (95%) 

KIM-1 51.5% 99% 36.4% 1.3045 0.354 0.246-0.784 

NGAL 52.5% 33.3% 91% 160.7455 0.242 0.250-0.800 

KIM-1 

Figure (3.11):A: ROC curves for KIM among the studied patients of 

ADPKD to analyze the optimal diagnostic points for predicting disease 

progression  (stage 2) based on the eGFR KIM-1: kidney injury molecule1. 
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Figure (3.11):B: ROC curves for NGAL among the studied patients of 

ADPKD to analyze the optimal diagnostic points for predicting disease 

progression  (stage 2) based on the eGFR NGAL: Neutrophil gelatinase-

associated lipocalin. 

The low AUC values for both KIM-1 (51.5%) and NGAL (52.5%) suggest 

that these biomarkers have limited utility in differentiating patients with 

stage 2 CKD in ADPKD. KIM-1’s very high sensitivity (99%) means it can 

detect almost all cases of stage 2 CKD, but its low specificity (36.4%) 

results in a high rate of false positives, limiting its practical application. This 

indicates that while KIM-1 may be useful in ensuring that stage 2 CKD 

cases are not missed, it is not effective at accurately identifying those 

without the condition. 

NGAL, on the other hand, with a specificity of 91%, is more reliable in 

ruling out stage 2 CKD but fails to detect a significant number of true 

NGAL 
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positives due to its low sensitivity (33.3%). This makes NGAL less useful as 

a standalone marker for diagnosing stage 2 CKD in ADPKD. 

The low Youden Index values for both KIM-1 (0.354) and NGAL (0.242) 

further support the conclusion that neither biomarker is ideal for diagnosing 

stage 2 CKD in this context. These findings suggest that while KIM-1 and 

NGAL have roles in identifying more advanced stages of CKD, their 

application in early-stage (stage 2) CKD is limited, and alternative or 

additional biomarkers may be needed to improve diagnostic accuracy in this 

patient population. 

 

The ROC for CH13L1 levels, AUC, optimal threshold, Sensitivity and 

specificity for predicting stage 2 of CKD among the studied patients of 

ADPKD was very low and therefore neglected. 

 

The ROC for KIM-1, NGAL, CH13L1 levels, AUC, optimal threshold, 

Sensitivity and specificity for predicting stage 1 of CKD among the studied 

patients of ADPKD were neglected for their very low results.
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Conclusions 

 

 KIM-1, NGAL, and htTKV are key markers for monitoring kidney function 

decline in ADPKD. 

 NGAL offers better sensitivity, while KIM-1 has higher specificity for 

predicting CKD progression. 

 KIM-1, CHI3L1 and NGAL are less effective in diagnosing early-stage 

CKD (stage 2). 

 CHI3L1 appear to be a promising biomarker for identifying patients with 

ADPKD who are at risk of developing stage 3 CKD. 

 

 htTKV remains a crucial predictor of disease progression and kidney 

function decline in ADPKD. 

 Monitoring metabolic abnormalities and lipid profiles is essential to manage 

cardiovascular risks in ADPKD. 

 

Recommendations 

1. Use ultra sonographic htTKV as a key predictor of kidney function 

decline. 

2. Regularly assess metabolic and lipid profiles to mitigate cardiovascular 

risks. 

Future work should compare biomarker findings, explore correlations with 

ADPKD severity, assess therapeutic impacts, consider sex-specific ranges, 

and investigate biomarker combinations for improved kidney function 

assessment. 
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Appendix-3 

Cholesterol 

This package insert contains information to run the Cholesterol assay on the ARCHITECT c 

SystemsTM and the AEROSET System. 

INTENDED USE 

The Cholesterol assay is used for the quantitation of cholesterol in human serum or plasma. 

SUMMARY AND EXPLANATION OF TEST 

Measurement of serum cholesterol levels can serve as an indicator of liver function, biliary 

function, intestinal absorption, propensity toward coronary artery disease, and thyroid function. 

Cholesterol levels are important in the diagnosis and classification of hyperlipoproteinemias. 

Stress, age, gender, hormonal balance, and pregnancy affect normal cholesterol levels.1 

The Adult Treatment Panel of the National Cholesterol Education Program (NCEP) recommends 

that all adults 20 years of age and over should have a fasting lipoprotein profile (total cholesterol, 

LDL cholesterol, HDL cholesterol, and triglyceride) once every five years to screen for coronary 

heart disease risk.2 

 

PRINCIPLES OF PROCEDURE 

The use of enzymes to assay cholesterol has been studied by many investigators.3,4 This reagent 

is based on the formulation of Allain, 

et al.5 and the modification of Roeschlau6 with further improvements to render the reagent 

stable in solution. 

Cholesterol esters are enzymatically hydrolyzed by cholesterol 

esterase to cholesterol and free fatty acids. Free cholesterol, including that originally present, is 

then oxidized by cholesterol oxidase to cholest-4-ene-3-one and hydrogen peroxide. The 

hydrogen peroxide combines with hydroxybenzoic acid (HBA) and 4-aminoantipyrine to form a 

chromophore (quinoneimine dye) which is quantitated at 500 nm. 

