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Abstract 

In vitro and in vivo models of renal ischemia reperfusion 

injury  
 

Zinah Dheyaa Zwaini 

Successful kidney transplantation is a life-saving procedure to patients with irreversible 

chronic renal failure. Despite the presence of various obstacles facing this surgery, 

preserving donor kidney and consequent ischemia reperfusion injury (IRI) are still major 

challenges affecting renal function as well as prognosis of transplant surgery. 

This study pursued two main aims: firstly, characterising changes in damage associated 

inflammatory gene expressions through developing, and analysis of an in vitro model of 

proximal tubular epithelial cells (PTEC) of normal human kidney mimicking renal IRI in 

vivo. The second aim was to simulate the concurrence of factors relevant to human 

intervention (renoprotective anaesthesia, peri- and postoperative analgesia, volume 

substitution) in mice deficient of properdin and congenic controls and to allow long-term 

observation of renal outcome after IRI. 

In this study, a reproducible and standardisable in vitro model was developed. It 

demonstrated the complexity of signalling where a multitude of factors affects the target 

cells. Secondly, the use of congenic properdin deficient mice showed that properdin has 

a significant role to play in renal injury (and recovery). There was significant impairment 

in renal function (and structure) compared to wildtype mice after IRI. 
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1.1 Anatomy of kidney 

Grossly, kidneys are pair of bean-shaped organs that rest over the posterior abdominal 

wall on both sides of the vertebral column and behind the peritoneum (retroperitoneal 

structure) which envelopes the abdominal organs. In adults, their measurements are about 

10 cm x 5 cm x 2.5 cm. The weight of each kidney is about 150 g and equals to about 

0.2% of total body weight. They are protected posteriorly by the lower part of the thoracic 

cage and anteriorly by the abdominal viscera and are enclosed by the renal fascia (Nielsen 

et al, 2012; Fogo et al, 2014). 

The cortex, medulla and collecting system are the main parts of each kidney and can be 

identified macroscopically. A section through the kidney shows an external thin 

membrane called renal capsule. Next, the cortex, which is a pale granulated area of 15 

mm thickness where glomeruli and convoluted tubules can be localised. Deeper to the 

cortex is a reddish- brown area, the medulla, consisting of 8-18 triangular shape structures 

named pyramids. Strips of connective tissue (the columns of Bertin) separate these 

pyramids where their bases face the cortex while apices direct toward collecting system 

forming medullary papilla. The renal lobe represents the area between two adjacent Bertin 

columns and including one medullary pyramid and the related cortex. Thirdly, a pool for 

collecting the produced urine with its extensions is called the renal pelvis, a funnel 

dilation at the beginning of the ureter, and these extensions are termed major (2-3) and 

minor (3-4) calyces (Fogo et al, 2014). This macroscopic distinction is necessary to 

prepare mouse renal tubular epithelial cells. 

Each kidney receives its blood supply (20% of cardiac output to both kidneys) directly 

from aorta through a single renal artery where it gives posterior and anterior branches at 

the hilum before they enter kidney and subdivide into inter-lobar arteries where they run 

between lobes. At the cortico-medullary area, arcuate branches are formed from inter-

lobar arteries where they divide further into multiple intralobular arteries. The latter direct 

toward the renal capsule forming afferent arterioles that end with sac-like assembly of 

capillaries (glomerulus). Efferent tubules are developed from glomerular capillaries 

before branching again developing new glomerulus, giving rise to interstitial capillaries 

around tubules, or emerging medulla and supply it through vasa recta. The last two forms 

of capillaries merge forming interlobular veins where renal venous system starts. Renal 
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venous vasculature chases the arterial one in size and distribution and ends with formation 

of several renal veins that extend out of the kidney, and drains to the inferior vena cava 

(Nielsen et al, 2012).  

 

1.1.1 Histology  

Microscopically, the uriniferous tubule is the functional unit of the kidney; it constitutes 

a nephron and a collecting tubule. The nephron, which number about 1 million in each 

kidney, forms from the capillary bed (glomerulus) and tubular system. A distended end 

of the tubular system is fashioned to a cup shape that encases the capillary knot. This 

tubular cup is called Bowman’s capsule and together with the enveloped capillaries is 

named the renal corpuscle. Bowman’s capsule is connected to about 3 cm looped tubules 

(proximal convoluted tubule, loop of Henle, and distal convoluted tubule). Although 

some nephrons are found in the medulla, the majority are located in the cortex. However, 

the medulla contains the collecting ducts that divert urine from the nephrons on its way 

to the calyces (Nielsen et al, 2012; Fogo et al, 2014). 

Histologically, the inner surface of Bowman’s capsule that faces the glomerulus (visceral 

layer) is composed of podocytes, the key in the glomerulus filtration barrier through their 

unique features and complicated architecture. They are responsible for the selective 

permeability of the barrier. This gives them the importance in sustaining kidney function 

and preserving the integrity of the kidney (Pavenstadt, Kriz and Kretzler, 2003). 

 

1.1.2 Proximal convoluted tubule (PCT) 

Bowman’s capsule is drained to the proximal tubule, which denotes the first part of the 

renal tubule. It is divided into convoluted and straight regions that are named the proximal 

convoluted tubule and pars recta respectively. Both are structured from single layer of 

cuboidal cells with microvilli cover the apex of the cells and line the lumen (simple 

cuboidal epithelial tissue). Although the brush border is not visualised routinely under 

microscope, it gives an indistinct border that characterises the proximal tubule from the 

rest of renal tubules (loop of Henle and distal tubule). Another microscopic feature for 

the PCT is that cells look like a sheet of cytoplasm studded irregularly with nuclei as a 
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consequence to inter-digitation of plasma membrane of neighbouring cells (Fogo et al, 

2014). 

 

1.1.3 Function of proximal convoluted tubule (PCT) 

Urine production passes through three main processes (filtration, reabsorption and 

secretion respectively). The PCT have a noticeable role in reabsorption where they are 

responsible for reabsorption of approximately 2/3 of filtrates entering the renal system. 

Actively, sodium is transferred from the lumen of the PCT to the blood while chloride 

ions and PO4
3- move out passively under the influence of their electrical charge. 

Eventually, an osmosis imbalance from sodium and chloride transportation will oblige 

the water to leave the PCT lumen to the blood vessel. Consequently, the lack of water and 

electrolyte will increase the concentration of the filterate (especially urea) in the PCT 

leading it to diffuse passively to the blood vessel. Lastly, glucose and amino acids are 

passively moved out using sodium co-transport mechanism (Bakris et al, 2009) 

Wilkinson et al., (2011) emphasised that autologous immune reaction is controlled by 

human PTEC through its effect on T and B lymphocyte responses. In the same manner, 

Kassianos et al, (2013) suggested that the immune modulatory function of human PTEC 

is through an interaction between the dendritic cells, which have major impact on the 

immune system, and the activated PTEC in the context of inflammation. This may inhibit 

the pro-inflammatory reaction inside kidney tissue in many renal diseases of immune-

related pathology, which may place tremendous impact on treatment of renal diseases 

(Wilkinson et al, 2011; Kassianos et al, 2013).  
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1.2 Kidney transplantation 

1.2.1 End stage renal diseases (ESRD) 

Kidneys may suffer from insults due to either unknown cause (primary) or secondary to 

various causes (such as diabetes mellitus, hypertension and infection). These may result 

in: (i) acute kidney injury where a sudden deterioration in renal function (within 48 h) is 

noticed with decrease urine output to 0.5 ml/kg/h (oliguria) for 6 hours or elevation of 

serum creatinine above normal with equal or more than 50%. (ii) Chronic kidney disease 

(CKD), which refers to kidneys that suffer from abnormal function and/ or structure. CKD 

is classified into 5 stages according to the level of glomerular filtration rate (GFR) and 

presence of protein in urine (proteinuria). Lastly, CKD may ends with (iii) end stage renal 

disease, an irreversible persistent decline in renal function, when kidneys cannot meet the 

body’s requirements and necessitate renal replacement therapy (RRT) (Gilg et al, 2011). 

Several reports have stated that numbers of patients with end stage renal disease (ESRD) 

have dramatically increased all over the world during the last twenty years. While 6-8.5% 

of adults in UK have stages 3-5 CKD (Kerr et al, 2012), in India, about 80.000 new 

patients are diagnosed with ESRD each year (Gopalakrishnan and Gourabathini, 2007). 

In 2009, an annual report from the United State renal data system stated that numbers of 

ESRD patients in the United State were increased by 20% during the ten years till 2008 

(Binnani, Gandhi and Bahadur, 2012). 

Renal replacement therapy (RRT) is the only choice for patients with ESRD where patient 

cannot survive without it (Gilg et al, 2011). It could be either by dialysis (both peritoneal 

and haemodialysis) or through implanting a new kidney donated from another human 

(allograft kidney transplantation). Kidney transplantation is beyond dispute superior to 

both types of dialysis because of the lower morbidity and long-term mortality, better life 

style and less financial burdening (De Rosa, Muscogiuri and Sarno, 2013). 
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1.2.2 Complication of Kidney transplantation 

1.2.2.1 Infection 

The mortality and morbidity rates due to infection within one year after transplant surgery 

have declined significantly from 50% before 1980 compared to less than 5% in 2006. 

However, various infections still have a major impact on surgical success rate. Wound of 

surgery, skin and soft tissue, urinary tract, central venous line infection, and respiratory 

tract (mainly pneumonia) infections as well as bacteraemia are recorded after transplant 

surgery. Additionally, opportunistic infections such as cytomegalovirus and herpes zoster 

are frequently noticed that may end with Kapossi’s sarcoma (due to herpes type 8 

infection). Nevertheless, the revolution in immunosuppressant drugs and new 

antimicrobial protocols lead to substantial decline in infection rates in recent years 

(Alangaden et al, 2006; Hosseini‐Moghaddam et al, 2012). 

 

1.2.2.2 Vascular complications 

These are usually related to both renal artery and vein thrombosis that occur earlier and 

may result in renal transplant failure. Another frequently noticed complication is renal 

artery stenosis, which could be repaired via endovascular intervention. Other late 

complication such as biopsy-induced vascular injuries, pseudo-aneurysm formation, and 

hematomas are infrequent (Ojo, 2006).  

 

1.2.2.3 Cardiovascular complications 

Patients who undertake kidney transplant surgery are 50 times more likely to develop 

cardiovascular diseases (CVD) than healthy people. Anaemia, elevated serum C-reactive 

protein, proteinuria, renal dysfunction and immune suppressant drugs are risk factors that 

increase morbidity and mortality from CVD. These complications, which are mainly due 

to atheroma development, are of four categories (according to ERA-EDTA records). The 

most common and fatal groups are coronary artery diseases (CAD) and left ventricular 

hypertrophy (LVH) in addition to cerebrovascular and peripheral vascular diseases  

(Briggs, 2001; Ojo, 2006). 
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1.2.2.4 Gastrointestinal Complications 

It has been reported that gastro-intestinal intolerance (diarrhoea is a common symptom 

mainly during the first year post-transplant). This is usually a side effect of the immune-

suppressant drugs such as mycophenolate mofetil (MMF) (Vanhove et al, 2013).  

 

1.2.2.5 Urological complications 

These are mainly ureteral- related such as urinary leaking, ureteral stenosis and vesico-

ureteral reflux (VUR). It occurs after transplant surgery in 2.5% to 14.1% of patients. 

Excessive dissection, which results in ureteral necrosis, may be one of the most common 

causes of such complication (Slagt et al, 2014).  

 

1.2.3 Ischemic injury 

In 1975, Jennings et al., defined ischemia in tissue as reduction in blood supply to that 

tissue due to arterial stenosis or obstruction resulting in depression in perfusion pressure 

as well as insufficient oxygen supply (Jennings, Ganote and Reimer, 1975). Ischemia can 

affect various body tissues or organs participating in fatal diseases such as coronary artery 

diseases (CAD), cerebrovascular accidents (CVA), renal failure as well as its potential 

role in pathogenesis of malignancy (Eickelberg et al, 2002). Hypoxia (low oxygen 

supply), nutrient depletion (starvation), hypercapnia (high level of CO2) and 

accumulation of waste products are the main cause of ischemic injury (Eickelberg et al, 

2002; Russ, Haberstroh and Rundell, 2007).  

 

1.2.3.1 Hypoxia  

The production of adenosine triphosphate (ATP) in mitochondria depends on molecular 

oxygen. It is provided during normoxia when oxygen concentration is around 20% in the 

cellular environment. Hypoxia arises when oxygen supply falls below tissue requirements 

with oxygen concentrations range between 0.1% and 10% (Kumar and Choi, 2015). 

Hypoxia obliges cells to get energy from breaking down glucose (glycolysis) via 

anaerobic pathway. As the generated energy from this glycolysis is enormously less than 
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that of aerobic pathway (2 vs around 32 mol ATP/ mol glucose), persistent hypoxia will 

damage cells (Russ, Haberstroh and Rundell, 2007). Injured cell responds to acute 

hypoxia via serial changes in protein production while chronic ischemia results in 

alterations in gene expression. However, hypoxia does not only compromise metabolic 

activity but also oxygen-sensitive gene transcription (Semenza, 2000; Ziello, Jovin and 

Huang, 2007). Of these, HIF-1 is a hetrodimeric DNA binding transcription that is 

classically called ARNT (Aryl hydrocarbon nuclear receptor translocator). It presents in 

two forms (alpha and beta) and both these subunit proteins have PerARNT – Sim and 

double basic Helix- Loop- Helix proteins (bHLH) which are responsible for dimerization 

through DNA binding. More recently, another two subtypes of HIF have been added to 

the bHLH-PAS family, these are HIF-2α and HIF-3α (Semenza, 2000; Kumar and Choi, 

2015). 

Fundamentally, oxygen tension in tissues steers the HIF-1α pathway. Therefore, in 

normal oxygen level HIF-1α is eliminated via direct binding to a protein named von 

Hippel-Lindau tumor suppressor (pVHL). Meanwhile, hypoxia precludes the above 

binding process leading to HIF-1α assembly. HIF-1α is an organizer to many O2 sensitive 

gene targets. Hence, its relationship to erythropoietin production has been identified in 

addition to other regulatory functions (Ziello, Jovin and Huang, 2007; Ke and Costa, 

2006). 
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Figure 1-1: A diagram illustrating the relation between HIF-1α and erythropoietin (EPO) 

 

1.2.3.2 Nutrient depletion 

Additionally, lack of blood supply will lead to decrease substrates delivery (such as 

glucose) to affected tissues resulting in starvation (Russ, Haberstroh and Rundell, 2007). 

This was proved by a study on murine cardiac cells that showed a reduction in blood flow 

reduces nutrient delivery by about 50 fold (Lloyd et al, 2004). 

 

1.2.4 Ischemia reperfusion injury (IRI) 

A state of ischemia/ reperfusion refers a situation in which the blood supply to tissues or 

organs is restored after a previous reduction in blood flow reaching those tissues or organs 

(Eltzschig and Eckle, 2011; Gorsuch et al, 2012). Although ischemia elicits sequences of 

damages due to tissue hypoxia because the supplements do not meet the metabolic 

requirements of that tissue, unexpectedly, reperfusion may lead to more tissue damage 

and often enhances the inflammatory reaction in the reperfused tissue producing what is 

called ischemia/ reperfusion injury (IRI) (Eltzschig and Eckle, 2011). IRI could be the 

result for a variety of clinical problems like sepsis, infarction and graft rejection (van der 

Pol et al, 2012). It may affect one organ (bowels and kidneys), lead to multiple organ 

failure (after trauma) or occur after surgery (compartment syndrome of limbs) (Eltzschig 

and Eckle, 2011; Gorsuch et al, 2012) with a very high morbidity and mortality. 
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1.2.5 Renal IRI  

Renal ischemia reperfusion injury is an inevitable event during kidney transplantation 

that occurs during the period from harvesting the donated kidney until connecting renal 

vessels to recipient’s (artery and vein). Thereafter, studies were directed toward 

understanding the molecular signalling behind the various injurious mechanisms. 

PTEC are more liable to ischemia because of the diversity in renal functions including 

active ion transportation as well as presence of mitochondria abundantly inside PTEC 

converted kidneys to a highly demanding organs that deplete 7% of total daily generated 

energy in order to perform their functions normally (Lin, Wang and Hill, 2014).  

Combinatorial effects of renal IRI, which are oxygen/ nutrient deprivation and 

accumulation of waste products, result in acute kidney injury (AKI) as well as launch a 

defensive repair mechanism simultaneously. To start with, disproportional reduction of 

renal blood flow with more in medulla than other kidney parts beside hypoxia and lack 

of nutrient results in vascular endothelial damages: cellular swelling, actin cytoskeleton 

changes, glycocalyx destruction and cell-cell contact loss. This is associated with 

stimulation of ICAMs, VCAMs, selectins and other adhesion molecules causing 

leukocyte adhesion, trans-endothelial leukocytes infiltration, coagulating system 

activation, fluid accumulation in interstitial compartment and upregulation of vaso-active 

cytokines. Subsequently, vascular occlusion due to micro thrombi formation and 

vasoconstriction leading to local ischemia, particularly at medulla, affecting tubular 

epithelial cells which could be injured, becoming apoptotic and necrotic as well as brush 

border shedding and luminal obstruction by sloughed cells. A compensatory repair 

process attempts to replace lost cells via migration and differentiation of viable cells to 

the damaged area (restitution) as well as autophagy for cleaning up (Bonventre and Yang, 

2011).  

 

1.2.5.1 Inflammatory cascade 

Activation of inflammatory cascades is augmented during renal IRI and is considered as 

a pivotal player in recruiting cells (such as macrophage and neutrophils); upregulating 

various pro-inflammatory cytokines (see chapter 4); releasing chemokines such as 

intracellular adhesion molecule-1 (ICAM-1) and liberating reactive oxygen species 



25 

 

(ROS). In addition, inhibiting inflammatory cascades through delivering anti-

inflammatory agents (such as nicotin) ameliorate renal IRI via impeding neutrophil 

gathering (Malek and Nematbakhsh, 2015). 

 

1.2.5.2 Oxidative stress synthesis and mitochondrial dysfunction 

The release of ROS from damaged cells during ischemic phase of renal IRI results in 

oxidative stress affecting both mitochondria and endoplasmic reticulum, depletion in 

ATP, decrease calcium efflux and protease enzyme activation (Malek and Nematbakhsh, 

2015). These insults are aggravated during reperfusion phase due to oxygen free radicle 

production leading to cellular injury, apoptosis and cell death secondary to DNA and 

protein oxidation as well as lipid (including membranous) peroxidation (Shingu et al, 

2010; Malek and Nematbakhsh, 2015). Moreover, anti-oxidant agents such hydrogen rich 

saline and berberine, an alkaloid extract from herbs, attenuate the deleterious effect of IRI 

on rodent and on human PTEC (HK-2 cells) respectively via reducing oxidative stress- 

induced cell apoptosis by inhibiting reactive oxygen species (ROS) release (Shingu et al, 

2010; Yu et al, 2013). 

 

1.2.5.3 Nitrite and nitric oxide 

Nitric oxide synthase (NOS) is activated from kidney during IRI causing nitric oxide 

release. While the inducible isoform of NOS (iNOS) is toxic to the kidney and increases 

renal damage after IRI, the endothelial isoform (eNOS) was found to have a protective 

role; however NO synthesis from PTEC during IRI is mediated via iNOS (Milsom et al, 

2010; Malek and Nematbakhsh, 2015). 

 

1.2.5.4 Renin-angiotensin system 

The renin-angiotensin system (RAS) is activated during renal IRI with two opposite roles. 

The renal vessel vasoconstrictor (angiotensin II) exacerbates renal injury while 

angiotensin 1-7 reduces IRI (Santos et al, 2013). 
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Usually, angiotensin II works through activating two surface receptors, type 1 receptor 

(AT1) and type 2 receptor (AT2) launching various physiological changes such as 

vascular smooth muscle cells constriction, aldosterone synthesis, sodium and water 

retention, as well as increases cardiac contractility. Additionally, promoting pro-

inflammatory mediators is one of the roles that are reported for angiotensin II (Ni et al, 

2013). 
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1.3 Complement system (CS) 

Complement is a non-cellular enzymatic complex, mostly of hepatic origin, of around 30 

proteins localised in blood (20 plasma proteins) and on surfaces of normal cells (9 

membrane proteins) in an inert (named zymogens) status (Nesargikar, Spiller and Chavez, 

2012; Sarma and Ward, 2011; Ross, 1986). Complement can respond to pathogens either 

naturally (innate pathway) without participation of leukocytes or antibodies; or via 

binding to antibody-antigen complex on the surface of pathogens (adaptive pathway) 

(Sarma and Ward, 2011). Activation of complement system runs in serial interaction of 

its tightly controlled components resulting in end products have the ability to promote 

inflammation, endorse pathogen clearance and kill microbes. It is composed from three 

main cascades; classical, lectin and alternative pathway in addition to a non-enzymatic 

assembly of the membrane attack complex (MAC) which is also called lytic pathway 

(Ricklin et al, 2010). 

 

1.3.1 History of complement system 

Before more than a century, 1890s, researchers were discussing the Metchnikoff theory 

about the bactericidal role of plasma phagocytes, which was supported by the discovery 

of a heat-sensitive plasma protein can kill bacteria named alexin by Buchner and his 

colleagues. Later, Jules Bordet proposed the presence of a heat-stable substances which 

are circulating in plasma helping the alexin in their bactericidal effect called them 

sensitizer (Nesargikar, Spiller and Chavez, 2012). In 1899, Paul Ehrlich emphasised the 

side-chain theory when he considered the sensitizers as amboceptors (the former name of 

antibodies) which are produced secondary to the activation of specific receptors on the 

surface of bacteria or pathogens and shed in plasma. He suggested that the defensive 

capability of amboceptor is generated via formation of a complex with their plasma heat- 

sensitive mate (alexin) and he called the latter ‘complement’ accordingly (Nesargikar, 

Spiller and Chavez, 2012; Ehrnthaller et al, 2011). 

Ferrata and Brand described C1 and C2 while C3 was named by Cocca which followed 

by the discovery of C4 by 1920. In 1966, Robert Nelson and his colleagues succeeded in 

isolating C3 into 6 separated proteins sharing the ability to destroy erythrocytes; 
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thereafter, their characterisation were completed by Muller-Eberhard and his colleagues 

over 2 decades and called them C5-9. However, It looks that the nomenclature of the first 

four complement substances were based on history of discovery while the rest depended 

on their sequence of action in the complement activation scheme (Ehrnthaller et al, 2011; 

Nesargikar, Spiller and Chavez, 2012; Ross, 1986). The above antibody- dependent 

complement responses in addition to several supplementary regulators were defined as 

‘classical pathway (CP)’. In 1913, different route for complement activation without 

antibody reaction was emphasised by Brorwning and Mackie, which later named as 

‘alternative’ or properdin pathway after the discovery of properdin by Louis Pillemer in 

1954 and his successor Irwin Lepow (Ehrnthaller et al, 2011; Ross, 1986). After huge 

debate among scientists about properdin pathway, they finally agreed on the presence of 

this pathway as well as its regulatory proteins, which termed as factor B (fB), factor D 

(fD), and factor H (fH). In 1978, Kawasaki and his colleagues described the ‘mannose-

binding lectin (MBL)’ or lectin pathway to be added to the previous two pathways 

(Ehrnthaller et al, 2011; Ross, 1986). 

 

1.3.2 Activation of complement system 

 

1.3.2.1 Classical pathway  

The first part of CS (C1) is the key complement in activation CP. It is a multi-molecular 

protein composing from a single, recognition, (C1q) molecule with six terminal heads 

and two C1r and C1s fragments (the latter two are also known as catalytic proteases). The 

initiator of this cascade stimulation is the binding of C1q to either apoptotic or any injured 

cells (through C-reactive protein on their surfaces) or immune (Ag-Ab) complex 

assembled by IgM or IgG. This complement-target conjugation causes for activation of 

C1r that will split and stimulate C1s molecule. Thereafter, the active form of C1s will 

split another complement, C4, into big C4b and small C4a fragments. C4b will conjugate 

with C2 complement results in C2 cleavage producing free C2b and cell-bound C4b2a 

complex (also known as C3 convertase) (Carroll and Georgiou, 2013; Rossi et al, 2014). 

It seems that the CP has only one complement component (C1) and participates in the 

complement cascade through C3 convertase assembly. 
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1.3.2.2 Lectin pathway (LP) 

Mannose-binding Lectin (MBL) is an oligomeric protein of mainly hepatic origin 

(although synthesised minimally by intestine and testis) containing a C1q-like part. It 

assembles from three 32 kDa subunits with 4 parts for each of them; carbohydrate-

recognition domain (CRD) also is called lectin, is responsible for non- classical pathway 

complement stimulation via direct targeting the oligosaccharide (sugar) molecules on 

surfaces of injured cells or on micro-organisms. A hydrophobic neck region, a 

collagenous region and a cysteine-rich N-terminal region are the remaining parts. MBL 

is a member of collectins (protein family contains lung surfactant A and D) which works 

as pattern-recognition molecules in the LP and plays a crucial role in innate immunity.  

In addition to complement stimulation and its consequences, MBL can regulate 

inflammatory responses, facilitate phagocytosis directly without complement intervening 

and enhance apoptosis (Osthoff et al, 2014; Turner, 2003). 

Similar to MBL, ficloin, a lectin protein that has both fibrinogen and collagen- like 

domains, has the ability to activate LP too through binding to the carbohydrate motifs 

(Matsushita and Fujita, 2001). On the other hand, several proteins, MBL-associated serine 

proteases (MASP) 1-3, mainly MASP-2 bind to MBL forming a complex initiates serial 

complement activation that ends with splitting C4 and C2 as well as formation of C3 

convertase (C4b2a) (Turner, 2003). However, it appears that both LP and CP activation 

result in C3 convertase synthesis.  

 

1.3.2.3 Alternative pathway (AP) 

The alternative pathway (AP) contributes significantly to the activation level of 

complement triggered by either the classical pathway or lectin pathway (Thurman et al., 

2006). In fact, the alternative pathway functions are to amplify the activity of the 

complement system (Hourcade, 2006; Laarman et al., 2010). The characteristic features 

of this pathway are the ability to form a positive feedback loop that is responsible for 

production of an amplified response; and the presence of factor B, factor D and properdin, 

which are only found in the alternative pathway (Gaarkeuken et al., 2008). The main 

complement in alternative cascade is C3. It is a 185-kDa protein, which consists from α 
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(110 kDa) and β (75 kDa) chains whom join each other by disulphide bond (Ekdahl et al, 

1992). 

Alternative pathway passes through two phases, the fluid phase in the serum and solid 

phase on the surface of the cells (Banda et al, 2011). It is thought to be stimulated 

continuously (although in low steady pace) without the need for immune complex (unlike 

CP) or pattern recognition molecules (as in LP) by spontaneous hydrolysis of C3 thioester 

bond developing C3(H2O) (Sweigard et al, 2014). C3(H2O) is supposed to bind to the 

surface directly functioning like C3b. C3b or its functional analogue, C3(H2O), is bound 

to factor B in presence of magnesium (Mg2+) producing C3bB. This binding will aid 

factor D to cleave factor B into Ba and Bb. Ba is released while C3bBb denotes the active 

phase of C3 (C3 convertase) (Hourcade, 2006; Laarman et al. , 2010; Iwaki et al. , 2011). 

Properdin, the sole positive regulator of the AP, is a positive promoter to C3, i.e. through 

binding to C3bBb, and stabilizing C3bBb. This will raise the half-life of C3 convertase 

from 90 second to longer (5- 10 folds). This persistence of C3 convertase is vital for the 

positive feedback and alternative pathway activation (Harboe and Mollnes, 2008). 

Accumulation of C3b around foreign or targeted surface enhancing the phagocytic action 

of the PML (opsonisation) and production of C3bBbC3b, which acts as C5 convertase 

(Roumenina et al, 2011; Hoffman et al, 2014)  

 

1.3.2.4 Membrane attack complex (MAC) 

Interestingly, all the three complement cascades (CP, LP and AP) end with production of 

C5 convertase (either C4bC2aC3b or C3bBbC3b) which cleaves C5 into C5a and C5b 

(Hourcade, 2006; Laarman et al., 2010). C5a as well as C3a (from the alternative 

pathway) have the ability to attract leukocytes to the infected area (chemotaxis) while 

C5b acts as stimulator to the fourth pathway (lytic) pathway through serial activation of 

complements C6, C7, C8, and C9 (Laarman et al., 2010). To start with, the active form 

(C5b) binds to C6 then C7 forming C5bC6C7 that is capable to attach weakly to the cell 

surface. Then, C8, a trimer composed of α, β and γ domains, is added to the complex 

enabling it to anchoring to the cell membrane via C8α molecule insertion inside the cell 

membrane and constructing a foundation to recruit 12-18 C9 complements. The final 

MAC or C5b-9 construction pattern forms a hole in the cellular membrane resulting in 
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lytic process of target cell ends with cell necrosis (Kondos et al, 2010; Murphy, Travers 

and Walport, 2007). Hence, MAC represents the final outcomes of all the complement 

cascades causing cell necrosis and death. 

 

Figure 1-2 A diagram illustrates the complement cascade. Ab: antibody, Ag: antigen, Ap: alternative 

pathway, C: complement, CHO: oligosaccharide (sugar) molecules, CP classical pathway, CRP: C reactive 

protein, fB: factor B, fD: factor D, fH: factor H, fI: factor I, fP: factor properdin, iC: inactive complement 

molecule, LP: lectin pathway, MAC: membrane attack complex, MASP: MBL-associated serine proteases, 

MBL: Mannose binding lectin. 

 

1.3.3 Functions of complement system  

 

1.3.3.1 Opsonisation 

The process of covering pathogens with recognising, opsonin, protein in order to facilitate 

its discovery by phagocytic cells is called opsonisation (Owens and Peppas, 2006). C3b, 

C4b and C5b, resulting from cleavage of C3-5 due to activation of any of the three 

complement pathways, can act as opsonin proteins via binding to their relevant receptor 

on surface of pathogenic cells via their thioester bond (Ehrnthaller et al, 2011). Secondly, 

opsonin proteins have the ability to bind to immune complexes enabling their elimination. 

The opsonin complements bind to erythrocytes via complement receptor 1 (CR1; CD35) 
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thereby anchoring immune complex to red blood cells (RBCs), which trap and 

disintegrate inside liver and spleen. Thirdly, innate and adaptive immunity are linked 

through C3 products-B lymphocytes interaction. Both CR1,  CR2 (CD21) exist on the 

cell surface of B cells and have the ability to conjugate to C3b and C3d respectively 

resulting in increased immunogenicity of B leukocytes (Ehrnthaller et al, 2011; Lindorfer 

et al, 2003; Boackle et al, 1998). 

 

1.3.3.2 Chemotaxis 

It is a process of moving biological molecules or cells (e.g. phagocytes) toward 

inflammatory or injured site under the influence of chemical gradients produced from 

chemotactic proteins (chemoattractant) (Isfort et al, 2011; Hillen and Painter, 2009). 

Studies revealed that stimulation of complement pathways results in generation of C3a 

and C5a fragments, which have the capability to attract various leukocyte cells (such as 

monocytes) and neutrophils and mesenchymal human cells to inflammatory (complement 

activation) area (Schraufstatter et al, 2009; Ricklin et al, 2010). On contrary, Ward, 2010 

found that C5a binds to C5aR on phagocytic cell surfaces resulting in inhibition of 

chemotaxis during sepsis (Ward, 2010). Factor H, regulator of AP, has chemotactic role 

as well. Ohtsuka et al, 1993 and Nabil et al, 1997 in separate studies suggested the ability 

of fH to attract monocytes during delayed type hypersensitivity reaction (Ohtsuka et al, 

1993; NABIL et al, 1997). 

 

1.3.3.3 Cell and immune complex clearance 

Pathogenic cells could be targeted directly by MAC resulting in pore formation and cell 

lysis (see above) or via phagocytosis, which is the first defence line of innate immune 

system as well as the initiator for adaptive immunity. Phagocytic mechanism is a cellular 

event where cells can engulf and ingest large molecules (≥ 0.5 µm) after recognising them 

via surface receptors. Neutrophil and macrophage are common examples of phagocytic 

cells while bacteria, fungi, and apoptotic cells are the usual targets (Flannagan, 

Jaumouillé and Grinstein, 2012).  
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Phagocytosis is mediated by complement cascade and its receptors where they are 

working as opsonin and chemoattractant molecules (C3b, C4b and C5b) on the surface of 

target cells (Ehrnthaller et al, 2011).  Moreover, phagocytosis can be promoted by a 

phagocytic receptor (C3R) where C3b and iC3b are deposited on the surface of bacteria 

enabling them to be recognised by antibodies (Hyams et al, 2010).  

In addition, molecules modulation on cellular membrane of apoptotic cells releases CD46 

and CD59, which activate complement pathway and bind to C3b and C4b as well in order 

to promote phagocytosis to eliminate apoptotic cells (Ricklin et al, 2010). Furthermore, 

antigen-antibody (immune) complexes are also targeted by complement components 

where they are opsonised by binding C3b and C4b to them, which they interact with CR1 

(on erythrocytes). The above molecular trafficking will help in transferring immune 

complexes to both spleen and liver where they engulfed by Kupffer, macrophage and 

dendritic cells (Noris and Remuzzi, 2013). 

It seems that all three processes, opsonisation, chemotaxis and phagocytosis, are working 

in harmony to eradicate pathogens and complement cascades play pivotal role in initiating 

them. 

 

1.3.3.4 Anaphylaxis and inflammation 

C3a, C4a, and C5a (the small fragments of complement) are also called anaphylatoxins 

as they induce confined inflammatory reaction through binding to their specific receptors. 

This reaction could be life threatening when becomes general (i.e. when injected 

systemically) resulting in anaphylactic shock. The three molecules can act on smooth 

muscle cells causing contraction and increase vascular wall permeability. Both C3a and 

C5a can promote endothelial and mast cells to release adhesion molecules and histamine 

(and TNF-α) respectively (Janeway et al, 1997; Dunkelberger and Song, 2010). 

Additionally, upregulation of CR1 with its ligands leads to pro-inflammatory molecules 

release, such as interleukin (IL)-1α, IL-1β (Dunkelberger and Song, 2010). However, the 

fact that complement activation can reduce inflammation by regulating apoptotic cell 

eradication highlights the dual effect of complement system on target organs. 
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1.3.4 Regulation of complement activation 

A strict control over the activation of the complement system is mandatory to avoid the 

harmful effect of over production of C3 convertase and C5 convertase as well as 

hampering the self-damage (Laarman et al, 2010). These effects are observed in ischemia 

reperfusion injury and they are detrimental (Lesher and Song, 2009). There are specific 

regulators for each pathway but some of these proteins work on more than one pathway 

(Westra et al, 2012). In the fluid phase, factor H, factor I, C4 binding protein and C1 

inhibitor are immune-regulatory proteins that responsible for controlling the undesirable 

over activation of the complement system, while membrane cofactor protein 

(MCP/CD46), decay-accelerating factor (DAF/CD55), complement receptor 1 

(CR1/CD35), and CD59 are inhibitory regulators in the solid phase (Lesher and Song, 

2009) 

Factor H, MCP/CD46 and CR1 play a substantial role in monitoring the amplification 

circle of alternative pathway though the exact mechanism is not clearly understood 

(Westra et al, 2012). Both the 155 KDa factor H glycoprotein and DAF can carry their 

action by inhibiting the cleavage of factor B into Ba and Bb through ameliorating its 

attachment to the hydrolysed C3 (C3b) (Lesher and Song, 2009). Another possible mode 

of action is facilitating the formation of inactive C3b (iC3b) via compulsory stimulation 

of factor I. However, both CR1 and MCP share in this mode of inactivation resulting in 

degradation of iC3b. Lastly, factor H, CR1 and DAF may act on destruction of C3bBb 

complexes (Zipfel and Skerka, 2009) 
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2 Chapter two (aims and objectives) 
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2.1 Aims 

2.1.1 Hypoxia/ nutrient starvation – replenishment (HNSR) model 

(in vitro) of PTEC of human kidney (HK-2) 

1. Establishing a reproducible in vitro model simulating renal IRI in vivo. 

2. Investigating expression of complement components in response to HNSR. 

3. Determining production of pro inflammatory cytokine in response to HNSR.  

4. Assessing the presence of apoptosis in HNSR model 

5. Investigating the presence of autophagy.  

 

2.1.2 Surgical induction of renal IRI in mice (in vivo) 

1. Simulating the concurrence of factors relevant to human intervention 

(renoprotective anaesthesia, peri- and postoperative analgesia, volume 

substitution) in mice deficient of properdin (PKO) and congenic controls. 

2. Observing the outcome of renal IRI after 72 h in PKO and wild type mice. 

3. Investigating potential mechanisms involved such as inflammation, apoptosis and 

complement activation. 

 

2.2 Objectives 

2.2.1 HNSR model (in vitro) of PTEC of human kidney (HK-2) 

1. Lactate dehydrogenase (LDH), MTT cell viability assay, hydrogen peroxide 

detection (H2O2) test and tumor necrosis factor α protein quantification. 

2. Gene expression analysis and protein quantification for C3, properdin factor B 

and factor H.  

3. Conducting: 

i. Gene expression analysis for tumor necrosis factor α, interlukin 6, kidney 

injury molecule-1,  tissue growth factor-β, versican, and protein 

quantification for IL-6 and TGF-β and vascular endothelial growth factor. 
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ii. Protein quantification for nuclear factor- κB, High mobility group box 1, 

and proliferating cell nuclear antigen. 

iii. Proteome profiler. 

4. Gene expression analysis for caspase -3. 

5. Ultrastructural analysis by electron microscopy (TEM). 

 

2.2.2 Surgical induction of renal IRI in mice (in vivo) 

1. Bilateral clamping of renal vessels of properdin deficient mice and congenic wild 

type. 