Methodology: Enzymatic 
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REAGENTS 

Reagent Kit 

REF 7D62 Cholesterol is supplied as a liquid, ready-to-use, single reagent kit which contains: 

R1 10 x 84 mL 

Estimated tests per kit: 3,032 

Calculation is based on the minimum reagent fill volume per kit. 

Reactive Ingredients ----------------------- > Concentration 

Cholesterol Oxidase (Microbial) ---------- > more than 200 U/L 

Cholesterol Esterase (Microbial)----------- > more than 500 U/L 

 Peroxidase (Horseradish)-------------------- > more than 300 U/L 

4-Aminoantipyrine---------------------------- > 0.25 mmol/L 

HBA--------------------------------------------- > 10 mmol/L 

The Abbott Clinical Chemistry Cholesterol reagent is certified to be traceable to the National 

Reference System for Cholesterol, against the Abell-Kendall reference method in a CDC-

Certified Cholesterol Reference Method Laboratory Network (CRMLN). 

REAGENT HANDLING AND STORAGE 

Reagent Handling 

Remove air bubbles, if present in the reagent cartridge, with a new applicator stick. 

Alternatively, allow the reagent to sit at the appropriate storage temperature to allow the bubbles 

to dissipate. To minimize volume depletion, do not use a transfer pipette to remove the bubbles. 

CAUTION: Reagent bubbles may interfere with proper detection of reagent level in the 

cartridge, causing insufficient reagent aspiration which could impact results. 

Reagent Storage 

Unopened reagents are stable until the expiration date when stored at 2 to 8°C. 

Reagent stability is 30 days if the reagent is uncapped and onboard. 
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SPECIMEN COLLECTION AND HANDLING 

Suitable Specimens 

Serum and plasma are acceptable specimens. The National Cholesterol Education Program 

(NCEP) recommends using fasting specimens.2 

• Serum: Use serum collected by standard venipuncture techniques into glass or plastic tubes 

with or without gel barriers. Ensure complete clot formation has taken place prior to 

centrifugation. Separate serum from red blood cells or gel as soon after collection as possible. 

Some specimens, especially those from patients receiving anticoagulant or thrombolytic therapy, 

may take longer to complete their clotting processes. Fibrin clots may subsequently form in these 

sera and the clots could cause erroneous test results. 

• Plasma: Use plasma collected by standard venipuncture techniques into glass or plastic tubes. 

Acceptable anticoagulants are lithium heparin (with or without gel barrier) and sodium heparin. 

Ensure centrifugation is adequate to remove platelets. Separate plasma from red blood cells or 

gel as soon after collection as possible. 

Specimen Storage Serum and plasma 

Temperature                  Maximum Storage 

20 to 25°C---------------------> 7 days5 

 2 to 8°C----------------------- > 7 days 5,12 

 -20°C-------------------------- > 3 months 5 

Guder et al.11 suggest storage of frozen specimens at -20°C for no longer than the time interval 

cited above. However, limitations of laboratory equipment make it necessary in practice for 

clinical laboratories to establish a range around -20°C for specimen storage. This temperature 

range may be established from either the freezer manufacturer’s specifications or your laboratory 

standard operating procedure(s) for specimen storage. 

NOTE: Stored specimens must be inspected for particulates. If present, mix and centrifuge the 

specimen to remove particulates prior to testing. 

BIBLIOGRAPHY 
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Appendix-4 

TRIGLYCERIDE  

This package insert contains information to run the Triglyceride assay on the ARCHITECT c 

SystemsTM and the AEROSET System. 

INTENDED USE 

The Triglyceride assay is used for the quantitation of triglyceride in human serum or plasma. 

SUMMARY AND EXPLANATION OF TEST 

Triglycerides are a family of lipids absorbed from the diet and produced endogenously from 

carbohydrates and fatty acids. Measurement of triglyceride is important in the diagnosis and 

management of hyperlipidemia. These diseases can be genetic or secondary to other disorders 
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including nephrosis, diabetes mellitus, and endocrine disturbances. The National Cholesterol 

Education Program (NCEP) cites evidence that triglycerides are an independent risk factor for 

atherosclerosis.1 Individuals with hypertension, obesity, and/or diabetes are at greater risk than 

are those without these conditions.2,3 

The Adult Treatment Panel of the NCEP recommends that all adults 20 years of age and over 

should have a fasting lipoprotein profile (total cholesterol, LDL cholesterol, HDL cholesterol, 

and triglyceride) once every five years to screen for coronary heart disease risk.1 

PRINCIPLES OF PROCEDURE 

Triglycerides are enzymatically hydrolyzed by lipase to free fatty acids and glycerol. The 

glycerol is phosphorylated by adenosine triphosphate (ATP) with glycerol kinase (GK) to 

produce glycerol-3-phosphate and adenosine diphosphate (ADP). Glycerol-3-phosphate is 

oxidized to dihydroxyacetone phosphate (DAP) by glycerol phosphate oxidase (GPO) producing 

hydrogen peroxide (H2O2). In a color reaction catalyzed by peroxidase, the H2O2 reacts with 4-

aminoantipyrine (4-AAP) and 4-chlorophenol (4-CP) to produce a red colored dye. The 

absorbance of this dye is proportional to the concentration of triglyceride present in the sample. 