2. Assessing: 

i. Renal function (blood urea nitrogen and serum creatinine). 

ii. Histological study (haematoxylin, and eosin staining and PAS stain) of 

kidneys and examining ultrastructure via electron microscope. 

 

3.  

i. Protein quantification of NF-κB, HMGB-1, PCNA, IL-6, CXCL-16, 

caspase-3, C5a, C5b-9, and MCP-1. 

ii. Calculating apoptotic bodies via indirect TUNEL assay 

iii. Assessing lectin pathway activity using ELISA. 
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3 Chapter three (establishing an in vitro renal 

hypoxia- nutrient starvation/ replenishment 

model) 
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3.1 Introduction  

Renal ischemia reperfusion injury (IRI) can damage kidney after transplant operation 

resulting in patients’ morbidity and mortality (van der Pol et al, 2012). Despite presence 

of many complications such as vascular thrombosis and/ or areterial twisting (Aktas et al, 

2011), delayed wound healing and infection (Kuo et al, 2012) as well as renal 

complications (e.g. vesico-ureteral reflux and ureteric stenosis) (Khor et al, 2015), IRI is 

considered as one of the major causes that leads to failure after kidney transplantation 

(Meldrum et al, 2001). 

Conducting preclinical experiments on in vitro models of human PTEC line are desirable 

for two reasons. Firstly, conducting experiments on living animals was and still is a 

common trend in research laboratory but big concerns have been raised about animal 

rights asking for using alternatives (replacement), modifying experiments to reduce 

animal pain and distress (refinement) as well as decreasing number of used animals 

(reduction). At the time being, the 3Rs principles were included as part of Animal 

(Scientific) Procedures Act, 1986 (Flecknell, 2002).  

Secondly, this is attributed to the fact that the influence of ischemia on the different parts 

of the kidney is variable (Schumer et al, 1992). The complex histology of the kidney 

means that cells vary in their susceptibility to damage incurred during IRI. Tubular 

epithelial cells are highly susceptible (PTEC) and the glomerular cells (podocyte) on the 

other end of the spectrum represents an example of cells most resistant to ischemia 

(Schumer et al, 1992).  

Accordingly, in this chapter an in vitro model of hypoxia and nutrient starvation with 

subsequent media replenishment (HNSR) has been established using human PTEC 

simulating in vivo renal IRI in an attempt to replace animals in line with 3Rs principles.  
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3.2 Materials and methods 

3.2.1 Tissue culture 

Proximal tubular epithelial cells (PTEC) of normal human kidney (HK-2) (ATCC® 

NO.CRL-2190™) were grown in culture medium Dulbecco's Modified Eagle Medium: 

Nutrient Mixture:F-12, DMEM:F-12 (Invitrogen™ from Thermo Fisher Scientific, 

Loughborough, UK). The media contains L- glutamine (200 mM), 10% fetal calf serum 

(FCS), 0.4 µg/ml recombinant human epidermal growth factor (hEGF) (Sigma-Aldrich, 

MO, USA), Penicillin (100 IU/ml) and Streptomycin (100 µg/ml) (Invitrogen™ from 

Thermo Fisher Scientific, Loughborough, UK). 

To maintain the culture, the cells were split by trypsin-mediated detachment (0.25% 

trypsin, 0.02% EDTA) (Sigma-Aldrich, MO, USA) after formation of a confluent 

monolayer in 25 cm2 flask and rinsing twice with phosphate-buffered saline (PBS). The 

cells were seen under microscope (objective X 40) as adherent polygonal cells with 

vacuole inclusions (Figure 3-1) and compare to the image deposited for the cell line 

(ATCC® NO.CRL-2190™). 

 

 

Figure 3-1: Confluent proximal tubular epithelial cells (PTEC) of human kidney (HK-2) under light 

microscope (X40). They look as polygonal cells (red arrows) with vacuole inclusions (yellow arrow). 
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3.2.2 Characterisation of PTEC 

The cells were confirmed to be proximal tubular epithelial cells depending on the work 

of a colleague in the laboratory (Dalia Alammary) where she examined the HK-2 cells 

looking for brush border, a charachteristic feature of PTEC. Both villin-1 protein (marker 

for differentiated brush border) and alkaline phosphatase (an enzyme characteristic of 

brush borders) were detected. In addition, ultrasturucture analysis using electron 

microscopy showed evidence of microvilli. Meanwhile, cofirming the human origin of 

these cells were based on the usage of human specific primers during qPCR. Moreover, 

it was verified to be free of mycoplasma by PCR (EZ-PCR mycoplasma test kit, 

Biological Industries Beit Haemek Ltd., Israel). Finally, cells were examined under 

microscope to confirm that they are solely PTEC and flasks contain no other cell types. 

 

3.2.3 Establishing an in-vitro model simulating in-vivo renal 

ischemia reperfusion injury 

 

3.2.3.1 Principles 

The aim of this experiment was to establish an in-vitro model of renal hypoxia-nutrient 

starvation/ replenishments injury (HNSR) mimicking clinically ischemia reperfusion 

injury (IRI). Basically, simulating ischemia was performed by induction of hypoxia and 

nutrient starvation (HNS) through incubating PTEC of human kidney (HK-2) in a hypoxic 

chamber to eliminate oxygen (Leonard et al, 2003) as well as nutrient starvation using 

Locke’s buffer to deprive cells from their nutrients and supplying them with only basic 

salts that keep their osmolarity (Pavlovski et al, 2012). Later the replenishment phase was 

being simulated via transferring cells to oxygen-containing incubator and replacing 

Locke’s buffer with normal media. 

 

3.2.3.2 Experiment design 

This HNSR model was set up into three experimental groups; while the first group was 

exposed to combined hypoxia and nutrient starvation (HNS) for 6 hours only, groups two 
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and three were replenished with normal media and incubated in oxygen-containing 

environment for 24 and 48 hours respectively. Sequentially, three control groups (one for 

each experimental time point) were set up as well in order to compare the effect of HNS 

alone versus replenishment in relation to their controls (Figure 3-2). 

 

 

 

Figure 3-2: Experimental design of in-vitro renal HNSR model.  Three pairs (control and experimental) of 

human renal proximal tubular epithelial (HK-2) cells were grown in 25 cm2 flasks. Experimental groups 

were exposed to hypoxia (hypoxic chamber) and nutrient starvation (Locke’s buffer) for 6 h without (group 

one, HNS 6h) or with replenishment for 24 h (group two, HNSR 24h) and 48 h (group three, HNSR 48h). 

Both cells and supernatant were collected for analysis. HNS, hypoxia and nutrient starvation; HNSR, 

hypoxia/ nutrient starvation- replenishment. 
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3.2.3.3 Technique 

The hypoxic chamber used in these experiments was designed by Dr Simon Byrne from 

University of Leiecster and was built in-house. Constructed from 10mm Perspex, it has a 

bottom-hinged front with an integral silicone rubber seal and top-mounted catches. The 

internal dimensions are 260mm (breadth), 89mm (height) and 130mm (front to rear); its 

volume is thus 3 litres. There are 2 perforated metal shelves, with space beneath the lower 

one for a shallow water tray. The gas inlet port is close to the bottom of one side, whilst 

the outlet port is in the middle of the top. The whole chamber sits on 4 short legs which 

allow the front to be opened flat. The dimensions of the chamber are such that it will 

accommodate a maximum of 12 small (25cm2) tissue culture flasks. 

 

In order to decrease variability among cells’ cycles, HK-2 cells were cultured initially 

until reaching confluence. Then an equal number of cells (0.7 X 105 cells) were seeded 

in 25 cm2 flasks and were left for 24 hours before conducting the experiment. Then, 5ml 

of nutrient starvation (Locke’s) buffer (154 mM NaCl, 5.6 mM KCl, 2.3 mM CaCl2, 1 

mM MgCl2, 3.6 mM NaHCO3 and 5 mM HEPES , pH 7.2) was added to the experimental 

flasks before transferring them to the especially designed enclosed (hypoxic) chamber. 

Initially, it was filled with atmospheric air then a customized gas mixture (0.5 % O2, 5% 

CO2, balanced % N2; BOC. Ltd) was flushed inside the chamber from the side opening 

(inlet) to extrude the atmospheric air from the top opening (outlet). After isolating the 

chamber by closing the openings, the chamber is moved to the incubator at 37 0C for 6 

hours. Sensors within the chamber monitored the concentration of oxygen showing that 

this method was reliable and reproducible (O2 concentration less than 1%). This fraction 

of O2 (<1% O2, equal to pO2 <7.6mmHg) is relevant in the context of experimental renal 

ischemia (Sauvant et al, 2009). Later, the cells were replenished with normal media and 

returned back to oxygen- containing incubator (21% oxygen and 5% CO2) for the 

designed time points. 
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Figure 3-3: Hypoxic chamber. Frontal aspect of the hypoxic chamber with sensor (left) and three 25 cm2 

experimental flasks with blue, ventilated caps  in a tissue culture hood (A) Curve illustrating the constancy 

of the oxygen concentration inside the chamber along the period of hypoxia in three separate experiments 

(B). Arrows indicate purges with hypoxic gas mixture. Dashed line represents reduction of O2 concentration 

from atmospheric. Dotted line represents standard hypoxic conditions.  

 

3.2.4 Lactate dehydrogenase (LDH) assay 

 

3.2.4.1 Principle 

Measuring extracellular LDH release from injured cell is a colorimetric non-radioactive 

technique which is developed to detect cellular toxicity particularly membrane damage. 

The LDH (a 140 kDa intracellular enzyme) leaks from injured cell cytoplasmic membrane 

catalyse serial reactions end with synthesis of red formazan from 2-(iodophenyl)-3-(p-

nitrophenyl)-5-phenylterazolium chloride. The quantity of formazan production reflects 

the amount of LDH release, which is proportional to damaged cell (Figure 3-4) (Han et 

al, 2011; Russ, Haberstroh and Rundell, 2007).  

 

 

 

 

A B 
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Figure 3-4: Cartoon illustrates principles of LDH cytotoxicity assay.  The generating formazan is directly 

proportion to the amount of leaked LDH from cell lysate supernatant. LDH, Lactate dehydrogenase; NAD+ 

and NADH, oxidised and reduced nicotinamide adenine dinucleotide. 

 

3.2.4.2 Technique 

A CytoTox 96® Non-Radioactive Cytotoxicity (Promega, WI, USA) was used according 

to manufacturer’s protocol where at the beginning, the supernatant was collected from all 

experimental and control groups to measure the amount of LDH release. Following the 

manufacturer’s instructions, the stock of substrate mix was diluted by adding 12 ml of 

buffer solution and the positive control was prepared (had to be fresh) by adding 5 ml of 

fresh media to 1 µl of stock positive control. Next, from the sample that would be tested, 

50 µl of supernatant was transferred to a new 96 well plate. 50 µl of substrate mix was 

added to all samples including positive control and was kept out from light for 30 minutes. 

Then, 50 µl of stop solution was added and was read out in ELISA reader (Bio-Rad, 

iMark) at a wavelength of 490 nm. A ratio of LDH release (represented by optical density, 

OD) was measured in relation to its matched time point control (Wang and Sanders, 

2007). 
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3.2.5 MTT cell viability assay 

 

3.2.5.1 Principle 

It is one of the cell-dependant colorimetric tests, which is widely used in assessing the 

influence of various effectors on cell viability. Its principle of action is based on ability 

of reducing (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) tetrazolium 

(MTT)  to formazan by living cells rather than dead ones. Although the mechanism of 

this conversion is not clearly understood, mitochondria may have a role. Accordingly, it 

is based on assessing absorbance differences due to formazan synthesis (Riss et al, 2004). 

 

3.2.5.2 Technique 

The protocol was adopted from Zhu and his colleague where at each time point of the 

experiment, 150 µl of 5 mg/ml solution of thiazolyl blue tetrazolium bromide (Sigma-

Aldrich, MO, USA) in phosphate buffered saline (PBS) was `incubated for 4 hours at 37 

0C till insoluble violet formazan crystals formed. Thereafter, supernatant was separated 

and floating cells were collected in a pellet by centrifuging supernatant at 1000 rpm. Both 

groups of cells (at flask and pellet) were solubilised in 1 ml dimethyl sulfoxide (DMSO) 

(Thermo Fisher, Loughborough, UK). After gentle shaking of flasks at room temperature 

for 10 minutes, optical density was measured using ELISA reader (Bio-Rad, iMark) at 

595 nm wave length (Zhu et al, 2012). 

 

3.2.6 Hydrogen peroxide detection (H2O2) test 

 

3.2.6.1 Principle 

It is another colorimetric technique, which has been used to detect the release of hydrogen 

peroxide from cells and various specimens secondary to reactions involving peroxidase. 

It is a very selective and relatively easily applied assay based on detection of a red-

fluorescent resorufin generating from oxidation of 10-acetyl-3, 7-dihidroxyphenoxazine 

by H2O2 where horseradish peroxidase (HRP) catalyses the reaction and the assay can be 
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performed spectrophotometrically as the extinction coefficient of resorufin  is high 

(Watabe et al, 2011; Su, Wei and Guo, 2011). 

 

3.2.6.2 Stock solutions 

Amplex® Red Hydrogen Peroxidase /Peroxide Assay Kit (Invitrogen) which is the 

commercial name of 10-acetyl-3, 7-dihidroxyphenoxazine was used to detect H2O2 from 

PTEC of human kidney (HK-2 cells). The stock solutions were prepared in accordance 

with the manufacturer’s guidance where one vial of Amplex® red reagent was dissolved 

in 60 µl of DMSO to get 10 mM Amplex® red reagent stock solution. Next, 4 ml of 5X 

reaction buffer was diluted by 16 ml H20 to make 20 ml of 1X reaction buffer before a 10 

U/ml horseradish peroxidase (HRP) stock solution was prepared by dissolving its vial in 

1 ml of 1X reaction buffer. Lastly, 20 mM H2O2 working solution was prepared by adding 

977 μl of 1X reaction buffer to 22.7 μl of 3% H2O2.  

 

3.2.6.3 Assay procedure 

After all stock solutions were ready, the standard curve was set up from concentration of 

0-10 µM of H2O2 in 1X reaction buffer (total volume was 50 µl each). 50 µl of each 

standard as well as supernatants from experimental flasks were loaded into a 96 well- 

plate. This was followed by loading 50 µl of freshly made mixture of 100 µl of 10 U/ml 

HRP, 50 µl of 10 mM Amplex® red reagent stock solution and 4.85 ml of 1X reaction 

buffer). The plate was incubated for 30 minutes at room temperature in dark place before 

measuring optical density (OD) using ELISA reader (Bio-Rad, iMark) at 560 nm 

wavelength. 

 

 

 

 

 



48 

 

 

0 5 1 0 1 5

0 . 0 0

0 . 0 5

0 . 1 0

0 . 1 5

0 . 2 0

H
2

O
2

 ( p g / m l )

A
b

s
o

r
b

a
n

c
e

 a
t
 O

D
 5

6
0

 n
m

R
2

= 0 . 9 8 8

 

Figure 3-5 Standard curve of hydrogen peroxide assay.  

 

3.2.7 Statistics 

Experiments were repeated three times and readings were in triplicate (unless stated). 

Data interpretation, standard curve were calculated using Microsoft Excel ® 2010 and 

GraphPad Prism ® 6.07. Data were presented as mean ± SD and ANOVA and Tukey’s 

multiple comparison tests were used for analysing unpaired parametric data while 

Kruskal-Wallis and Dunn’s multiple comparison tests were used for comparing 

nonparametric results. Data was described as significant when p value was < 0.05.  
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3.3 Results 

 

3.3.1 Optimisation of in vitro renal HNSR model 

 

3.3.1.1 HNSR model by oil immersion 

The purpose of our work was to establish a reproducible and easy to set up in vitro model 

of human renal PTEC (HK-2) HNSR reflecting in vivo IRI, which would be amenable to 

further analysis. Initially, mineral oil immersion with media replacement was used as 

method of HNSR induction. This is based on a study by Meldrum and his colleagues in 

2001 when they designed an in vitro model evaluating cellular response to renal HNSR 

in isolation from systemic factors. Their model was set up through overlaying of porcine 

renal tubular epithelial cells (LLC-PK1) with mineral oil for various time points (0-60 

minutes) to limit both oxygen and nutrient supplementation and prevent elimination of 

waste products followed by media replacement for 0-48h (Meldrum et al, 2001). 

Accordingly, a monolayer of HK-2 cells was overlayed with mineral oil for various time 

points with substrate replacement for 24 and 48h (see appendix for details). To investigate 

the damage resulting from the above model, cell viability was assessed by trypan blue 

(similar to Meldrum’s article) which depends basically on staining the compromised cell 

with blue while the viable one remain unstained (Tran et al, 2011). The results showed 

slight differences among time points; moreover, cell numbers were small as the adherent 

cells only had been assessed.  Nevertheless, the dead cells were most likely discarded 

during washing out the mineral oil and before media replacement. Therefore, measuring 

LDH release in supernatant was an alternative to trypan blue. The results were neither 

promising nor reproducible (experimental design and results were presented at appendix) 

as the LDH activity was greater in supernatant from cells left in their medium for 24 and 

48h than supernatant from cells receiving oil immersion treatment. This could be 

attributed to the growth-inhibition effect of oil immersion on cells of treated groups, in 

contrast to the control cells were continuing growth hence becoming so dense 

consequently more LDH release. 
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3.3.1.2 Induction of HNSR model using hypoxic environment and Locke’s 

buffer 

A pilot experiment using HK-2 cell was done to induce hypoxic injury and nutrient 

starvation separately without substrate replacement using either hypoxic chamber or 

Locke’s buffer. There was an increase in LDH release from supernatant of both 

experimental groups in comparison to their relative controls (data not shown). Then, a 

combination of these conditions was set up for various time points followed by media 

replacement for different time points as well. 

The LDH release was much more when the time of ischemia was prolonged (6h) among 

the sets of experiment. Accordingly and as  the combined effect of hypoxia and Locke’s 

buffer exerted the most detrimental influence on HK-2 cells after 24 and 48h 

replenishment and it has more clinical relevance for ischemia in vivo, this type of hypoxia 

was pursued thereafter for all the experiments with three time points 6, 24 and 48h. A 

refinement of the experimental design was deemed necessary due to fluctuation using a 

conventional hypoxic chamber. Subsequently, cells were exposed to a customised gas 

mixture (details were mentioned in method). It is reproducible, easy to monitor, 

affordable and standardisable. 
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3.3.2 Assessing degree of PTEC damage in in vitro renal HNSR 

model via measuring LDH release 

There was an increase in LDH release ratios across the experimental groups where LDH 

release ratio of both HNSR for  24h and HNSR for 48h were significantly higher than 

that of HNS for 6h (p=0.0017 and 0.002 respectively). The LDH release ratio of HNSR 

for 48h was more than that of HNSR for 24h but not significant (p> 0.05) (Figure 3-6). 