This analytical methodology is based on the reaction sequence described by Fossati et al.4 and by 

McGowan et al.5 In this reagent, 4-chlorophenol is used rather than 2-hydroxy-3,5-dichlor- 

obenzenesulfonate, used in the Fossati and McGowan studies. 

Methodology: Glycerol Phosphate Oxidase 

REAGENTS 

Reagent Kit 

REF 7D74 Triglyceride is supplied as a liquid, ready-to-use, single reagent kit which contains: 

R1 10 x 84 mL 

Estimated tests per kit: 3,032 

Calculation is based on the minimum reagent fill volume per kit. 

Reactive Ingredients                            Concentration 

ATP---------------------------------------------------- > 2.5 mmol/L 
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Mg2+-------------------------------------------------- > 2.5 mmol/L 

4-Aminoantipyrine ---------------------------------- > 0.4 mmol/L 

4-Chlorophenol -------------------------------------- > 2 mmol/L 

Peroxidase (Horseradish)-------------- > more than 2,000 U/L 

 GK (Microbial)------------------------ > more than 600 U/L 

GPO (Microbial)----------------------- > more than 6,000 U/L 

Lipoprotein Lipase (Microbial)-------> more than 3.000 U/L 

REAGENT HANDLING AND STORAGE 

Reagent Handling 

Remove air bubbles, if present in the reagent cartridge, with a new applicator stick. 

Alternatively, allow the reagent to sit at the appropriate storage temperature to allow the bubbles 

to dissipate. To minimize volume depletion, do not use a transfer pipette to remove the bubbles. 

CAUTION: Reagent bubbles may interfere with proper detection of reagent level in the 

cartridge, causing insufficient reagent aspiration which could impact results. 

Reagent Storage 

Unopened reagents are stable until the expiration date when stored at 2 to 8°C. 

Reagent stability is 42 days if the reagent is uncapped and onboard. 

 

SPECIMEN COLLECTION AND HANDLING 

Suitable Specimens 

Serum and plasma are acceptable specimens. The National Cholesterol Education Program 

(NCEP) recommends using fasting specimens.1 

• Serum: Use serum collected by standard venipuncture techniques into glass or plastic tubes 

with or without gel barriers. Ensure complete clot formation has taken place prior to 

centrifugation. Separate serum from red blood cells or gel as soon after collection as possible. 
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Some specimens, especially those from patients receiving anticoagulant or thrombolytic therapy, 

may take longer to complete their clotting processes. Fibrin clots may subsequently form in these 

sera and the clots could cause erroneous test results. 

• Plasma: Use plasma collected by standard venipuncture techniques into glass or plastic tubes. 

Acceptable anticoagulants are lithium heparin (with or without gel barrier) and sodium heparin. 

Ensure centrifugation is adequate to remove platelets. Separate plasma from red blood cells or 

gel as soon after collection as possible. 

SPECIMEN COLLECTION AND HANDLING  

 Specimen Storage 

Serum and plasma 

Temperature                  Maximum Storage 

20 to 25°C---------------------> 2 days5 

 2 to 8°C----------------------- > 7 days 5,6 

 -20°C-------------------------- >1 year 5 

Guder et al.10 suggest storage of frozen specimens at -20°C for no longer than the time interval 

cited above. However, limitations of laboratory equipment make it necessary in practice for 

clinical laboratories to establish a range around -20°C for specimen storage. This temperature 

range may be established from either the freezer manufacturer’s specifications or your laboratory 

standard operating procedure(s) for specimen storage. 

NOTE: Stored specimens must be inspected for particulates. If present, mix and centrifuge the 

specimen to remove particulates prior to testing. 

BIBLIOGRAPHY 
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Appendix-5 

Ultra HDL 

This package insert contains information to run the Ultra HDL assay on the ARCHITECT c 

SystemsTM and the AEROSET System. 

INTENDED USE 

The Ultra HDL (UHDL) assay is used for the quantitation of high-density lipoprotein (HDL) 

cholesterol in human serum or plasma. 

SUMMARY AND EXPLANATION OF TEST 

Plasma lipoproteins are spherical particles containing varying amounts of cholesterol, 

triglycerides, phospholipids, and proteins. Phospholipids, free cholesterol, and proteins constitute 

the outer surface of the lipoprotein particle, while the inner core contains mostly esterified 

cholesterol and triglyceride. These particles serve to solubilize and transport cholesterol and 

triglyceride in the bloodstream. 

The relative proportions of protein and lipid determine the density of these lipoproteins and 

provide a basis on which to begin their classification.1 The classes are: chylomicron, very-low-

density lipoprotein (VLDL), low-density lipoprotein (LDL), and high-density lipoprotein (HDL). 

Numerous clinical studies have shown that the different lipoprotein classes have very distinct 

and varied effects on coronary heart disease risk.2 
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The principle role of HDL cholesterol in lipid metabolism is the uptake and transport of 

cholesterol from peripheral tissues to the liver through a process known as reverse cholesterol 

transport (a proposed cardioprotective mechanism).3 Low HDL cholesterol levels are strongly 

associated with an increased risk of coronary heart disease.4-7 

Hence, the determination of serum HDL cholesterol is a useful tool in identifying high-risk 

patients. The Adult Treatment Panel of the National Cholesterol Education Program (NCEP) 

recommends that in all adults 20 years of age and over, a fasting lipoprotein profile (total 

cholesterol, LDL cholesterol, HDL cholesterol, and triglyceride) should be obtained once every 

five years to screen for coronary heart disease risk.8 

PRINCIPLES OF PROCEDURE 

The Ultra HDL assay is a homogeneous method for directly measuring HDL cholesterol 

concentrations in serum or plasma without the need for off-line pretreatment or centrifugation 

steps. 

The method uses a two-reagent format and depends on the properties of a unique detergent. This 

method is based on accelerating the reaction of cholesterol oxidase (CO) with non-HDL 

unesterified cholesterol and dissolving HDL cholesterol selectively using a specific detergent. In 

the first reagent, non-HDL unesterified cholesterol is subject to an enzyme reaction and the 

peroxide generated is consumed by a peroxidase reaction with DSBmT yielding a colorless 

product. The second reagent consists of a detergent (capable of solubilizing HDL cholesterol), 

cholesterol esterase (CE), and chromagenic coupler to develop color for the quantitative 

determination of HDL cholesterol. 

Methodology: Accelerator Selective Detergent. 

REAGENTS 

Reagent Kit 

REF 3K33 Ultra HDL is supplied as a liquid, ready-to-use, two-reagent kit which contains: 

R1 4 x 84 mL 

R2 4 x 32 mL 

Estimated tests per kit: 1,440 
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Calculation is based on the minimum reagent fill volume per kit. 

Reactive Ingredients                                                     Concentration 

R1 Cholesterol oxidase (E. coli) ------------------------- > < 1,000 U/L 

Peroxidase (Horseradish)----------------------------------- > < 1,300 ppg U/L 

N, N-bis (4-sulphobutyl)-m-toluidine-disodium--------- > < 1.0 mmol/L 

 (DSBmT) 

Accelerator------------------------------------------------------ > < 1.0 mmol/L 

Ascorbic oxidase (Curcubita sp.) -----------------------------> < 3,000 U/L 

R2 Cholesterol esterase (Pseudomonas sp.) ---------------- > < 1,500 U/L 

4-Aminoantipyrine ---------------------------------------------- > < 0.1% 

Detergent----------------------------------------------------------- > < 2.0% 

The Ultra HDL reagent is certified as traceable to the HDL cholesterol designated comparison 

method, covering the NCEP medical decision points, by the CDC-Certified Cholesterol 

Reference Method Laboratory Network (CRMLN). 

REAGENT HANDLING AND STORAGE 

Reagent Handling 

Remove air bubbles, if present in the reagent cartridge, with a new applicator stick. 

Alternatively, allow the reagent to sit at the appropriate storage temperature to allow the bubbles 

to dissipate. To minimize volume depletion, do not use a transfer pipette to remove the bubbles. 

CAUTION: Reagent bubbles may interfere with proper detection of reagent level in the 

cartridge, causing insufficient reagent aspiration which could impact results. 

Reagent Storage 

• Unopened reagents are stable until the expiration date when stored at 2 to 8°C. 

• DO NOT FREEZE. 

• Protect reagents from direct sunlight. 
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• Reagent stability is 28 days if the reagent is uncapped and onboard. 

Indications of Deterioration 

• Quality control results outside of the acceptance criteria defined by your   laboratory. 

• Presence of turbidity. 

SPECIMEN COLLECTION AND HANDLING 

Suitable Specimens 

Serum and plasma are acceptable specimens. The National Cholesterol Education Program 

(NCEP) recommends using fasting specimens for 

a lipoprotein profiles. If the specimen is nonfasting, only the values for total cholesterol and 

HDL cholesterol are usable.9 

• Serum: Use serum collected by standard venipuncture techniques into glass or plastic tubes 

with or without gel barriers. Ensure complete clot formation has taken place prior to 

centrifugation. When processing samples, separate serum from blood cells or gel according to 

the specimen collection tube manufacturer’s instructions. 

Some specimens, especially those from patients receiving anticoagulant or thrombolytic therapy, 

may take longer to complete their clotting processes. Fibrin clots may subsequently form in these 

sera and the clots could cause erroneous test results. 

• Plasma: Use plasma collected by standard venipuncture techniques into glass or plastic tubes. 

Acceptable anticoagulants are sodium heparin, lithium heparin (with or without gel barrier), and 

spray-dried EDTA. * Ensure centrifugation is adequate to remove platelets. When processing 

samples, separate plasma from blood cells or 

gel according to the specimen collection tube manufacturer’s instructions. 