 

 

Figure 3-6: Quantitative assessment of lactate dehydrogenase (LDH) release from in vitro renal HNSR 

model.  Ratio of LDH release from each experimental group to its control was measured using supernatant 

of human proximal tubular epithelial (HK-2) cells; n=3 in triplicate, p(*) < 0.05, data were presented as 

mean ±SD; HNS, hypoxia and nutrient starvation; HNSR 24h and 48h, hypoxia and nutrient starvation 

followed by replenishment for 24 and 48 hours respectively. 
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3.3.3 Cell viability across in vitro renal HNSR model  

Using MTT cell viability test, the effect of combined hypoxia and nutrient starvation for 

6h followed by media replenishment for 24 and 48h on PTEC of human kidneys (HK-2) 

was assessed in comparison to their controls (Figure 3-7). There was a noticeable 

reduction in MTT ratio after HNS 6h to control which was followed by significant gradual 

rise in MTT ratios in both HNSR for 24h (p=0.004) and HNSR for 48h (p < 0.0001) in 

comparison to HNS for 6h group. The difference between two replenished groups (24 and 

48h) was significant as well (p= 0.029). 
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Figure 3-7: Cell viability of human PTEC (HK-2). Quantitative measurements of human renal PTEC (HK-

2) proliferation over in vitro renal HNSR model. Using MTT cell viability test, a percentile ratio of 

formazan formation in each experimental groups was measured in comparison to control; n=3 each in 4 

replicates, p(*) < 0.05, (**)≤0.01, (***)≤0.001, (****) ≤ 0.0001data were presented as mean ±SD; HNS, 

hypoxia and nutrient starvation; HNSR 24h and 48h, hypoxia and nutrient starvation followed by 

replenishment for 24 and 48 hours respectively. 
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3.3.4 Calculation of reactive oxygen species (ROS) release from 

HK-2 cells 

There was an increase in LDH release ratios across the experimental groups where LDH 

release ratio of both HNSR for  24h and HNSR for 48h were significantly higher than 

that of HNS for 6h (p=0.02 and 0.0098 respectively). The LDH release ratio of HNSR for 

48h was more than that of HNSR for 24h but not significant (p> 0.05) (Figure 3-8). 
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Figure 3-8 A quantitative assessment of ROS release from HK-2 cells in in vitro HNSR model. 

Concentration of hydrogen peroxide (one of ROS) release from each of the three treated groups was 

measured and normalised to their control mates respectively; ; n=3, in triplicates, p(*) < 0.05 (**) < 0.01, 

data were presented as mean ±SD; HNS, hypoxia and nutrient starvation; HNSR 24h and 48h, hypoxia and 

nutrient starvation followed by replenishment for 24 and 48 hours respectively. 
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3.4 Discussion 

During kidney transplantation, impairment of renal function caused by IRI is unavoidable 

and may end with chronic kidney disease (CKD). The complexity of injury during IRI 

(ischemia as well as reperfusion) and the need for further exploration of the exact 

mechanisms that participate in inducing IRI are the reasons to develop various in vitro 

models mimicking the in vivo IRI (Kurian and Pemaih, 2014). In this study a novel in 

vitro HNSR model was established to simulate both phases of IRI (6h and 24h) and was 

extended to cover the healing phase as well (48h). Ischemia was simulated via combined 

treatment of human PTEC (HK-2) with serum- free, glucose- free Locke’s buffer and 

incubation in hypoxic chamber while incubation with normal media inside oxygenated 

chamber represented the reperfusion phase. The superiority of combined over single 

(Locke’s buffer or hypoxic chamber) treatment as well as duration of HNS (6h over 3h) 

were based on measuring LDH release and TNF-α protein expression. LDH release was 

higher (i.e. more cell damage) with HNS for 6h followed by replenishment for 24h and 

48h respectively than other experimental modalities (Figure 7-3). These results were 

supported by TNF-α protein expression as it was higher (i.e. more inflammation) from 

HK-2 exposed to combined stimulation for 6h and HNSR 48h than single treatment and 

significantly more than control group as well (Figure 7-5).  

Using LDH assay to assess cellular response is in agreement with other studies. It was 

used by Wang and Sanders, 2007 to assess the effect of immunoglobulin on human renal 

PTEC (HK-2) in vitro (Wang and Sanders, 2007) and Breggia and Himmelfarb in 2008 

assessed the influence of hypoxia and chemically induced ischemia on murine renal 

PTEC using LDH release as well (Breggia and Himmelfarb, 2008). Moreover, Meldrum 

et al., used TNF-α to monitor an in vitro model development similar to in vivo renal IRI 

via exposure of porcine renal PTEC to oil immersion followed by media replacement 

(Meldrum et al, 2001). Peng et al., 2012 found that TNF-α protein secretion is elevated 

after exposing murine renal PTEC to hypoxic/ re-oxygenation environment (Peng et al, 

2012). In vivo, TNF-α expression from renal PTEC (mice) has been used as pro-

inflammatory marker in renal IRI model (Linkermann et al, 2012). 

Principally, ischemia can be induced in vitro by immersion cells either by chemical agents 

such as antimycin and rotenone, treating cells with enzymes (e.g. catalase and glucose 



55 

 

oxidase) or by incubation in hypoxic chamber (Kurian and Pemaih, 2014). Both hypoxic 

chamber and Locke’s buffer were used together by Arumugam et al, 2007 to simulate 

ischemia in murine cortical neuronal cells to evaluate the effect of immunoglobulin 

administration on complement cascade during stroke (Arumugam et al, 2007). Similarly, 

Pavlovski and his colleagues adopted this method for assessing the role of CS (C5a) on 

apoptosis in murine cortical neuronal cells as well (Pavlovski et al, 2012). Locke’s buffer 

alone has also been used in primary neuronal cell line (mice) to simulate cerebral ischemia 

in vitro (Lee et al, 2015). The above studies did not use this model to explore the effect 

of reperfusion on neurons and the model represented the ischemic phase only.  

Simulation of ischemia in vitro via incubating cells in hypoxic environment was seen in 

many articles. Hotter et al, 2004 showed that incubating porcine PTEC in hypoxic 

chamber induced apoptosis as is the case for renal ischemia in vivo (Hotter, Palacios and 

Sola, 2004). Later, Basu and colleagues applied the same technique on human renal PTEC 

to investigate the role of hypoxia during acute kidney injury (Basu et al, 2011). 

Meanwhile, reperfusion phase was simulated by culturing hypoxic cells in standard 

incubator developing in vitro hypoxia/ reoxygenation simulator to in vivo IRI. This model 

was applied by Leonard and colleagues on human renal PTEC (HK-2) to study the 

molecular signalling of PTEC during acute renal failure, ARF (Leonard et al, 2003). 

Moreover, conducting in vitro model instead of in vivo one may be of benefit in assessing 

the exact response of specific cells to IRI and measuring more accurately type and 

quantity of injurious factors and cell-surrounding environment (such as pO2 and pCO2) 

which make repetition of same experiment more reliable (Russ, Haberstroh and Rundell, 

2007). Nevertheless, in vitro models are not without drawbacks as they are simulators 

rather than real IRI models, there is no assessment of the interaction between various 

cells/ tissues, and some cells show different behaviour in vitro than in vivo (Russ, 

Haberstroh and Rundell, 2007). All the same, many researchers have suggested that a 

well-designed in vitro model is crucial in understanding effectively molecular 

mechanisms of PTEC trafficking while studying IRI and gives foundation to subsequent 

in vivo work as well (Russ, Haberstroh and Rundell, 2007; Kurian and Pemaih, 2014).  

While different renal cell lines (of human and animal origin) have been used in various 

in vitro models such as medullary cells, fibroblast, cells from distal tubule, as well as 
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podocytes (Russ, Haberstroh and Rundell, 2007), human PTEC have been used in the 

HNSR model in this thesis. This is because during IRI, PTECs are the most seriously 

affected cell type due to their high metabolic demands; this results in cytoskeleton 

impairment, and give rise to serial inflammatory and vasoactive mediators affecting other 

parts of the renal nephron (medulla, glomeruli and microvascular system) (Bonventre and 

Weinberg, 2003).  

The epithelial cellular response of our HNSR model was assessed by measuring LDH 

release as it is commonly used to monitor HK-2 cells (Wang and Sanders, 2007). Results 

have so far revealed incremental LDH release from supernatant of PTEC with combined 

stimulation and replenishment than HNS treatment alone reflecting more cell damage 

(Figure 3-6). These results are in line with other studies on in vivo murine IRI models, 

which showed elevated LDH release from kidneys affected by IRI (Wang et al, 2015; 

Linkermann et al, 2013).  In vitro, various cell lines have been used including rat myoblast 

(Joshi et al, 2011), porcine (LLC-PK1) and human (HK-2) renal PTEC (Kishi et al, 2015; 

Turman and Rosenfeld, 1999) where all of them showed increase of LDH release after 

exposing them to hypoxic environment. 

Further analysis of HNSR model was performed via measuring hydrogen peroxide 

generation from HK-2 cells. It is the most common reactive oxygen species production 

during renal IRI resulting in tubular cell death (apoptosis) and renal failure (Zhuang et al, 

2007; Lee et al, 2013). The current study found that maximum H2O2 release (i.e. more 

apoptosis) was after 24h replenishment although it was not significant and decreased (but 

significantly higher than HNS alone) after 48h replenishment (Figure 3-8). In vitro, 

studies showed that H2O2 causes cell apoptosis in both rabbit and human PTEC (Zhuang 

et al, 2007; Lee et al, 2013) while in vivo work showed that renal PTEC (mice) produce 

ROS in response to IRI and H2O2 assay can be used to monitor the degree of tubular 

damage (Kunduzova et al, 2002; Wang et al, 2011).   

Finally, one unanticipated finding was that cell viability test (MTT) showed a significant 

decrease in cell viability after HNS which stepped up significantly after 24h and 48h of 

replenishment (Figure 3-7). Ma et al., 2014 used MTT to assess renal PTEC (rat) viability 

in in vitro model simulating IRI (Ma et al, 2014) and Zhuang et al., used it in evaluating 



57 

 

rabbit renal tubular epithelial cells viability after exposure to hydrogen peroxide (Zhuang 

et al, 2007).  

These results may be explained by the fact that both cell damage (expressed by LDH 

release) and cell regeneration and growth (presented by MTT) are occurring 

simultaneously during HNSR in vitro model. It is obvious that various mechanisms are 

controlling IRI pathogenesis such as ROS pathway (Lee et al, 2013) and immune-

inflammatory signaling (Tadagavadi, Wang and Ramesh, 2010) . However, further 

studies are needed to understand the underlying molecular trafficking during IRI in order 

to reduce mortality and morbidity after renal transplant (Lee et al, 2014).  According to 

these data, we can infer that our HNSR model is a new in vitro, dependable and easily 

applicable model that can simulate and replace the in vivo renal IRI. This model can 

reliably deliver insight in IRI mechanisms via evaluating both injurious phases (ischemia 

and hypoxia) as well as exploring both damage and repair pathways.  
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4 Chapter four (characterisation of the 

inflammatory response of human PTEC (HK-2) to 

in vitro HNSR) 
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4.1 Introduction  

Renal IRI is an integrated process of cellular injury, inflammatory reaction and 

haemodynamic changes that is followed by healing process (Bonventre and Yang, 2011). 

Renal tubular epithelial cells are particularly susceptible to IRI damage, which may end 

with apoptosis and/ or acute tubular necrosis; nevertheless, they play a part in 

inflammation via expression and controlling various pro-inflammatory molecules such as 

IL-1 and IL-6, and TNF-α (Bonventre and Yang, 2011).  Furthermore, despite the debate 

of the exact mechanism of action, the complement system undoubtly occupies a role in 

the pathology of renal IRI (de Vries et al, 2003). PTECs have the ability to express and 

activate the complement cascade particularly AP components. Peake et al, 1999 showed 

that C3, fH, fB, fI, and fD mRNA were expressed from HK-2 cells using PCR. 

Furthermore, C3, fH and fB proteins and their cleaved component were also produced 

from HK-2 cells on western blot (Kinsey, Li and Okusa, 2008; Peake et al, 1999). In vivo, 

immunofluorescence microscopy revealed greater C3 deposition in kidneys of wild mice 

exposed to IRI than control (Thurman et al, 2003).  

Hypoxia markers particularly HIF-1α signalling was assessed in HK-2 cells exposed to 

low oxygen, low glucose / reoxygenation protocol in vitro. It has been shown that HIF-

1α protein was expressed more after hypoxia than after media replenishment while its 

mRNA did not show any expression differences (Conde et al, 2012). On the other hand a 

study by Suzuki et al, 2008 revealed that autophagosomes are increased in PTEC (HK-2) 

exposed to ischemia in vitro. Although their exact role is not clear, it could be part of 

cellular injury or defensive mechanism against renal ischemia (Suzuki et al, 2008). In this 

chapter, the inflammatory response of human PTEC of HK-2 to in vitro HNSR was 

investigated in attempt to clarify the molecular signalling during both phases of IRI, 

which may help in finding the targets for reducing injury and improving healing.  
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4.2 Materials and methods 

 

4.2.1 Extraction of ribonucleic acids from HK-2 cells 

 

4.2.1.1 Trizol- phenol- chloroform protocol 

Confluent HK-2 cells were exposed to the optimised HNSR model (details in chapter 3). 

In each 25 cm2 flask, the medium was removed and replaced with 1 ml of Trizol-reagent 

(Ambion® from Thermo Fisher Scientific, Loughborough, UK) for 10 minutes at room 

temperature to maximise the amount of the lysed cells collected. In order to separate RNA 

from proteins, 200 μl of chloroform was added and the tube was shaken vigorously for 

15 seconds. Next, the sample was incubated for 15 minutes at room temperature and the 

tubes were centrifuged at 12000 xg for 15 minutes. The upper colourless aqueous layer 

was moved to a new 1.5 ml tube and a 500 μl of isopropanol was added and shaken well 

before incubation for 10 minutes to precipitate the RNA (The RNA precipitate is often 

invisible at this step). Then, centrifugation at 12000 xg for 10 minutes was performed to 

pellet the RNA, followed by discarding the supernatant, replacing with 1 ml of 75 (v/v) 

% ethanol and centrifugation at  7500 xg for 5 minutes for washing. Thereafter, the 

supernatant was removed to leave the RNA to dry, then the pellet was dissolved in 25 μl 

DEPC (Diethyl pyrocarbonate) 0.02 (v/v) % treated water. Then, the sample was put in 

the heat block at 550C for 15 minutes. Finally, RNA concentration was measured (in 

ng/μl) using nanodrop machine programme RNA-40 (Invitrogen™ from Thermo Fisher 

Scientific, Loughborough, UK) at 260nm wavelength. 

 

4.2.1.2 Qiagen RNA extraction protocol 

More sensitive protocol has been used that did not need phenol or chloroform for RNA 

extraction. This was conducted via using RNeasy ® Plus Mini Kit (Qiagen, Texas, USA). 

According to the manufacture’s guide, HK-2 cells from our HNSR model were lysed with 

350 µl RLT plus buffer and were centrifuged for 3 minute (maximum speed). While 

residues were discarded, the supernatant was transferred to a gDNA eliminator spin 

column after inserting it in a new 2 ml collecting tube. The tube was centrifuged at more 
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than 8000 xg for 30 seconds before removing the column. 350 µl of 70% ethanol were 

added to the tube and was mixed by frequent gentle pipetting. 700 µl of the sample were 

taken to an RNAeasy spin column after placing it inside 2 ml collection tube. The tube 

was centrifuged at more than 8000 xg for 15 seconds and flow-through was discarded. 

Next, 700 µl of RW1 buffer was added to the spin column after inserting it in new 2 ml 

collection tube before centrifugation for 15 second at more than 8000 xg and followed by 

discarding the flow-through. Then, 500 µl of RPE buffer were added to the spin column; 

centrifuged again at more than 8000 xg for 15 second; and the flow- through was 

discarded again. Lastly, 500 µl of RPE buffer was added to the spin column again, 

centrifuged again at more than 8000 xg for 2 minutes; and the flow- through was 

discarded again. Finally, the spin column was transferred to a new 1.5 reaction tube and 

30-50 µl of RNase- free water was added before centrifuging the tube at more than 8000 

xg for 1 minute. The spin column was removed and the RNA in the reaction tube was 

stored at -800C or applied to the next step. 

 

4.2.2 Formation of complementary DNA (cDNA) 

Complementary DNA was prepared from the extracted RNA using Maxima™ H Minus 

first strand cDNA synthesis kit (Thermo Scientific) according to the manufacturer’s 

protocol. For each sample, 5 μg from RNA (appropriately adjusted for each sample) was 

transferred to 0.5 ml RNase free tube (on ice) followed by addition of 1µl (100 pmol) of 

oligo (dT)18 primer, 1µl (10 mM) dNTP mix in a final volume of 15µl . The RNA template 

was vortexed slightly, centrifuged, incubated at 650C for 5 minutes and cooled by ice. 

Then, 4µl of 5X RT buffer [250 mM Tris-HCl (pH 8.3 at 250C), 375 mM KCl, 15 mM 

Mg Cl2, 50 mM DTT)] and 1µl Maxima H Minus Enzyme mix were added. 

Next, the mixture was incubated for ½ h at 500C at first before temperature was raised to 

650C. The operation was completed by raising temperature to 850C for 5 minutes to 

denature the enzyme. 
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4.2.3 Polymerase chain reaction (PCR) 

 

4.2.3.1 Principle 

Reverse transcription (RT) PCR is the amplification performed for a specific 

complementary cDNA which is assembled according to messenger mRNA extracted from 

certain cells. It may be set up as endpoint or quantitative PCR (Hue-Roye and Vege, 

2008). 

 

4.2.3.2 Technique 

A 3 μl from the prepared complementary DNA is transferred into 0.5 ml tube after adding 

2.5 μl 10X Reaction buffer, 1.5 μl MgCl (25mM), 4 μl dNTPs (1.25mM), 0.2 μl Thermo 

Prime Enzyme (5 U/μl), 10.8 μl PCR grade water, 2 μl forward primer (5μM) and 2 μl 

reverse primer (5μM). Primers that were used are listed in Table 4-1. The number of 

cycles used for amplification varyed depending on the condition of individual gene by 

using PCR machine (TECHNE, TC-3000 from Bibby Scientific, Staffordshire, UK). 
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Table 4-1 List of primers and their specifications (human specific).  

Primer Forward sequence Size 

NCBI 

accession 

numbers 

Annealing 

temperature 

β-actin CAC CAA CTG GGA CGA CAT* 1761 

bp 

X00351.1 55 0 C 

ACAGCCTGGATAGCAAC 

β2m GGC TAT CCA GCG CAC TCC AAA* 987 

bp 

NM_004048 50 0 C 

CAA CTT CAA TGT CGG ATG GAT G 

18sRNA CGG CTA CAT CCA AGG AA* 1969 

bp 

M10098 57 0 C 

GCT GGA ATT ACC GCG GCT 

TGF-β1 CCC AGC ATC TGC AAA GCT C* 2583 

bp 

NM_000660 60 0 C 

GTC AAT GTA CAG CTG CCG CA 

Caspase- 3 AGA ACT GGA CTG TGG CAT TGA G* 2689 

bp 

NM_004346 60 0 C 

GCT TGT CGG CAT ACT GTT TCA G 

IL6 GCCCAGTGGACAGGTTTCT* 1201 

bp 

NM_000600

.3 

62 0 C 

TCCTGCAGAAAAAGGCAAAG 

Kim-1 CTG CAG GGA GCA ATA AGG A-G* 1713 

bp 

NM_001308

156 

54 0 C 

ACC CAA AAG AGC AAG AAG CA- 

Clustrin AAG GAA ATT CAA AAT GCT GTC 

AA* 

1620 

bp 

BC013221 50 0 C 

ACA GAC AAG ATC TCC CGG CAC TT 

Factor B AAGCTGACTCGGAAGGAGGT* 2388 

bp 

L15702 580 C 

TCCACTACTCCCCAGCTGAT 

Properdin GCATCCAGCACTGCCCCTTGAAA* 1785 

bp 

NM_002621 600 C 

GGCACGGGTAGGATTAGGTCCACA 

Factor H GGAACCACCTCAATGCAAAG* 3926 

bp 

Y00716 550 C 

AAGCTTCTGTTTGGCTGTCC 

C3 CTGGGTGTACCCCTTCTTGA* 5148 

bp 

NM_000064 580 C 

GCTGAAGCACCTCATTG6TGA 

VEGF TCACCGCCTCGGCTTGTCACAT 640 

bp 

AY047581 600 C 

GAGATGAGCTTCCTACAGCAC 

VCAN CAAGCATCCTGTCTCACGAA 1925 

bp 

BC050524 550 C 

CAACGGAAGTCATGCTCAAA 

 

*: sequence of forward primer 
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4.2.3.3 Agarose gel electrophoresis 

1% (w/v) agarose gel was prepared in 0.5X TBE gel (Table 4-2). Ethidium bromide (0.5 

µg/ml) was used to visualise the bands. DNA ladder was from Thermo Scientific 

(GeneRuler 1 kb Plus DNA ladder). DNA gel loading dye (10X) was 15% (w/v) 

bromophenol blue, 50% (v/v) glycerol and 0.5 mM EDTA pH8.0), and gels are run at 90 

volts for 1 hour before imaging using Imagequant 100 (UV trans illuminator).  

 

Table 4-2: Contents of 5X TBE (Tris/Borate/EDTA).  A 1:10 dilution in dH2O was used to make and run 

the gel. 

 

 

 

 

 

4.2.3.4 Real-time quantitative reverse transcription PCR (Real –Time qRT-

PCR) 

This advanced version of PCR has the ability to detect accurately the amount of the 

assembled DNA after each cycle rather than the final product. Principally, it is of two 

types based on detectors; either TaqMan® probe, which contains flourogenic reporter 

restricted to quencher and primer extension results in reporter release and fluorescence 

detection. Oppositely, the other detector is DNA- binding dye or SYBR® Green, is inert 

during its unbound phase and release fluorescence after adhering to DNA (Arya et al, 

2005).  

The cDNA was diluted 1:4 with nanopure water and a master mix was prepared [10 μl 

Sensi Mix TM SYBR H-ROX Kit (Bioline, London, UK), 2 μl of (5μM) forward primer, 

2 μl of (5μM) reverse primer and 3 μl distilled autoclaved water). 

In strips of 4 tubes and caps, 17 μl of the master mix was added to 3 μl of diluted cDNA 

(from experiment and control samples) and the same amount of the master mix was added 

to 3 μl of water (negative control). All test and negative control samples were run in 

Material Amount 

Tris base 54 g 

Boric acid 27.5 g 

0.5 M EDTA (pH: 8.0) 20 ml 

Distilled water 1 L 
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duplicate using Corbett Rotor-Gene ™ 6000 machine and software. The results were 

analysed according to the Livak method to measure the expression ratio (2-∆∆CT) 

(Schmittgen and Livak, 2008) and Microsoft office Excel (2010) was used to calculate 

the normalisation of target genes to housekeeping genes (Table 4-3). Beta 2 

microglobulin (β2M) was used as housekeeping gene due to stability of its expression 

across experimental groups and their related controls (Table 4-4).   

Table 4-3: A template for calculating the normalisation of target genes to housekeeping ones depending on 

measuring expression ratio (2 - ∆∆CT). Reference Ct: housekeeping gene. Target Ct: Examined gene. 

 

 

Table 4-4: Shows expression of β2M from experimental groups of HNSR in vitro model (A) and 

quantification report (B). Expression was presented as cycle threshold (Ct). 
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4.2.4 Enzyme Linked Immunosorbent Assay (ELISA) 

 

4.2.4.1 Principles 

Enzyme linked immunosorbent assay, ELISA, is a commonly used assay to quantify 

proteins, hormones and other antigens as well as antibodies in specific samples. It is an 

immunological-based technique that depends on colorimetric assessment of antigen-

antibody binding interaction (Gan and Patel, 2013). 

Generally, although they are sharing the same principles, ELISA has several variants. 

They are indirect, competitive, sandwich, multiple as well as portable ELISA. The 

sandwich one is based on preparing the well before adding the antigen with a preliminary 

antigen-specific antibody (capture Ab) enabling to isolate the target antigen from a 

mixture. The antigen will be packed (sandwich) between this Ab and detection Ab. The 

antigen-antibody complex is linked to a chromogenic-enzyme (via detection Ab) 

developing color after interaction with substrates and the intensity of the colour is directly 

related to the amount of proteins (Gan and Patel, 2013). 

 

4.2.4.2 Technique 

In order to assess the effect of HNSR model on TFF3 synthesis from HK-2 cells, ELISA 

was performed using supernatants, which were collected from experimental groups. The 

procedure was performed according to the manufacturer protocol (R&D systems™, 

Quantikine® ELISA; Minneapolis, USA).  

Firstly, 100 µl of Assay Diluent RD-68 (buffered protein base with preservatives) was 

added to an already coated 96-well plate with a monoclonal antibody against human 

TFF3. Then, 50 µl of serially diluted standards, recombinant human TFF3, (2500-39 

pg/ml) beside neat supernatants (from experimental groups) were pipetted into the well 

and incubated for 2h at room temperature on a horizontal orbital microplate shaker 

(Shaked-thermostate from ELMI Ltd, Riga, Latvia) set at 500 rpm. After that, washing 4 

times using 1:25 wash buffer (buffered surfactant with preservatives), adding 200 µl of a 

polyclonal antibody against human TFF3 conjugated to horseradish peroxidase (TFF3 

conjugate) to each well and incubation at room temperature on the shaker for 2h. Next, 



67 

 

washing was done again before adding 200 µl of substrate solution (hydrogen peroxide + 

tetramethylbenzidine). The plate was incubated in dark place at room temperature for 30 

minutes before a 50 µl of stop solution (2N sulfuric acid) was pipetted onto each well. 

Absorbance (OD) was measured at 450nm with wavelength correction at 540nm. 

 

4.2.5 Transmission electron microscopy (TEM) 

 

4.2.5.1 Principle 

The need for visualising tiny objects (less than 0.5 µm) that cannot be seen by light 

microscope encouraged scientist to develop electronic microscope (EM) which based on 

creation of electronic image using electronic beam. Generally, it is of two types; 

transmission (TEM) and scanning (SEM). In TEM, camera detect images that were 

generated from transmission of electronic beam through examined objects after 

magnifying those using magnetic lenses. The EM has the ability to magnify images up to 

2 million times with high resolution showing fine details; however, it is a highly 

demanding, expensive tool and very complicated requiring well trained staff as well as 

special place (JIC, 2015). 

 

 

Figure 4-1 A cartoon showing the main parts of transmission electron microscope (TEM). 
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4.2.5.2 Technique  

After setting up the HNSR model, a positive control was conducted via adding 0.2μM 

tunicamycin (Sigma-Aldrich, MO, USA) to flask with the same cell density for 16 hour 

(Gozuacik et al, 2008; Moon et al, 2014). When each time point finished, the cells were 

fixed with cacodylate buffered fixative (4% glutaraldehyde, 2% formaldehyde, 0.1 M 

sodium cacodylate and 2 mM calcium chloride) overnight. Then, the cells were washed 

with washing buffer (0.1 M sodium cacodylate+ 2 mM calcium chloride). Following a 

protocol of Dr Simon Byrne, after spinning down the cells at 2.3 g for 3 minutes, the 

supernatant was discarded and 200 μl of 2% osmium tetroxide was added to the cells for 

one hour (in this step the pellet turned black) to impart electron density of the cells. Then, 

the cells were washed with serial dilutions of ethanol (70%, 90 % and 100%). The cells 

were spun down (10 X for 3 minutes) and were drained between each dilution. An 

intermediate solution 1, 2 epoxypropane was used. Sparr’s epoxy resin was made up, and 

3 dilutions were made (33%, 50% and 66%) in epoxypropane. These increasing 

concentrations of resin were used to infiltrate the cell (incubation for 15 minutes followed 

by spinning down between adding each concentration). Later, an overnight incubation of 

the cells with fresh resin was done.  

On the next day, spinning down the cells was done followed by removal of the 

supernatant. The pellet was transferred to a BEEM capsule before covering it with fresh 

resin and a paper label was added after spinning down the capsule. The capsules were 

baked for 16 h at 60 0C then the polymerized resin blocks were removed from the plastic 

capsule. Ultramicrotome (Ultracut) was used in order to cut firstly semi- thin (40μm) and 

secondly ultra-thin sections. The first cutting was necessary in order to stain by toluidine 

blue and examine under light microscope for the presence of cells. After that, ultra-thin 

silver-pale gold sections were picked up on 300 square grid (Copper, 3.05 mm). Then, 

staining of the grid was performed. Firstly, incubation with 2% uranyl acetate was done 

for 2 minutes followed by 10 times washing in a special cabinet. Finally, these grids were 

stained with Reynold’s lead citrate and were examined under electron microscope. This 

step was done with Natalie Allcock, UoL Electron Microscopy Suite. 
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4.2.6 Statistics 

Experiments were repeated three times and readings were in triplicate (unless stated). 

Data interpretation, standard curve, nonlinear regression and interpolation (for ELISA) 

were calculated using Microsoft Excel ® 2010 and GraphPad Prism ® 6.07. Data were 

presented as mean ± SD and ANOVA and Tukey’s multiple comparison tests were used 

for analysing unpaired parametric data while Kruskal-Wallis and Dunn’s multiple 

comparison tests were used for comparing nonparametric results. Data was described as 

significant when p value was < 0.05.  
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4.3 Results 

 

4.3.1 Effect of HNSR on HK-2 cell mRNA expression of 

cytokines and inflammatory markers 

 

The purpose of these tests was to quantify candidate gene responses in a model of HNSR 

using PTEC of human kidney, HK-2. The results were normalised to both control groups 

and housekeeping gene beta 2 microglobulin (β2M) and presented as expression ratio (2-

∆∆CT) (Schmittgen and Livak, 2008). 

 

4.3.1.1 Alternative pathway 

Complement 3 (C3) mRNA was abundantly expressed by HK-2 cells in response to HNS 

for 6h alone without replenishment. Expression was significantly lowered after HNSR 

for 24h (p=0.034) and increased six folds after HNSR for 48h (p=0.0012) but was not 

significant in relation to HNS for 6h (p =0.076) (Figure 4-2 A).  

Properdin mRNA expression from HK-2 cells showed a different pattern although peak 

was from cells exposed to HNSR for 48h (1.338±0.037). It was significantly higher than 

HNS 6h (p<0.0001) but insignificantly higher than HNSR 24h (p> 0.05). However, the 

gene expression was significantly higher after HNSR for 24h than HNS for 6h (p=0.007) 

(Figure 4-2 B).  

Similar to the expression pattern of properdin, HK-2 cells exposed to HNSR for 48h 

expressed factor B (fB) mRNA significantly higher than both HNSR for 24h (p=0.005) 

and HNS for 6h (p=0.004). Although fB mRNA expression was higher from cells 

exposed to HNSR for 24h than HNS for 6h alone, it was not significant (p=0.12) (Figure 

4-2 C).  

Results for factor H (fH) mRNA expression from HK-2 cells revealed insignificant drop 

after HNSR for 24h stimulation in comparison to HNS for 6h alone (p=0.43). This was 

followed by an increamental increase in expression after HNSR for 48h stimulation which 
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was significant in relation to HNS for 6h and HNSR for 24h (p=0.042 and 0.0012 

respectively) (Figure 4-2 D).   

 

 

 

Figure 4-2: Quantitative measuring of mRNA expression of AP markers from in vitro renal HNSR model. 

C3 (A), Properdin (B), fB (C) and fH (D) mRNA expression from PTEC of human kidney (HK-2) among 

the three experimental groups. Results were calculated as (2-ΔΔCt) in comparison to β2-M mRNA expression 

as endogenous control. Quantitative report of each marker showing the expression curve for experimental 

groups and negative controls were shown below each graph respectively; n=3 in duplicates, data were 

presented as mean ± SD, p(*) < 0.05, (**)≤0.01, (***)≤0.001; HNS, hypoxia and nutrient starvation; HNSR 

24h and 48h, hypoxia and nutrient starvation followed by replenishment for 24 and 48 hours respectively. 
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4.3.1.2 Cytokines and inflammatory markers 

All three experimental groups have shown an expression of tumor necrosis factor α (TNF-

α) mRNA in incremental curve. HK-2 cells stimulated with HNSR for 48h expressed 

TNF-α mRNA significantly higher than both HNS for 6h-treated cells (p=0.012) and 

HNSR for 24h-treated group (p=0.015); however the latter was insignificantly greater 

than HNS for 6h (p=0.175) (Figure 4-3 A).  

Similarly, interleukin 6 (IL-6) mRNA was expressed from all stimulated groups. The 

greatest expression was from HNSR for 48h cells which was significantly higher than 

both HNSR for 24h (p=0.0026) and HNS for 6h (p=0.0008) groups. IL-6 expression from 

HNS for 6h was significantly less than HNSR for 24 group (p=0.0009) (Figure 4-3 B). 

The pattern of both caspase-3 and kidney injury molecule-1 (KIM-1) mRNA expression 

from HK-2 cells across the in vitro model was the same. Caspase-3 was expressed from 

HNS 6h (1.735±0.454) before falling (insignificantly) in HNSR 24h and ended with its 

maximum expression after HNSR for 48h, which was significantly higher than HNSR for 

24h and HNS for 6h (p=0.0008 and 0.0102 respectively). Similarly, KIM-1 was 

abundantly expressed from HNS for 6h then fell significantly after HNSR for 24h 

(p=0.013) stimulation before elevation back (peak) after HNSR for 48h (Figure 4-3 C, 

D). The latter elevation was significant in comparison to HNSR for 24h (p=0.024) but not 

with HNS for 6h (p=0.445). 
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Figure 4-3: Quantitative calculation of mRNA expression of inflammatory markers from in vitro renal 

HNSR model. TNF-α (A), IL-6 (B), Caspase-3 (C) and KIM-1 (D) mRNA expression from PTEC of human 

kidney (HK-2). Quantitative report of each marker were shown below each graph respectively; n=3 in 

duplicates, data were presented as mean ± SD, p(*) < 0.05, (**)≤0.01, (***)≤0.001; HNS, hypoxia and 

nutrient starvation; HNSR 24h and 48h, hypoxia and nutrient starvation followed by replenishment for 24 

and 48 hours respectively. 

 

4.3.1.3 Hypoxia markers  

Hypoxic markers were also studied in this renal HNSR in vitro model. Expression of tissue growth factor-

β (TGF-β1) mRNA from HK-2 cells was the greatest at HNS 6h then fell significantly to the lowest at 

HNSR for 24h (p=0.024). The expression was significantly raised after HNSR for 48h in relation to HNSR 

for 24h (p= 0.018) although it stayed significantly less than after HNS for 6h (p=0.039) (Figure 4-4A).  

VCAN, also called versican, mRNA was expressed by HK-2 cells after HNS for 6h (15.14±0.445) 

significantly higher than both after HNSR for 24h (p=0.0005) and HNSR for 48h (p=0.001) while VCAN 
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mRNA expression from HK-2 cells after HNSR for 24h was significantly less than HNSR for 48h 

(p=0.0054) (Figure 4-4B). 

Similarly, vascular endothelial growth factor (VEGF) mRNA was expressed by HK-2 cells stimulated with 

HNS for 6h was higher than both HNSR for 24h and HNASR for 48h though differences were not 

significant (p=0.076 and 0.105 respectively). Meanwhile the difference between HNSR for 24h and 48h 

was significant (p=0.0049) (Figure 4-4C).  

 

 

Figure 4-4: Quantitative calculation of mRNA expression of hypoxia markers from in vitro renal IRI model. 

TGF-β (A), VCAN (B), and VEGF (C) mRNA expression from PTEC of human kidney (HK-2). Results 

were calculated as (2-ΔΔCt) in comparison to β2-M mRNA expression as endogenous control. Quantitative 

report of each marker were shown below each graph respectively; n=3 in duplicates, data were presented 

as mean ± SD; p(*) < 0.05, (**)≤0.01, (***)≤0.001. HNS, hypoxia and nutrient starvation; HNSR 24h and 

48h, hypoxia and nutrient starvation followed by replenishment for 24 and 48 hours respectively. 
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In summary, all alternative complement pathway genes investigated are most prominent 

at a late time point (48 h). Similarly, cytokines (IL-6) gene, inflammatory marker gene 

(TNF-α), tissue injury marker gene (KIM-1) as well as apoptosis marker gene (caspase-

3) shows most expression after 48 h of media replacement as well. In contrast, hypoxia 

markers genes TGF-β, VCAN and VEGF were highest before replenishment; however, 

they were higher in HNSR for 48 h than for 24 h. These results pose a question about 

whether damage or repair processes are predominant after 48 h of media replenishment. 

 

4.3.2 Effect of HNSR on HK-2 cell expression of cytokines and 

inflammatory markers proteins 

 

After assessing the mRNA expression of different cytokines and inflammatory markers 

from human PTEC (HK-2) cells that were exposed to renal HNSR. Western blot assay, 

microarray proteome profiler (see appendix), ELISA were used to identify the type and 

quantity of proteins expressed from HK-2 cells stimulated with our in vitro renal HNSR 

model. 

 

4.3.2.1 ELISA 

The commercial ELISA, which was (R&D systems™, Quantikine® ELISA; 

Minneapolis, USA), could not detect TFF3 in the cell supernatant of any of the 

experimental groups of HNSR model, therefore, TFF3 was deemed to be below the 

detection limit of 39 pg/ml (data not shown). 

Part of the results from this chapter were published in an article about causes of TFF3 

release from human PTEC. The article showed that the HNSR model was a trigger to 

promote TFF3 protein synthesis in lysates from HK-2 cells, and this was maintained 

during the replenishment phase at 24 and 48 h. The article concluded that while it is 

known that TFF3 is regulated by HIF-1α, HNSR can cause intracellular abundance of 

TFF3 in the absence of TFF3 release (Zwaini et al, 2016). 
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4.3.3 Effect of HNSR on auto-phagosome formation in HK-2 

cells  

In order to investigate whether HK2 cells produce auto-phagosomes in response to HNSR 

injury or not, electron microscope was performed. Tunicamycin, which is N-linked 

glycosylation inhibitor and ER stressor that causes abnormal protein assembly was used 

as a positive control for autophagy. The hallmark of autophagy is the formation of auto-

phagosomes (Gozuacik et al, 2008). 