*NOTE: Lower HDL cholesterol results obtained from EDTA plasma have been attributed to an 

osmotic dilution effect. The NCEP has suggested multiplying EDTA plasma results by a factor 

of 1.03 to correct the EDTA result to a serum equivalent value.10 
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SPECIMEN COLLECTION AND HANDLING  

Specimen Storage 

Serum and Plasma 

Temperature                     Maximum Storage 

20 to 25°C---------------------> 2 days5 

 2 to 8°C----------------------- > 7 days 5,6 

 -20°C-------------------------- >1 year 5 

Guder et al.10 suggest storage of frozen specimens at -20°C for no longer than the time interval 

cited above. However, limitations of laboratory equipment make it necessary in practice for 

clinical laboratories to establish a range around -20°C for specimen storage. This temperature 

range may be established from either the freezer manufacturer’s specifications or your laboratory 

standard operating procedure(s) for specimen storage. 

NOTE: Stored specimens must be inspected for particulates. If present, mix and centrifuge the 

specimen to remove particulates prior to testing. 
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APPENDIX-6 

 
Human Chitinase-3-like Protein 1 ELISA Kit 

Cat.No E2063Hu 

Standard Curve Range: 1-400ng/ml 

Sensitivity: 0.61ng/ml 

Size: 96 wells / 48 wells 

Storage: Store the reagents at 2-8°C. For over 6-month storage refer to the expiration date keep 

it at -20°C. 

Avoid repeated thaw cycles. If individual reagents are opened it is recommended that the 

kit be used within 1 month. *This product is for research use only, not for use in diagnosis 

procedures. It’s highly recommended to read this instruction entirely before use.  

Precision Intra-Assay Precision (Precision within an assay) Three samples of known 

concentration were tested on one plate to assess intra-assay precision. Inter-Assay Precision 

(Precision between assays) Three samples of known concentration were 

tested in separate assays to assess inter-assay precision. CV(%) = SD/mean x 100 

Intra-Assay: CV<8% 

Inter-Assay: CV<10% 



 

P 
 

Intended Use This sandwich kit is for the accurate quantitative detection of Human Chitinase-3-

like Protein 1(also known as CHI3L1) in serum, plasma, cell culture supernates, Ascites, tissue 

homogenates or other biological fluids. 

Reagent Provided 

 

Material Required But Not Supplied 

  37°C±0.5°C incubator 

 Absorbent paper 

 Precision pipettes and disposable pipette tips 

 Clean tubes 

 Deionized or distilled water 

 Microplate reader with 450 ± 10nm wavelength filter. 

Precautions 

 Prior to use, the kit and sample should be warmed naturally to room temperature 30 

minutes.  

  This instruction must be strictly followed in the experiment.  

 Once the desired number of strips has been removed, immediately reseal the bag to 

protect the remain from deterioration. Cover all reagents when not in use. 

 Make sure pipetting order and rate of addition from well-to-well when pipetting reagents.  

 Pipette tips and plate sealer in hand should be clean and disposable to avoid cross-

contamination. 

 Avoid using the reagents from different batches together.  

 Substrate solution B is sensitive to light, don’t expose substrate solution B to light for a 

long time. 

 Stop solution contains acid. Please wear eye, hand and skin protection when using this 

material. Avoid contact of skin or mucous membranes with kit reagent.  

 The kit should not be used beyond. 



 

Q 
 

 

Specimen Collection Serum Allow serum to clot for 10-20 minutes at room temperature. 

Centrifuge at 2000-3000 RPM for 20 minutes. Collect the supernatant without sediment.  

Plasma Collect plasma using EDTA or heparin as an anticoagulant.After mix 10-20 minutes, 

centrifuge samples for 20 minutes at 2000-3000 RPM. Collect the supernatant without sediment. 

Urine/Ascites/ Cerebrospinal fluid Collect by sterile tube. Centrifuge at 2000-3000 RPM for 

20 minutes. Collect the supernatant without sediment. Cell culture supernatant Collect by 

sterile tubes. When detecting secrete components, centrifuge at 2000-3000 RPM for 20 minutes. 

Collect the supernatants. When detecting the components in the cell, use PBS (pH 7.2-7.4) to 

dilute cell suspension , the cell concentration of approximately 1 million/ml. Damage cells 

through repeated freeze-thaw cycles to let out the inside components. Centrifuge at 2000-3000 

RPM for 20 minutes. Collect the supernatant without sediment. Tissue Rinse tissues in ice-cold 

PBS (pH 7.4) to remove excess blood thoroughly and weigh before homogenization. Mince 

tissues and homogenize them in PBS (tissue weight (g): PBS (mL) volume=1:9) with a glass 

homogenizer on ice. To further break down the cells, you can sonicate the suspension with an 

ultrasonic cell disrupter or subject it to freeze-thaw cycles. The homogenates are then centrifuged 

for 5 minutes at 5000×g to get the supernatant. 