In this study, the normal control did not show any auto-phagosomes (Figure 4-5 A) unlike 

the positive control (which was exposed to tunicamcin) in which the autophagosomes 

were obvious (Figure 4-5 B). Interestingly, there was no evidence of autophagy after 

exposing the HK-2 cells to ischemia (hypoxia and Locke’s buffer) for 6 h only without 

reperfusion as there was not observable autophagosome (Figure 4-5 C) instead there were 

apoptotic cells (nuclear condensation, membrane blebbing). There were noticeable 

autophagosome formations after reperfusion for 24 h and 48 h (fig 9 D) which were more 

pronounced with signs of disintegration after 48 h (Figure 4-5 E). Images of each time 

point were investigated by 4 observers. 
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Figure 4-5: Representative transmission electron micrographs analysis (TEM) of HK-2 cells exposed to IRI 

model showing the autophagosome (arrow). (A) Cells at normoxia, negative control (B) Positive control 

(HK-2 cells treated with 0.2 μm Tunicamycin for 16 hours). (C) Ischemia for 6 h. (D) Ischemia for 6 hours 

followed by 24 hours replenishment. (E) Ischemia for 6 hours followed by 48 hours replenishment. Intact 

organelles are visible in early autophagosomes (row 4), whereas content is amorphous in late 

autophagosomes (row 5).  
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4.4 Discussion 

A well-designed in vitro model is crucial in understanding effectively cellular responses 

of PTEC while studying IRI and gives a foundation to subsequent in vivo work or analyses 

therein as well (Russ, Haberstroh and Rundell, 2007; Kurian and Pemaih, 2014). 

The study underlined that the conditions provoke a significant change in the mRNA 

expression of versican and IL-6 and that their responses are a quick, suitable control 

measure of the success of hypoxia (versican) and of inflammatory reaction expressed by 

the epithelial cells (IL-6). 

The profiler documents different states of activation/stress in HK-2 cells because the 

expression patterns are not only distinct between conditions but certain groups of proteins 

show similar dynamics. The array nicely showed that while some proteins were 

downregulated, implying perhaps a compromised state of the cell, others were 

upregulated. This indicates the complexity of the reaction that was captured in the in vitro 

model, and underlined the justification to first attempt a replacement strategy of animal 

modelling, where a multitude of factors impact on the target cells (Schumer et al, 1992). 

 

4.4.1 HK-2 response to injury 

The study showed that hypoxia and nutrient starvation increased trefoil factor 3 (TFF3) 

abundance in lysates from HK-2 cells, which continued during the replenishment phase. 

At HNSR 24 hours, hypoxia-induction markers (VEGF, FABP1, CXCL16) as well as 

HIF-1were greatly increased compared to control cells; however, VEGF mRNA was 

higher from HNS group than replenishment ones. Other studies emphasised the pivotal 

role of TFF3 during both restitution where cells are migrated toward lesion site to promote 

healing; and regeneration through enhancing cellular differentiation and proliferation of 

epithelia (Hernandez et al, 2009; Guleng et al, 2012). Conversly, the opposite to other 

genes of TFF peptide family, TFF3 mRNA was expressed in the cortex of the kidney and 

TFF3 peptide is detectable in urine samples from patients with renal stone (Rinnert et al, 

2010) and in serum of patients with chronic kidney disease stages 1-5 (Du et al, 2013) 

In vitro studies revealed that exposing cells (gastric) to hypoxia upregulates VEGF, HIF-

1, and TFF3 mRNA transcription (Hernandez et al, 2009; Guleng et al, 2012). Also, 
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CXCL6 gene promoter has a hypoxia-sensitive response element and is upregulated by 

HIF-1 in hepatocarcinoma cells (Tian et al, 2014) and CXCL16 was shown to be a pro-

inflammatory chemokines that is produced by HK-2 cells (Poveda et al, 2014).  

In vivo, PTEC can produce fatty Acid Binding Protein (FABP) that has been defined as a 

marker of hypoxic renal cell damage (Yamamoto et al, 2007), and CXCL 16, which is a 

chemokine that can mediate inflammatory cell recruitment and enhance renal injury 

(Poveda et al, 2014).  

 

4.4.2 Autophagosome 

As noticed from above results, it seems to be that apoptosis has been reported in this 

model where evidence of autophagy in the replenishment phase, which becomes more 

aggressive in 48 hours, were recorded suggesting that autophagy plays a role in protecting 

the PTEC from ischemia reperfusion injury. Several researches showed that autophagy 

could play a role in IRI (Jiang et al., 2010). Autophagosome could be defined as a vesicle 

like structure surrounded by double membrane in which sequestration of malfunctioning 

protein and organelles are accumulated (Suzuki et al., 2008). It is a way to eliminate waste 

material from the cell after being injured and in the same time, it could be a method of 

cell death. Furthermore Autophagy is a cellular sequential process involves up taking, 

transport to lysosme, digestion and recycling intracellular malfunctioning protein and 

destructive apparatus in order to achieve cellular homeostasis (Mizushima, 2007). 

Recently, there is a debate whether autophagy is a mechanism of cell death or a 

compensation step for cellular welfare. Autophagy is involved in many clinical 

applications such as neurodegenerative disease and ischemia reperfusion injury. In 

addition, there is very little known about the contribution of autophagy in pathogenesis 

of ischemia reperfusion injury of human kidney (Jiang et al., 2010).  

Autophagy could play a dual effect in cellular homeostasis in response to cellular stress 

(specifically and in our context is HNSR injury) (Jiang et al., 2010). It has been found 

that blockade of Beclin-1 and autophagy related 5, ATG5 (the hallmark genes of 

autophagy) by 3-methyladenine, primes the tubular epithelial cells to hypoxia induced 

apoptosis. Interestingly, autophagy was not evident during ischemia itself, but it is more 

prominent during reperfusion. Therefore, autophagy may be regarded as a protective 
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mechanism in IRI of renal tubular epithelial cells. This is consistent with in vitro (rat) and 

in vivo (mice) studies which were done by Jiang and his colleagues in 2010 demonstrating 

the possibility of defensive effect of autophagy against cell injury during repefusion phase 

of IRI (Jiang et al., 2010). 
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5 Chapter five (mouse model of renal IRI and the 

role of complement properdin) 
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5.1 Introduction  

Acute kidney injury (AKI) occurs in various clinical settings, prolongs hospitalization 

and leads to overall mortality rate of 50% in the past 5 decades (Khajuria et al, 2014; 

Ympa et al, 2005). IRI is an inflammatory process that is considered as a major cause of 

AKI and is associated with chronic kidney disease (CKD). Renal transplantation 

transforms the lives of patients with end stage renal disease (ESRD). Unfortunately, 

different complications including IRI sometime cause the failure of renal allograft again 

(Hesketh et al, 2014). Efforts to prevent IRI compete in targeting both ischemia and 

reperfusion phases (Morris et al, 2013). Nevertheless, the exact mechanism of IRI-

mediated damage is still unclear, but the activation of the complement systems has 

pleotropic roles in the pathogenesis of renal IRI (Lesher et al, 2013). More recent 

attention has focused on the harmful effect of complement activation, which results in 

more tissue damage and exacerbates renal fibrosis, during renal IRI in humans while its 

downregulation reduces renal injury morphologically and functionally (Danobeitia, 

Djamali and Fernandez, 2014). 

 

5.1.1 Discovery and structure of properdin 

Pillemer et al., (1954) discovered a haemolytic activity distinct from i.e. alternative to, 

the classical pathway of complement activation and subsequently identified a plasma 

protein that was named by properdin later (Pillimer et al, 1954). It is glyco-oligomer of 

dimers, trimers, and tetramers (circulating in blood in 1: 2: 1 ratio) with each monomer 

being functionally active (capable of C3b binding) (Gaarkeuken et al, 2008; Schwaeble 

and Reid, 1999). The monomer has seven thrombospondin repeat type I domains (TSR0-

6) and 442 amino acids subunits resulting in a molecular weight of about 53 kDa. The 

serum concentration is 5-25 μg/ml for humans (Cortes et al, 2012) but there is variability 

between populations (Stover et al, 2015). Unlike other complement components which 

are synthesised and secreted from liver, properdin is secreted in response to inflammatory 

markers from various cell types such as monocytes, T lymphocytes, granulocytes and 

dendritic (myeloid, Langerhans, dermal, and plasmacytoid) cells; endothelial cells release 

properdin secondary to trauma or shear stress (Cortes et al, 2012). 
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5.1.2 Properdin function 

Complement properdin is the only positive regulator of the alternative pathway of 

complement activation via stabilising the C3bBb and C5 convertases (Ruseva et al, 2013). 

Interestingly, properdin showed another role after a number of researchers having 

reported that properdin can act as a pattern recognition molecule (Kemper and Hourcade, 

2008; Xu et al, 2008). It is released from activated neutrophils, binds directly to apoptotic 

T cells in vitro before being engulfed by phagocytic cells (macrophage and dendritic cells) 

in a non-complement pathway (Kemper, Atkinson and Hourcade, 2009).  

The aim from this chapter is to explore the underlying mechanism of properdin in a mouse 

model of in vivo renal IRI; its association with caspase-3, in the context of immunity, 

inflammation, apoptosis, autophagy, proliferation and repair, at both early and later stage 

of renal IRI. Lastly, the effect of modulating properdin on these injuries, in order to 

validate new mechanistic insights and benefit diagnosis and intervention. 
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5.2 Materials and methods 

 

5.2.1 Experimental design 

An in vivo renal IRI model was established in mice, which would allow when using 

congenic properdin-deficient (PKO) and wild type (WT) mice to assess the role of 

properdin. Both age and sex matched C57BL/6 wild type (WT) and properdin knockout 

(PKO) mice were exposed to renal ischemia by bilateral clamping of pedicles for 30 

minutes followed by perfusion for 72 hrs, and the model was summarised in (Figure 5-1).  

3 (1 WT and 2 PKO) mice were excluded from the study due to their prompt deterioration 

postoperatively. The experiment was terminated after about 24 hrs for 4 (3 WT and 1 

PKO) mice, after 48 hrs for another 3 (1 WT and 2 PKO) animals, and one (PKO) after 72 h. 

Thereafter, mice were classified into WT sham (n=4), PKO sham (n=5), WT IRI (n=9) and 

PKO IRI (n=7). There was no significant difference in survival rate among the four 

experimental groups (p> 0.05), although that all sham mice survived and the survival rate 

of PKO mice exposed to surgery was less than that of wild type (Figure 5-2).   

 

Figure 5-1: Experimental design of in-vivo murine renal IRI.  Ischemia for 30 minutes was induced 

followed by reperfusion for 72 hrs. Wild type (WT), properdin knockout (PKO), Ischemia reperfusion 

injury (IRI). 
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Figure 5-2 Deterioration rate of mice before culling using Kaplan–Meier. The period was measured from 

time of surgery until termination with animal euthanasian at 72 hrs post operation. WT: wild mice, PKO: 

properdin knockout, IRI: ischemia-reperfusion injury 

 

5.2.2 Induction of renal IRI 

Male properdin knockout (PKO) and congenic C57BL/6 wild type (WT) mice (8-12 weeks 

old) were taken from a colony maintained at University of Leicester (Stover et al., 2008). 

Mice were housed in groups in ventilated cages at 210C, 50% humidity, with 12/12 h 

light/dark cycle, and had ad libitum access to food (TestDiet, 5LF2) and tap water. The 

in vivo ischemia reperfusion model was conducted in the surgical unit in the Central 

Research Facility at University of Leicester under the auspices of the Named Veterinary 

Surgeon. The procedure was performed in accordance with regulations of the Home 

Office (Scientific Procedure Act 1986, UK) and ethical approval of the institution 

(PPL70/8169, PIL IA536CDE7), and optimised according to a previous study and 

published paper (Wei and Dong, 2012).  
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Mice were weighed, anaesthesised (by inhalation of oxygen and 5% isoflurane), and, in 

supine position under inhalation of oxygen and 2% isoflurane, prepared for surgery by 

clipping fur and wiping with 70% alcohol swab. Analgesics (10 mg/kg Carprofen 

(Carprieve®, 50 mg/ml), 0.1mg/kg Buprenorphine (Vetergesic®)) were subcutaneously 

injected.  Mice were positioned on a heated mat. 

This was followed by local subcutaneous injection of 40 µl 1:10 diluted bupivacaine 

hydrochloride (Marcaine®, 2.5 mg/ml) at wound site (maximum dose is 2 mg/kg). 

Thereafter, the mouse was turned to its side, approaching kidney in the retroperitoneal 

space through oblique loin incision. Then the renal pedicle was isolated where both renal 

artery and vein were clamped using a non-traumatic microvascular clips. Occlusion was 

confirmed by observing patched blanching of the entire kidney surface and change of 

colour of the kidney from red to dark purple after several minutes (Figure 5-3). After 30 

minutes, the clip was released from the pedicle permitting renal blood flow restoration 

(kidneys were observed for a further five minutes to ensure colour change) which 

represented the beginning of the reperfusion phase. The kidney was returned back to its 

position, the incision was sutured in two layers (Yang et al, 2013), then the mouse was 

turned on its other side and the procedure repeated contralaterally after injection of 

Marcaine as before. Before suturing this last incision, 1 ml saline (pre-warmed at 37°C) 

was administered into the abdomen to counteract dehydration.  

Postoperatively, after supervised recovery from anaesthesia, mice were transferred to 

their holding area with some food available on cage floor. General appearance was closely 

monitored (starry coat, hunched, piloerection) and mouse grimace scale, a 0-2 facial 

expression- based scoring system to assess pain in animals which based on monitoring 

five criteria (orbital tightening, nose bulge, cheek bulge, ear position, and whisker 

change) (Sotocinal et al, 2011), was used as well.  Second dose of both drugs carprofen 

and buprenorphine were given next day, and some time they need another dose the day 

after.  
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Figure 5-3 Surgical operation for renal IRI induction in mouse. A loin incision and renal pedicle recognition 

(A), the pink red kidney before clamping (B), clamping of both renal artery and vein for 30 minutes (C) 

and the  dark red colour of the kidney due to ischemia (D). 

5.2.3 Harvesting kidneys and tissue collection 

All procedures were performed as described in project licence (PPL) where the perfusion 

stage stopped at 72 h. At this time point, mice were bled by cardiac puncture under 

terminal anaesthesia (inhalation of oxygen and 5% isoflurane) and drops of urine were 

collected. 

In order to harvest kidneys, the abdominal wall was opened through midline laparotomy 

followed by dissection of internal viscera reaching the retroperitoneal space for careful 

harvesting of both right and left kidneys intact from their surrounding fascia after 

dissecting renal artery, vein and ureter. Thereafter, each kidney was divided into 4 pieces; 

the first one was preserved in CellStor Pot (03704206) containing 4% formaldehyde (w/v) 

in normal saline overnight at room temperature. It was sent to pathology laboratory in 

Royal infirmary hospital/Leicester (LRI) in order to prepare paraffin-embedded tissue 

and slides for haematoxylin (H) and eosin (E) staining.  

The remaining three pieces were transferred to cryotube and stored in liquid nitrogen after 

few tiny pieces approximately 1-2 mm3 were cut (from second one) and kept in fixative 

for electron microscope assessment (2% v/v formaldehyde, 2.5% v/v glutaradehyde, 100 
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µM sodium cacodylate and 2 mM calcium chloride) for 24 h at 4 0C. These pieces were 

transferred to buffer containing only 0.1 mM sodium cacodylate and and 2 mM calcium 

chloride at 4 0C until they were processed. A small portion was cut from the third quarter 

and was stored in an optimum cutting temperature (O.C.T ®) compound (Thermo 

Scientific, IL, USA), a glycol- based cryoprotective embedding medium, before freezing 

in liquid nitrogen. In the meantime, the collected blood was centrifuged at 10000 g for 10  

minutes at room temperature to separate serum, which was transferred to a clean sterile 

1.5 ml reaction tube and stored at -20 0C. 

 

5.2.4 Tissue homogenisation   

Soluble proteins were isolated from renal tissues of the four experimental groups using 

FastPrep-24™ 5G (MP biomedicals, CA, USA) homogeniser. Firstly, a piece of the renal 

tissue was mixed with 50 mM/l tris/ acetate buffer (TA) in a ratio of 9 µl/mg of renal 

tissue. Then, the mixture was processed by the homogeniser for 20 second and was kept 

on ice for 5 minutes. The process was repeated three times before centrifuging the 

contents at 13000 rpm at 40C for 10 minutes (Fresco17, Thermo Scientific, IL, USA). The 

supernatant was transferred to another tube to be frozen at -200C. 

 

5.2.5 Total protein quantification 

Determination the relative differences in protein levels among experimental samples in 

ELISA (in western blot as well) requires loading same amounts of protein in each well in 

which later considers as reference for normalising protein of interest (Eaton et al, 2013).  

According to the manufacturer’s standard microplate protocol, quantification of total 

protein was measured using Coomasie Plus™ assay kit (Thermo Scientific, IL, USA). 

First, albumin (BSA) standard was prepared via serial dilution to get standard samples 

with concentrations of 2000, 1500, 1000, 750, 500, 250, 125, 25 µg/ml in addition to 

blank (0 µg/ml). Next, a 10 µl of each standard and unknown sample and 300 µl of 

Coomassie Plus Reagent were loaded in microplate well and mixed on plate shaker for 

30 seconds. The plate was incubated at room temperature for 10 minutes. Absorbance 

was measured at 595 nm with plate reader (Biorad, iMark).   
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Absorbance of standard samples were corrected by blank absorbance subtraction. Linear 

standard curve were created (r= 0.943) via plotting the corrected absorbance of standards 

against their concentrations. Concentrations of unknown samples were calculated via 

interpolating their absorbance against standard curve. Graphpad Prism version 6.04 

(GraphPad Software, San Diego California USA). 

 

5.2.6 Evaluating renal function  

5.2.6.1 Blood urea nitrogen (BUN)  

Protein catabolism leads to formation of toxic ammonia, which the body discards by 

excreting its final product (urea) through the kidneys. The measurement of blood urea 

nitrogen (BUN) is an indicator of kidney function. Bioassay System creatinine assay kit 

is designed to calculate urea directly in serum. The principle of its action is through 

formation of chromogenic reagent that forms a coloured complex with urea and the 

intensity of the colour, measured at 492nm, is linearly propotional to serum urea 

concentration. According to the manufacturer protocol (QuantiChrome™Creatinine 

Assay Kit (DIUR-500); BioAssay Systems, Hayward, USA), 5 µl of diluted serum (1:10), 

standard 50mg/dl and water (blank) was transferred to the Maxisorp 96-well plate in 

duplicate. A premixed of 100 µl working reagent A  and 100µl reagent B were added to 

each well before being incubated for 20 minutes at room temperature. The optical density 

(OD) was measured at 492 nm in a plate reader TECAN™ infinite f50 V7.0. The data 

were exported to excel file and the blood urea nitrogen concentration was calculated 

according to the formula: 

[BUN(simple)]= [OD(Sample)-OD(BlankA)] / [OD(STD)- OD(Blank B] * Dilution factor * [STD] 

 

5.2.6.2 Serum creatinine 

Measuring serum creatinine is routinely carried out to evaluate kidney function. It gives 

a rough guide of renal creatinine C4H7N3O, which results from degradation of an 

endogenous amino acid named creatine C4N9H3O2 that plays role in energy preservation. 

Renal glomeruli filter creatinine and excrete it intact with urine (Sana et al, 2008; 

Leelahavanichkul et al, 2014). Bioassay System creatinine assay kit is designed to assess 
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creatinine from blood serum directly without any pre-treatment. This assay depends 

mainly on colorimetric analysis of different intensities of the coloured creatinine complex 

(red) which is measured at 492 nm. According to the manufacturer protocol 

(QuantiChrome™Creatinine Assay Kit (DICT-500); BioAssay Systems, Hayward, 

USA), 30 µl of diluted serum (1:10) and standard (2 mg/dl) was transferred in duplicate 

into Maxisorp 96-well plate. 200 µl of equal amount of pre-mixed solution working 

reagent A and reagent B was added to each well. Then, the optical density was read 

immediately (OD0) and after 5 minutes (OD 5). The data were exported to Excel file and 

the concentration was calculated as follow: 

Serum creatinine(Sample)=[OD(Sample5)-OD(Sample0)] / [OD(STD5)-OD(Sample STD0)] * 

[STD](mg/dl) * Dilution factor. 

 

5.2.7 Microscopic features   

Gross examination of retrieved kidneys from different study groups was performed to 

record shape, patterns of outer layer or cortex (pink) and inner layer or medulla (dark) as 

well as macroscopic differences between kidneys. 

 

5.2.7.1 Haematoxylin and eosin (H and E) stain and Periodic Acid-Schiff 

(PAS) stain 

After preparing H&E stained slides from all kidneys, 12 fields from cortical areas sides 

were examined using light microscope (Olympus, Japan) under magnification power of 

40 X objectives by two independent observers to evaluate the histological changes before 

scoring them. Wilcoxon matched-pairs signed rank test was used to assess the 

interobserver error. There was no significant difference between data of the two observers 

(p > 0.05) with successful pairing. Scoring was ranged from 1-4 based on six microscopic 

morphologic observations: interstitial oedema (widening of the space between the 

proximal tubular epithelium), interstitial infiltration, dilatation of tubular lumen, 

detachment of cells inside the lumen, protein cast and tubular vacuolisation. Grade 1 is 

representing histologic changes <25%, 2= 25%-50%, 3= 50%-75% and 4= >75% 

respectively. The mean of the 12 fields for both right and left kidney of each mouse were 
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calculated (Yang et al, 2006). Additionally, the slides were stained with PAS to detect 

the brush border of proximal renal tubules (Yabuki et al, 2001). 

Mitotic figure counting during the metaphase of cellular meiosis is an indicator for cell 

proliferation or division (Cireşan et al, 2013). During metaphase, the chromosomes are 

aligned in the middle of nucleus forming metaphase plate by the help of spindle fibres 

(Bill Grimes, Rick Hallick, Ken Williams, 2004). 

 

5.2.7.2 Transmission electron microscopy (TEM) 

Transmission electronic microscope (TEM) was used to assess the cellular changes of the 

renal proximal tubules of murine kidneys which were harvested from 4 mice (2 WT and 

2 PKO) exposed for our in vivo IRI model. Ten fields at the same magnification power 

were chosen to be examined for each kidney before calculating the summation of the 

average. The criteria for scoring were depending on the appearant health of the 

mitochondria, brush border, state of nucleus, presence of autophagosome and cytoplasmic 

vacuole. For each criterion, findings were scored from 0-3 based on observed degrees of 

damages. Regarding mitochondrial status; 0=healthy one; 1 and 2= abnormal swollen 

mitochondria observed in less than 50% and 50%-75% respectively; 3= totally damaged 

mitochondria. Observing normal brush border was scored 0; 1 (and 2) = damage of less 

than 50% (and 50%- 75%) of brush border; 3= total absence of brush border. Scoring of 

nucleus condition was 0= normal nucleus; 1= swollen nucleus; 2= more damage to the 

nucleus in terms of irregular indentations of the nuclear membrane and condensation of 

chromatin materials; 3= damaged nucleus. Meanwhile, presence of no or scanty 

autophagosome (the same for vacuoles) equalled to 0; 1 (and 2) when autophagosome 

(vacuoles) observed over less than 50% (and 50%- 75%) of the field; 3= autophagosome 

(vacuoles as well) distributed all over the field and/ or presence of lysosomal 

autophagosome.  
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5.2.8 Investigating the underlying mechanism of injury during 

renal IRI 

In order to detect the possible molecular mechanism that resulted in the deterioration in 

renal structure and function of both wild and properdin knockout mice after renal IRI, 

production of various proteins were measured in both serum and tissue homogenates of 

murine kidneys using several techniques. 

 

5.2.8.1 Western immunoblotting  

In this chapter, it was used to detect protein synthesis in renal tissue homogenate of PKO 

mice and their WT mates that were exposed to surgical IRI as well as their correspondent 

sham. 

 Principle 

It is a commonly used analytic technique, which enables researchers to identify the nature 

or the amount semi- quantitatively of proteins that were separated and then were 

transferred to a membrane. An electrical current is used to mobilise protein from the gel 

and adhere to the membrane where it is stained with antibody (Mahmood and Yang, 

2012). 

 

 Sample preparation and gel electrophoresis 

The percentage of the resolving gel was varied depending on the molecular weight of the 

protein of interest. Both resolving and stacking gels (Table 5-1 and Table 5-2Table 5-2) 

were prepared according to the laboratory protocol. 20 µg of measured protein was added 

after mixing it with 2X Laemmli sample buffer (Biorad, Hertfordshire, UK) containing 

5% mercaptoethanol (Sigma-Aldrich, MO, USA) in a ratio of 1:1 leaving a lane (well) 

for 10 µl of precision plus protein dual colour standard ladder (Biorad) to assess the 

relative molecular weight of each protein. Later, the gel was run first at 90 V for half hour 

then at 120 volts for 1.5 hrs using 1 X SDS running buffer (Table 5-3). Finally, the gel 

was ready to be blotted.  
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Table 5-1 Reagents and quantities were used to prepare different percentages of resolving gel (10 ml). SDS: 

Sodium dodecyl sulphate, APS: Ammonium per sulphate, TEMED: Tetramethylethylenediamine. 

Material 8% 10% 12% 15% 

Water 4.6 ml 4 ml 3.3 ml 2.3 ml 

30% Acrylamide: bisacrylamide (37.5:1) 2.7 ml 3.3 ml 4 ml 5 ml 

10%  SDS 0.1 ml 0.1 ml 0.1 ml 0.1 ml 

1.5 M tris (pH: 8.8) 2.5 ml 2.5 2.5 2.5 ml 

10% APS 0.1 ml 0.1 ml 0.1 ml 0.1 ml 

TEMED 0.006 ml 0.006 ml 0.004 ml 0.004 ml 

 

Table 5-2 A Regents and quantities used to prepare 5m of 5% stacking gel. SDS: Sodium dodecyl sulphate, 

APS: Ammonium per sulphate, TEMED:Tetramethylethylenediamine. 

Material  Amount 

Water 3.4 ml 

30% acrylamide 0.83 ml 

1 M tris pH 6.8 0.63 ml 

10%  SDS 0.05 ml 

10% APS 0.05 ml 

TEMED 5 µl 

 

 

Table 5-3 Reagents and quantities were used to prepare 10 X of SDS running buffer.  SDS: Sodium dodecyl 

sulphate. 

Material Amount 

Tris base (Thermo Fisher scientific, USA) 30 g 

Glycine (Thermo Fisher scientific,EC 200-272-2) 144 g 

Sodium Dodecyl Sulphate (Fisher scientific) 10 g 

Distilled water Up to 1 L 
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 Electro blotting  

It is used to transfer the protein from the gel and adsorb it into the membrane. In the first 

place, the transfer stack or sandwich is prepared. It is composed from gel and 

polyvinylidine fluoride membrane (PVDF) and surrounded by filter (Whatman) papers 

and sponge. More importantly, to arrange them in a correct way (the gel is toward cathode 

while the membrane toward anode) as the electrical current is move in a perpendicular 

line from cathode (black) to anode (red) to permit protein to move from gel to membrane. 

Then, in the presence of 1 X blotting buffer (Table 5-4), blotting was done either at 100V 

at room temperature using ice pack or overnight at 15V at 4 0C depending on the optimum 

condition for the individual protein (Figure 5-4). 

 

Table 5-4 Reagents and quantities were used to prepare 10 X of transfer (blotting) buffer. 

Material Amount 

Tris base (Fisher scientific) 30 g 

Glycine (Fisher scientific) 144 g 

Distilled water  Up to 1 L 

 

 

 

Figure 5-4 Western blot from (Bio-Rad). The running of the gel inside the tank (A) and the arrangements 

of the cassette between the two poles during electro-blotting (B). 
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 Probing with primary and secondary antibodies  

The membrane is immersed in a blocking buffer (5% non- fat milk in TBS-T) for 1 h to 

block the empty surface of the membrane, which is characterised by high affinity to 

protein binding. This will reduce the interference through preventing the unwanted 

binding of the detecting antibodies. Afterward, incubation with various antibodies (Table 

5-5Table 4-1) diluted in 1X TBS Tween 20 was performed. Normalisation of target 

protein were performed against endogenous loading control (β-actin). 

 

Table 5-5 Primary and secondary antibodies were used in western blot.  

Name of 

protein 

primary 

antibodies 
Origin Dilution 

Secondary 

antibody 
Origin Dilution 

Band 

size 

NFkB 

Rabbit 

NFkB  

polyclonal 

antibody 

Santa 

Cruz 
1: 500 

 Swine 

Antirabbit 

 Dako 

Denmark 
1 3000 65 kDa 

HMGB-1 

Rabbit 

HMGB1 

polyclonal 

antibody 

Proteinte

ch/ 

Uourpe 

1: 500 

ChemoMate 

En Vision 

detection kit 

HRB – 

rabbit / 

mouse 

labelled 

polymer 

  

 

Dako 

Denmark 

  

  

  

1 40 29 kDa 

PCNA 

Monoclonal 

Mouse Anti-

Proliferation 

cell  nuclear 

antigen 

Dako 

Denmark 
1: 1000 1 40 36 kDa 

TGF-β 
Rabbit anti -

TGF-β  

Santa 

Cruz 
1: 500 1 40 

12.5,25 

kDa 

Caspase 3 

Rabbit 

polyclonal 

antibody 

Santa 

Cruz 
1: 400 1 40 

32 the 

procaspa

se 3,17 

and11 

the 

cleavage 

product 

β-actin  

Monoclonal 

Mouse Anti-

ACTB 

Antibody 

Abcam 1: 5000 1 40 42 kDa 
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The probing with primary antibody was performed either at room temperature for 2 h or 

overnight at 4 0C depending on the optimization of each antibody used. Then, washing 

with 0.05% (v/v) Tween 20 (Sigma-Aldrich, MO, USA) in TBS. Thereafter, probing with 

horseradish peroxidase (HRP)-conjugated secondary antibody for 1 h was performed at 

room temperature and finally was washed. 

 

 Detection  

The end step, detection and staining, was done by using Pierce® ECL Western Blotting 

Substrate (Thermo Scientific, USA). A mixture of enhanced-chemiluminescence (ECL) 

reagent (1 ml reagent A or luminol and 1ml reagent B) was applied to the membrane; 

wrapped in plastic sheet protector; and exposed to film (Bio-Max Light, Sigma-Aldrich, 

MO, USA) in a light-tight cassette until antibody-reactive bands were detected (exposure: 

1-30 minutes). Next, the film was immersed in developer solution for 1 minute, washed 

by water, immersed in fixer solution (1 minute), washed with water again and left to dry. 

An alternative, easier and faster, method for detection has been used later where after 

ECL applying to the membrane, detection was performed using ChemiDoc™ Imaging     

quantitatively using rolling disk method to subtract background and lane profile to assess 

a three-dimension quantity. Both lanes and bands were firstly detected before measuring 

volume (density) for both protein of interest and endogenous protein for each sample 

(Figure 5-5). Data of both target proteins and endogenous controls (β- actin) were 

exported to Microsoft excel for further analysis where, at the beginning, the correction 

factor for each sample was calculated by dividing the average density of endogenous 

control by individual sample. Then, the normalised density of each time point where 

measured by multiplying the density (volume) of protein of interest by its correction 

factor (see equation below). Finally, ratio of experiment to its control was considered in 

our figures. 

Normalised density of Protein of interest= Protein of interest (Volume) X [Mean density 

of endogenous control (Volume)/ Density of specific endogenous control (Volume)] 
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Figure 5-5 Method illustration of semi quantitative calculation of protein expression from different HNSR 

model groups by detecting lanes and bands (A) and measuring density (volume) (B) using V.5 Image Lab 

software from Bio-Rad. 

 

5.2.8.2 Enzyme Linked Immunosorbent Assay (ELISA) 

Both sera and tissue homogenates of WT and PKO mice were taken (5.2.3) to measure 

quantitatively multiple inflammatory and complement proteins production in the four 

mice groups. While the principles of sandwich ELISA were elaborated before (chapter 

3), the technique followed the manufacturers’ guidance as detailed below.  

 

A. Serum complement factor C5a 

Initially, the protocol used in Dimitrova et al., 2010 (arthritis model in properdin- 

deficient mouse) was followed to measure C5a in serum (Dimitrova et al, 2010). Because 

of technical difficulties to quantify the amount of complement, a commercial ELISA 

assay kit was used to measure natural and recombinant mouse complement component 

C5a; following the manufacturer’s protocol (Duo Set® ELISA, DY2150, R and D 

Systems, Minneapolis, USA). Firstly, 100 µl of 4µg/ml capture antibody rat anti-mouse 

C5a (842652) was coated on the maxisorp 96-well plate and incubated overnight at room 

temperature. Then, washing was done using 0.05% (v/v) Tween ® 20 in PBS twice for 

three washes. The plate was blocked using 300 µl of 1% (w/v) BSA for 1 hour. After 

washing three times again, a 100 µl serially diluted standards (recombinant mouse C5a, 
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842654) (1000 pg/ml) were added to the samples and incubated for 2 hours. Optimisation 

was performed with different dilution factors (1:200, 1:400 and 1:1000) in order to get 

the sample on the standard curve. Washing was repeated and 100 µl of the detection 

antibody (biotinylated goat anti-mouse C5a, 842653) (200 ng/ml) was added for 2 hours. 

Another wash was done and 100 µl of the streptavidin –HRP (890803) (1:200) was added 

for 20 minutes in dark. Last washing was done before adding the 100 µl of   substrate 

solution TMB [made from dissolving a TMB tablet (Sigma-Aldrich, MO, USA) in 

phosphate buffer] and it was incubated for 20 minutes. Sulphuric acid (2 N) as a stopping 

solution (50 µl) was added before the two reading at 450 nm and 570 nm was done in the 

Varioscan. The OD of the standard was calculated and subtracted from the 0 reading and 

concentrations were calculated via interpolating absorbance against a four parameter 

logistic (4-PL) curve fit standard curve using Graph Pad PRISM 6.07 analysis software 

(GraphPad Software, La Jolla, California, USA). 

 

B. Serum chemokine CXCL16 

Sandwich ELISA also was used to measure natural and recombinant mouse CXCL16 in 

accordance with manufacturer’s protocol (abcam®, USA). Firstly, multiple standards 

(recombinant mouse CXCL16) were prepared via serial dilution (80 pg/ml – 1.25 pg/ml) 

and zero and samples were diluted 1:100. A 100 µl from standards and the samples were 

added to antibody- coated plate containing capture antibody specific for mouse CXCL16 

and were incubated at room temperature for 2.5 hours. Plate was washed four times with 

1 X wash solution, 100 µl the detection antibody (biotinylated CXCL16) was added and 

incubated for 1 hour and washing was repeated. A 100 µl streptavidin –HRP was added 

for 45 minutes in dark with gentle shaking. Lastly, washing was done before adding the 

100 µl substrate solution TMB and the plate was incubated for 30 minutes with gentle 

shaking. A stopping solution (50 µl) was added before reading at 450 nm.  

 

C. Serum monocyte chemoattractant protein-1 (MCP-1/ CCL2) 

According to the manufacturer’s protocol (Mouse CCL2 ELISA Ready-SET-GO, 

eBioscience,88-7391, USA), 100 µl capture antibody (Pre-titrated, purified antibody) in 

1 X coating buffer was added to a 96-well plate of Coat Corning Costar and incubated 
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overnight at 4 0C. Next day, the wells were aspirated and washed (3 times for about 1 

minute each) with washing buffer (0.05% tween-20 in 1 X PBS) before commencing 

blocking by adding 200 µl of 1 X ELISA/ELISPOT diluent for 1.5 hour at room  

temperature and followed by single washing with wash buffer. The maximum standard 

was prepared (2000 pg/ml) first  performed and followed by adding  100 µl of serial 

diluted standards (maximum 2000 pg/ml) and the diluted serum(1:50) and incubated 

overnight at 4 C0 to maximize the sensitivity. Washing 3 times, then 100 µl of detection 

antibody for 1 hour at room temperature. After that, another 3 time washes, then 100 µl 

of Avidin-HRP was added and incubated for 30 minutes, another 5 times wash done with 

soaking time 2 minutes ,then 100 µl of 1 x TMB was added and incubated or 15 minutes 

at room teprature then 50 µl stop solution added. Then the plate was read at 450 nm with 

correction wavelength at 570 nm at the Varioskan machine. 