 

APPENDIX-7 

 

Human Kidney injury molecule 1 ELISA Kit 

Cat.No E1099Hu 

Standard Curve Range: 0.05-10ng/ml 

Sensitivity: 0.01ng/ml 

Size: 96 wells / 48 wells 

Storage: Store the reagents at 2-8°C. For over 6-month storage refer to the expiration date keep it 

at -20°C. Avoid repeated thaw cycles. If individual reagents are opened it is recommended that 

the kit be used within 1 month. *This product is for research use only, not for use in diagnosis 

procedures. It’s highly recommended to read this instruction entirely before use. 

Precision Intra-Assay Precision (Precision within an assay) Three samples of known 

concentration were tested on one plate to assess intra-assay precision. Inter-Assay Precision 

(Precision between assays) Three samples of known concentration were 

tested in separate assays to assess inter-assay precision. CV(%) = SD/mean x 100 

Intra-Assay: CV<8% 

Inter-Assay: CV<10%  
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Intended Use This sandwich kit is for the accurate quantitative detection of kidney injury 

molecule-1 (also known as KIM-1) in serum, plasma, cell culture supernates, Ascites, tissue 

homogenates or other biological fluids. 

 

 

Reagent provided 

 

Material Required But Not Supplied 

  37°C±0.5°C incubator 

 Absorbent paper 

 Precision pipettes and disposable pipette tips 

 Clean tubes 

 Deionized or distilled water 

 Microplate reader with 450 ± 10nm wavelength filter. 

Precautions 

 Prior to use, the kit and sample should be warmed naturally to room temperature 30 

minutes.  

  This instruction must be strictly followed in the experiment.  

 Once the desired number of strips has been removed, immediately reseal the bag to 

protect the remain from deterioration. Cover all reagents when not in use. 

 Make sure pipetting order and rate of addition from well-to-well when pipetting reagents.  

 Pipette tips and plate sealer in hand should be clean and disposable to avoid cross-

contamination. 

 Avoid using the reagents from different batches together.  

 Substrate solution B is sensitive to light, don’t expose substrate solution B to light for a 

long time. 

 Stop solution contains acid. Please wear eye, hand and skin protection when using this 

material. Avoid contact of skin or mucous membranes with kit reagent.  
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 The kit should not be used beyond. 

 

Specimen Collection Serum Allow serum to clot for 10-20 minutes at room temperature. 

Centrifuge at 2000-3000 RPM for 20 minutes. Collect the supernatant without sediment.  

Plasma Collect plasma using EDTA or heparin as an anticoagulant.After mix 10-20 minutes, 

centrifuge samples for 20 minutes at 2000-3000 RPM. Collect the supernatant without sediment. 

Urine/Ascites/ Cerebrospinal fluid Collect by sterile tube. Centrifuge at 2000-3000 RPM for 

20 minutes. Collect the supernatant without sediment. Cell culture supernatant Collect by 

sterile tubes. When detecting secrete components, centrifuge at 2000-3000 RPM for 20 minutes. 

Collect the supernatants. When detecting the components in the cell, use PBS (pH 7.2-7.4) to 

dilute cell suspension , the cell concentration of approximately 1 million/ml. Damage cells 

through repeated freeze-thaw cycles to let out the inside components. Centrifuge at 2000-3000 

RPM for 20 minutes. Collect the supernatant without sediment. Tissue Rinse tissues in ice-cold 

PBS (pH 7.4) to remove excess blood thoroughly and weigh before homogenization. Mince 

tissues and homogenize them in PBS (tissue weight (g): PBS (mL) volume=1:9) with a glass 

homogenizer on ice. To further break down the cells, you can sonicate the suspension with an 

ultrasonic cell disrupter or subject it to freeze-thaw cycles. The homogenates are then centrifuged 

for 5 minutes at 5000×g to get the supernatant. 

 

Appendix-8 

Human neutrophil gelatinase-associated lipocalin ELISA Kit 

Cat.No E1719Hu 

Standard Curve Range: 5-600ng/ml 

Sensitivity: 2.01ng/ml 

Size: 96 wells / 48 wells 

Storage: Store the reagents at 2-8°C. For over 6-month storage refer to the expiration date keep it 

at -20°C. Avoid repeated thaw cycles. If individual reagents are opened it is recommended that 

the kit be used within 1 month. *This product is for research use only, not for use in diagnosis 

procedures. It’s highly recommended to read this instruction entirely before use.             

Precision Intra-Assay Precision (Precision within an assay) Three samples of known 

concentration were tested on one plate to assess intra-assay precision. Inter-Assay Precision 

(Precision between assays) Three samples of known concentration weretested in separate assays 

to assess inter-assay precision. CV(%) = SD/mean x 100  

Intra-Assay: CV<8% 

Inter-Assay: CV<10%  



 

T 
 

Intended Use This sandwich kit is for the accurate quantitative detection of Human neutrophil 

gelatinase-associated lipocalin (also known as NGAL) in serum, plasma, cell culture supernates, 

Ascites, tissue homogenates or other biological fluids. 

Reagent provided 

 

Material Required But Not Supplied 

  37°C±0.5°C incubator 

 Absorbent paper 

 Precision pipettes and disposable pipette tips 

 Clean tubes 

 Deionized or distilled water 

 Microplate reader with 450 ± 10nm wavelength filter. 

Precautions 

 Prior to use, the kit and sample should be warmed naturally to room temperature 30 

minutes.  

  This instruction must be strictly followed in the experiment.  

 Once the desired number of strips has been removed, immediately reseal the bag to 

protect the remain from deterioration. Cover all reagents when not in use. 

 Make sure pipetting order and rate of addition from well-to-well when pipetting reagents.  

 Pipette tips and plate sealer in hand should be clean and disposable to avoid cross-

contamination. 

 Avoid using the reagents from different batches together.  

 Substrate solution B is sensitive to light, don’t expose substrate solution B to light for a 

long time. 

 Stop solution contains acid. Please wear eye, hand and skin protection when using this 

material. Avoid contact of skin or mucous membranes with kit reagent.  
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 The kit should not be used beyond. 

 

Specimen Collection Serum Allow serum to clot for 10-20 minutes at room temperature. 

Centrifuge at 2000-3000 RPM for 20 minutes. Collect the supernatant without sediment.  

Plasma Collect plasma using EDTA or heparin as an anticoagulant.After mix 10-20 minutes, 

centrifuge samples for 20 minutes at 2000-3000 RPM. Collect the supernatant without 

sediment. Urine/Ascites/ Cerebrospinal fluid Collect by sterile tube. Centrifuge at 2000-

3000 RPM for 20 minutes. Collect the supernatant without sediment. Cell culture 

supernatant Collect by sterile tubes. When detecting secrete components, centrifuge at 

2000-3000 RPM for 20 minutes. Collect the supernatants. When detecting the components in 

the cell, use PBS (pH 7.2-7.4) to dilute cell suspension , the cell concentration of 

approximately 1 million/ml. Damage cells through repeated freeze-thaw cycles to let out the 

inside components. Centrifuge at 2000-3000 RPM for 20 minutes. Collect the supernatant 

without sediment. Tissue Rinse tissues in ice-cold PBS (pH 7.4) to remove excess blood 

thoroughly and weigh before homogenization. Mince tissues and homogenize them in PBS 

(tissue weight (g): PBS (mL) volume=1:9) with a glass homogenizer on ice. To further break 

down the cells, you can sonicate the suspension with an ultrasonic cell disrupter or subject it 

to freeze-thaw cycles. The homogenates are then centrifuged for 5 minutes at 5000×g to get 

the supernatant. 
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:الملخص  

 **الخلفية:** 

عب نمو ية. يلالأكياس الكلوية الثنائان مرض الكلى المتعدد الكيسات هو اضطراب يتميز بتطور العديد من 

 الأكياس مارسهتالأكياس دورًا مهمًا في تقدم مرض الكلى المتعدد الكيسات الوراثي، وقد يؤدي الضغط الذي 

 .١المتضخمة على الأنابيب الكلوية المجاورة إلى زيادة تعبير جزيء إصابة الكلى 

المتعدد  ادة خطر تقدم مرض الكلى في مرض الكلىفي البول إلى زي ١قد يشير وجود جزيء إصابة الكلى  

كلى السليمة ويتم بشكل كبير في أنسجة ال ٣الشبيه بالكتيناز  ١الكيسات الوراثي. يتم التعبير عن البروتين 

لبلاعم المنشطة في اأيضًا بواسطة  ٣الشبيه بالكتيناز  ١ترشيحه بحرية عن طريق الكبيبة. يتم إفراز البروتين 

نبوبية ارية الأا الظهحدوث إجهاد أو تلف. يفرز الليبوكالين المرتبط بالجيلاتيناز العدلي من الخلايالكلى عند 

قد وة الكلى إصاب بعد حدوث تلف و يرتبط مستوى التعبير عن الليبوكالين المرتبط بالجيلاتيناز العدلي بدرجة

 ي وظيفة الكلى.يساعد في التمييز بين المرضى الذين هم في خطر أعلى لتدهور أسرع ف

ي ية، والتتقليدهناك حاجة لتطوير علامات تنبؤية جديدة، سواء كانت منفردة أو بالاشتراك مع العلامات ال 

لرئيسي الهدف يمكن أن تتنبأ بمعدل تقدم المرض في مرض الكلى المتعدد الكيسات الوراثي، وبالتالي كان ا

هاب في والت علامات التلف الأنبوبي والضرر القريب من هذه الدراسة تحديد ما إذا كانت هناك علاقة بين

 البول مع تقدم مرضى الكلى المتعدد الكيسات أم لا.

 **الطرق:**

 امًا. تمعانين شملت الدراسة المقطعية خمسة وثمانين مشاركًا تتراوح أعمارهم بين سبع سنوات وأربعة وثم 

معدل  ات فيلوراثي الذي تم التعبير عنه كتغيرتشخيص جميع المرضى بتقدم مرض الكلى المتعدد الكيسات ا

الصائغ  مركز والترشيح الكبيبي أو حجم الكلى الكلي. أجريت الدراسة في مستشفى الحسن المجتبى التعليمي 

 لأمراض وزرع الكلى في مدينة كربلاء. 

لتلف علامات الي( والعدفي بداية الدراسة، تم قياس العلامات الالتهابية )الليبوكالين المرتبط بالجيلاتيناز 

ار الممتز المناعي ( في المصل باستخدام اختب٣الشبيه بالكتيناز  ١والبروتين  ١الأنبوبي )جزيء إصابة الكلى 

 وت. المرتبط بالإنزيم، في حين تم تحليل الملف الدهني في المصل باستخدام جهاز من مختبرات أب

ي ت الوراثلكيسالعلامات الحيوية مع مرض الكلى المتعدد اتم إجراء تحليلات الفروق في المتوسطات لتقييم ا

 والتقدم و تقييم كفاءة القيمة التنبؤية باستخدام منحنى الخصائص التشغيلية للمستقبل.
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 **النتائج:** 

ً عبر مراحل معدل الترشيح الكبيب ١لوحظ أن متوسط مستوى جزيء إصابة الكلى  ي، حيث يزداد تدريجيا

(. ٠.٥ ± ١.٧( وأدنى مستوى في المرحلة الأولى )١.٥±  ٤.٣في المرحلة الرابعة ) لوحظ أعلى مستوى

الأكثر شدة  الأعلى وتدهور وظيفة الكلى ١وهذا يشير إلى ارتباط محتمل بين مستويات جزيء إصابة الكلى 

 )انخفاض معدل الترشيح الكبيبي(. 

ستوى كان في بالجيلاتيناز العدلي أن أعلى م، أظهر الليبوكالين المرتبط ١على غرار جزيء إصابة الكلى 

. بالنسبة (٠.٦±  ١.٨(، ولكن هناك انخفاض كبير في المرحلة الثالثة ب )٢.٦±  ٥.٢المرحلة الرابعة )

يع مراحل معدل ، أظهرت النتائج أن المستويات تبدو مرتفعة نسبياً عبر جم٣الشبيه بالكتيناز  ١للبروتين 

تبط بالجيلاتيناز والليبوكالين المر ١(. يتمتع كل من جزيء إصابة الكلى ٤.٧ – ١.٧الترشيح الكبيبي )حوالي 

ون ذين يعانضى الالعدلي بقيم عالية لمنطقة تحت المنحنى، مما يشير إلى أداء عام جيد في التمييز بين المر

وكالين لليباع من المرحلة الرابعة من مرض الكلى المزمن بين مرض الكلى المتعدد الكيسات الوراثي. يتمت

 ١ة الكلى %( مقارنة بجزيء إصاب٨٠.٥المرتبط بالجيلاتيناز العدلي بقيمة أعلى لمنطقة تحت المنحنى )

إصابة الكلى  %( من جزيء٧١.٤%(. يتمتع الليبوكالين المرتبط بالجيلاتيناز العدلي بحساسية أعلى )٧٩.١)

(.٥٧.١) ١% 

ين مرضى الذلى العاز العدلي أكثر احتمالًا للتعرف بشكل صحيح هذا يعني أن الليبوكالين المرتبط بالجيلاتين

 بينما يتمتع يعانون من المرحلة الرابعة من مرض الكلى المزمن في مرض الكلى المتعدد الكيسات الوراثي.

ز العدلي %( مقارنة بالليبوكالين المرتبط بالجيلاتينا٩٩بخصوصية أعلى بكثير ) ١جزيء إصابة الكلى 

(٩١ .)% 

ن بعة مير الخصوصية إلى احتمالية التعرف الصحيح على المرضى الذين لا يعانون من المرحلة الراتش

 مرض الكلى المزمن في مرض الكلى المتعدد الكيسات الوراثي.

 

 **الاستنتاجات:** 

فة ظية لمراقبة ووالليبوكالين المرتبط بالجيلاتيناز العدلي أدوات قيم ١قد يكون كل من جزيء إصابة الكلى 

 بي. الكلى لدى مرضى مرض الكلى المتعدد الكيسات الوراثي، خاصة مع انخفاض معدل الترشيح الكبي

العدلي، قد  ازوالليبوكالين المرتبط بالجيلاتين ١من خلال تتبع التغيرات في مستويات جزيء إصابة الكلى 

لكيسات عدد ايتمكن العاملون في الرعاية الصحية من اكتساب رؤى حول تقدم تلف الكلى في مرض الكلى المت

 الوراثي. 

بعض الفائدة، فإن ارتباطه الأضعف مع معدل الترشيح الكبيبي  ٣الشبيه بالكتيناز  ١بينما قد يكون للبروتين 

ير إلى أنه قد يكون أقل ملاءمة لمراقبة وظيفة الكلى في هذا في مرض الكلى المتعدد الكيسات الوراثي يش

 .السياق المحدد
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