 

D. Serum C5b-9 

Sandwich ELISA kit (TCC C5b-9, CUSABIO, Hubei, China) was used for quantitative 

determination of mouse terminal complement complex (C5b-9) in serum. According to 

the manufacturer’s guidance, all reagents were prepared, samples were diluted 1: 200, 

and standards were prepared via serial dilution (50, 25, 12.5, 6.25, 3.12, 1.56, 0.78 ng/ml) 

and 0 standard. 100μl of standard and sample well were added for their correspondent 

well and covered with the adhesive strip. After 2 hours incubation at 37°C, the liquid of 

each well was aspirated without washing. Next, 100μl of Biotin-antibody (1x) was added 

to each well and was covered with a new adhesive strip. Then, well was incubated for 1 

hour at 37°C before aspirating each well and washing, which was performed by filling 

the well with 200μl of wash buffer for 2 minutes, three times. 100μl of HRP-avidin (1x) 

was added to each before covering the microtiter plate with a new adhesive strip and 

incubating it for 1 hour at 37°C. The aspiration/wash process was repeated 5 time as 

before and 90μl of TMB substrate was added to each well. Another incubation for 15-30 

minutes at 37°C was conducted and 50μl of stop solution was added to each well.  The 

optical density of each well was measured within 5 minutes, using a microplate reader set 

to 450 nm and wavelength correction at 570 nm. 
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E. MCP-1/ CCL2 in tissue homogenate 

Monocyte chemoattractant protein 1 (MCP-1) which also known as CCL2 was measured 

in tissue homogenate of mice using mouse MCP-1/CCL2 ELISA Kit (Sigma-Aldrich, 

MO, USA). Other studies revealed a wide range of MCP-1 level from more than 1000 

pg/µg of total protein in a mouse model of haemolytic uremic  syndrome (Keepers, Gross 

and Obrig, 2007) to less than 5 pg/mg in murine IRI (Stroo et al, 2015). Therefore, the 

total protein loading was firstly optimised with different amount (500,250,100 and 50 

µg). The result showed a loading protein of 20 µg was best amount that fit in the middle 

of the standard curve. According to the manufacturer’s protocol guidance, all reagents 

were brought to room temperature (18-25 0C) and before preparing appropriate dilutions 

of the materials. The standard stock was prepared in a concentration of 2000 pg/ml and 

from this; a serial dilutions were pipetted to have 666.7, 222.2, 74.07, 24.69, 8.23, 2.74, 

and 0 pg/ml. 100 µl of both sample and standard were added to a ready MCP-1 antibody 

-coated plate in duplicate for 2.5 h at room temperature. Solutions were discarded and 

plate was washed four times with 300 µl of 1X buffer. 100 µl of 1X biotinylated detection 

antibody was added to each well and incubated for 1 h at room temperature with slight 

shaking. Thereafter, the solution was aspirated and the plate was washed 4 times as above 

before adding 100 µl HRP streptavidin reagent for 45 minutes at room temperature as 

well. Again, the solution was removed and washing was performed as before. Finally, a 

100 µl of ELISA colorimetric TMB solution was added, incubated at room temperature 

in dark place for 30 minutes, 50 µl stop solution was added and read by plate reader 

(Biorad, iMark) instantly at 450 nm. 

A best fit (second polynomial) standard curve (r= 0.9991) was created using Graph Pad 

PRISM, 6.07 (GraphPad Software, La Jolla, California, USA). Absorbance of samples 

were subtracted from background then were interpolated against standard curve to 

calculate MCP-1 concentrations. 

 

F. Lectin pathway activity  

Functional ELISA for LP was done following Kotimaa et al, 2015, using polyclonal 

antiserum (pAb) against recombinant mouse C9 (MyBioSource; San Diego, USA) with 

serum dilution of 1:4 in BVB++ buffer (Veronal buffered Saline/0.5 mM MgCl2/2 mM 
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CaCl2/0.05% Tween 20/1% BSA, pH 7.5) on plates coated with mannan (Saccharomyces 

cerevisiae, Sigma-Aldrich, MO, USA). 

According to the manufacturer’s guidance and our laboratory optimisation (H. Al-

Aridhee, PhD project), each well was coated with 100 µl 10μg/ml anti mannan antibody 

after dilution 1:1000 in CB buffer (100mM Na2CO3/NaHCO3, pH 9.6) and plate was 

incubated for 16 h at 40C. Then, each well was washed 3X5 minutes with 200 µl PT buffer 

(PBS/0.05% Tween 20) before blocking each well with 150 µl PB buffer (PBS/1% BSA) 

for 90 minutes at 370C. The wells were washed again with 200 µl/ well of PT buffer 3X5 

minutes before adding 100 µl of diluted serum (1:4) for each well and the plate was 

incubated for 1 h at 370C. The plate was washed for the third time with 200 µl/ well of 

PT buffer 3X5 minutes; 100 µl of 0.2 mg/ml of 1:200 polyclonal rabbit complement 

component 9 (C9) antibody was added to each well and was incubated for 1 h at 370C. 

Thereafter, fourth run of wash with 200 µl/ well of PT 3X5 minutes was performed and 

100 µl of 1mg/ml polyclonal swine anti-rabbit HRP antibody (with 1:200 dilution) was 

added for each well before 1 h incubation at 370C. Last wash with 200 µl/ well of PT 3X5 

minutes was done before adding 100 µl of coloured substrate (TMB) for each well and 

left at room temperature for 5-10 minutes. 50 µl of stop solution was added to each well 

and optical densities were read using ELISA reader at 450 nm wavelength. 

 

G. Serum interleukin 6 (IL-6) 

A sandwich ELISA was used to detect IL-6 (Mini ELISA Development Kit 900-M50, 

PeproTech, London, UK). The capture antibody of antigen-affinity purified rabbit anti-

IL6 was diluted with PBS to a concentration of 1µg/ml. 100µl of this solution were added 

to each well of ELISA microplates (NuncMaxiSorp) which was sealed and left overnight. 

After preparation of all the solutions and reconstitution of the component of the 

experiment at room temperature, the well was aspirated and washed four times using 300 

µl of washing buffer per well. Then, 300 µl block buffer [1% (w/v) BSA-PBS] was added 

for 1 hour followed by washing four times again. After that, the standard was diluted from 

4 ng/ml to zero in diluent. The mouse serum was diluted in ratio of 1:10 and was mixed 

by vortexing. Immediately, the standard/samples (100µl) were added and were incubated 
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for 2 hours. Next, aspiration and washing was done again to be followed by adding 100µl 

detection biotinylated antibody (antigen-affinity purified rabbit anti-ml6) in a 

concentration of 0.5 µg/ml for 2 hours. ABTS Chromogen / substrate (Invetrogen from 

Thermos Fischer Scientific, USA) (100 µl) was added after aspiration of the excess 

detection antibody and washing. The colour development was monitored each 10 minutes 

for a maximum of 1 hour until the zero reading of standard was 0.1.The reading was done 

with Elisa reader (Biorad, iMark) at 405nm with wavelength correction at 655nm. 

 

5.2.8.3 In Situ End Labelling for the detection of Apoptotic Cells 

The principle of this assay is terminal deoxynucleotidyl transferase dUTP nick end 

labeling (TUNEL) assay where DNA fragmentation is detected by enzymaticaly labelling 

the free 3 OH terminal with modified nucleotides to examine the presence of apoptosis. 

These DNA ends are characteristically localised in morphologically distinguishable 

nuclei and apoptotic bodies. 

A. Method 

The tissues were fixed in 10% neutral buffered formalin before embedding them in 

paraffin and cut to 4 µm thickness.  ApopTag Peroxidase In Situ Apoptosis Detection Kit 

(Millipore, S7100) was used to label fragmented nuclear DNA in situ with digoxigenin-

deoxyuridine (dUTP) by terminal deoxynucleotidyl transferase (TdT). According to the 

manufacturers protocol, the slides was deparaffinised by washing with Xylene 2 x 5 

minutes each, then another  two washes with 100% IMS (5 minutes each), followed by 

another washing  in 70% (v/v) IMS. Lastly wash with water twice, 2 minutes each and 

then the slides were put in PBS until they were ready. After that, the tissue were pre-

treated by applying freshly diluted Proteinase K (20µg/ml) to the specimen for 10 minutes 

at room temperature and the the specimen was washed with distilled water twice for 2 

minutes each. Quenching of endogenous peroxidase was done with 3% (v/v) hydrogen 

peroxide for 5 minutes at room temperature. Washing with PBS twice (5 minutes) was 

done. Then excess of liquid was tapped and was blotted carefully. After that, Equilibration 

buffer was applied directly on the slides for 10 second. Again excess of liquid was blotted 

and the working strength TdT enzyme was applied for 1 hour at room temperature. Then 

the reaction was stopped by adding working strength stop/wash buffer for 10 minutes. 
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Then Anti-digoxigenin conjugate was added and was incubated for 30 minutes at room 

temperature. After washing, Peroxidase substrate 3-amino-9-ethylcarbazole was added 

for 10-15 minutes at room temperature. Thereafter, rinsing with distilled water and PBS 

were performed and the slides were counter-stained with haematoxylin solution for 2-4 

min followed by washing with water and mounting with glycerol. Finally, 20 fields were 

examined under 400 magnification power of Olympus light microscope. 

 

5.2.9 Statistics 

Data interpretation, standard curve, nonlinear regression and interpolation (for ELISA) 

were calculated using Microsoft Excel ® 2010 and GraphPad Prism ® 6.07. Data were 

presented as mean ± SEM. ANOVA and Tukey’s multiple comparison tests were used 

for analysing unpaired parametric data while Kruskal-Wallis and Dunn’s multiple 

comparison tests were used for comparing nonparametric results. Student unpaired t-test 

was used for single comparison of parametric data while Mann-Whitney test was used for 

non-parametric ones. Data was described as significant when p value was < 0.05.  
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5.3 Results 

The typical change observed after 72 h post operatively (pale colour cortex of kidneys in 

contrast to the red colour cortex of sham kidneys) were considered as an evidence to 

confirm the existence of IRI in this animal model (Figure 5-6).  

 

Figure 5-6: Macroscopic pictures of normal and damaged kidney. Intact right and left kidneys with red 

external surface from sham control (A) comparing with pale colour from IRI group (B). Sagittal section 

through kidney shows red cortex in sham mouse (C) and pale cortex in IRI mouce (D). 

 

5.3.1 Renal function 

The first set of questions aimed to evaluate the influence of IRI per se on function of 

murine kidney as well as the effect of complement properdin. It can be seen from the data 

in (Figure 5-7 A) that both IRI groups (WT and PKO) reported higher BUN than their 

corresponding shams. What was interesting in this data was that properdin-deficient mice 

that exposed to IRI showed significant rising of BUN in relation with WT one (p= 0.03). 
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Similarly, serum creatinine levels (Figure 5-7 B) were more in IRI groups (WT and PKO) 

with IRI than sham mice and PKO mice with IRI had significant higher serum creatinine 

than WT mice with IRI (p= 0.046). 

 

Figure 5-7 Renal function of the four experimental groups. Blood urea nitrogen (BUN) (A) and serum 

creatinine (B).Data was in triplicates and presented as mean± SEM p (*) < 0.05, IRI: ischemia reperfusion 

injury; PKO: properdin knockout mice; WT: wild type 

 

5.3.2 Microscopic feature 

The results obtained from the preliminary analysis of histopathological scoring for H and 

E stain slides of murine kidneys revealed that both IRI (WT and PKO) groups had more 

histological changes in comparison with shams. The results, as seen in Figure 5-8 E, 

indicated significantly higher histopathological score in PKO mice with IRI than WT mice 

(p= 0.023). 
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Figure 5-8: H and E stain of renal tissue of mice. Multiple sections for kidney show tissue injury due to 

IRI. There is intraluminal cast accumulation (A), detachment of tubular cell (B), tubular dilatation (C) and 

interstitial space widening (D). 40 X (Image-Pro plus 7, Micropublisher 5.0 RTV). There was significant 

elevation in histopathological injury in IRI groups. Slides were examined by two independent observers 

and data was presented as mean ± SEM. p (*) < 0.05. IRI: ischemia reperfusion injury; PKO: properdin 

knockout mice; WT: wild type.  
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These results were supported by PAS stain findings where brush border, a characteristic 

of proximal tubular epithelium, was less pronounced in IRI groups but not in sham control 

(Figure 5-9) but there was no obvious difference between the genotype. 

 

Figure 5-9: PAS stain of kidney. Under light microscope X 100, a violet stain indicates PAS positivity of 

brush border of renal proximal tubules particularly basement membrane (arrows) in kidneys from sham 

mice (A, B) in comparison with absence in IRI groups (C, D).  

 

Similarly, mitotic figure counting, revealed more mitotic figures in IRI than sham in both 

WT (p> 0.05) and PKO mice (p= 0.04). The mean mitotic figures in sham groups (wild 

and PKO) was the same (0.1) while IRI PKO group was double that of the IRI WT (3.4 vs 

1.7; p > 0.05) (Figure 5-10). 
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Figure 5-10: Mitotic figure. Mitotic figures were counted using light microscope X40 oil objective in slides 

from kidney. Arrow indicates chromosome aligned in metaphase (A). The mean of right and left kidneys 

were calculated and the mean of kidneys from each groups were presented in graph (B). p (*) < 0.05. IRI: 

ischemia reperfusion injury; PKO: properdin knockout mice; WT: wild type. 

 

Furthermore, ultrastructure analysis of kidneys using TEM supported the injurious effect 

of IRI in both WT and PKO mice (Figure 5-11). 

 

Figure 5-11 Transmission electron microscope (TEM).  Normal cell (A) and severely damaged 

one after exposure to IRI: dissolved architecture, unclear nuclei, and presence of vacuoles (B). The criteria 

for TEM scoring based on the wellbeing of the mitochondria, brush border, state of nucleus, presence of 

auto phagosome and cytoplasmic vacuole. For each criterion, findings were scored from 0-3 based on 

observed degrees of damages. 
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5.3.3 The underlying mechanism 

The next set of analyses examined molecular signalling due to renal IRI and the impact 

of properdin deficiency in an attempt to understand the underlying mechanisms behind 

functional and structural injurious changes that have been observed. 

 

5.3.3.1 Western Blot 

Protein production of multiple inflammatory (NF-κB, HMGB-1 and caspase-3) and 

proliferative marker (PCNA) were measured from renal tissue homogenate of the four 

experimental groups, using western blot analysis.  

To start with, nuclear factor NF-κB protein (around 65 kDa) was investigated. It is a 

transcriptional protein with a pro-inflammatory role and is expressed in renal tissue 

(podocytes, tubular endothelial cells and vascular endothelial cells) due to upregulation 

of various inflammatory markers (such as IL-1β, IL-6 and TNF-α) during renal IRI  (Yan 

et al, 2015; Sanz et al, 2010). Although results were statistically not significant (p > 0.05), 

both wild and properdin- deficient mice with renal IRI produced more NF-κB protein in 

comparison to sham mice (Figure 5-12). 

 

Figure 5-12 Densitometry (A) and western blot (B) of NF-κB against β-actin.  NF-κB protein were 

measured from renal tissue homogenate of wild and prperdin- deficit mice exposed to renal IRI. Data was 

presented as mean± SEM and p (*) < 0.05. IRI: ischemia reperfusion injury; PKO: properdin knockout mice; 

WT: wild type; NDL: normalised densitometry of loading control. 
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From the data in Figure 5-13 , it is apparent that wild-type mice with renal IRI as well as 

properdin deficient littermate produced more high mobility group box 1 (HMGB-1) 

protein (29 kDa) compared to sham mice (p> 0.05, 0.018 respectively). Additionally, the 

PKO mice that had exposed to renal IRI showed greater HMGB-1 protein than WT mice 

(p=0.049). HMGB-1, which is a non-histone nuclear protein that belongs to the damage-

associated molecular patterns (DAMPs) family, is translocated to outside cells secondary 

to cell injury resulting in an inflammatory activity via stimulating innate immune cells 

(such as PMN) via binding to Toll-like receptor (TLR) (Wu et al, 2010).  

 

 

Figure 5-13 Densitometry (A) and western blot (B) of HMGB-1 against β-actin. HMGB-1 protein were 

measured from renal tissue homogenate of wild and properdin- deficient mice exposed to renal IRI. Data 

was presented as mean± SEM and p (*) < 0.05. IRI: ischemia reperfusion injury; PKO: properdin knockout 

mice; WT: wild type; NDL: normalised densitometry of loading control. 

 

The results, as shown in Figure 5-14, indicated that both wild and PKO mice, which 

suffered from renal IRI, produced more cleaved products (17 kDa) of pro-caspase-3 

protein (32 kDa) than sham mice; moreover, caspase-3 synthesis was significantly higher 

in PKO mice with IRI than wild-type group (p= 0.017). 
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Figure 5-14 Densitometry (A) and western blot (B) of caspase-3 against β-actin.  Caspase- 3 protein 

fragment (17 kDa) was measured from renal tissue homogenate of wild and properdin- deficient mice 

exposed to renal IRI. Data was presented as mean± SEM and p (*) < 0.05. IRI: ischemia reperfusion injury; 

PKO: properdin knockout mice; WT: wild type; NDL: normalised densitometry of loading control.  

 

Finally, it can be seen from the data in Figure 5-15, proliferating cell nuclear 

antigen (PCNA) protein (36 kD) was expressed abundantly from both IRI, wild-type and 

PKO, groups in comparison with sham mice (p= 0.003 and < 0.0001 respectively). 

Moreover, PCNA was greater, although not significant, in PKO mice with renal IRI than 

WT group (p> 0.05). 

 

Figure 5-15 Densitometry and western blot of PCNA against β-actin. PCNA protein was measured from 

renal tissue homogenate of wild and properdin- deficient mice exposed to renal IRI.  Data was presented as 

mean± SEM and p (**) < 0.01, (****) < 0.0001. IRI: ischemia reperfusion injury; PKO: properdin knockout 

mice; WT: wild type; NDL: normalised densitometry of loading control. 
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5.3.3.2 ELISA  

ELISA was used to assess serum level of IL-6, a cytokine marker of epithelial cell damage 

(Stadnyk, 1994) and CXCL16, a chemokine, was characterised as a sensitive marker of 

PTEC stress in vitro (Zwaini et al, 2016). Furthermore, complement C5a (a byproduct of 

complement activation) and C5b-9 (the end-product of complement activation) also 

named membrane attack complex, MAC) were investigated in serum as they were 

described as promoters for renal IRI (Zhou et al, 2000; Peng et al, 2012). 

From the graph in Figure 5-16, data revealed more interleukin 6 (IL-6) release, although 

not significant, in serum of wild-type mice with renal IRI than sham (p > 0.05). A similar 

relationship, but significant, was found between operative and sham PKO mice (p= 0.017) 

while there was no significant difference between wild-type and PKO mice, which were 

exposed to renal IRI (p> 0.05).  
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Figure 5-16 IL-6 in serum of mice.  IL-6 was measured in murine serum of both wild and PKO mice that 

have been exposed to renal IRI and compared with sham groups using ELISA. Data were shown as mean 

±SEM; p was considered to be significant (*) < 0.05. IRI: ischemia reperfusion injury; PKO: properdin 

knockout mice; WT: wild type. 
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Despite there being no significant difference in serum CXCL-16 between wild-type and 

properdin-deficientt mice with renal IRI (p> 0.05), results found more serum CXCL-16 

in surgical (WT and PKO) groups than sham (p > 0.05 and 0.047 respectively) (Figure 

5-17). 
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Figure 5-17 CXCL-16 in serum of mice.  CXCL-16 was measured in murine serum of both wild and PKO 

mice that have been exposed to renal IRI and compared with sham groups using ELISA. Data were shown 

as mean ±SEM; p was considered to be significant (*) < 0.05. IRI: ischemia reperfusion injury; PKO: 

properdin knockout mice; WT: wild type. 

 

Similarly, it can be seen from the data in Figure 5-15 A, that complement by-product, 

C5a, was present abundantly in murine serum of both IRI, wild and PKO, groups in 

comparison with sham mice. However, 5 results (3 Wild IRI and 2 PKO IRI) were 

excluded because they were higher than the maximum limit of the kit despite 1:1000 

dilution. Moreover, C5a was less, although not significantly, in PKO mice with renal IRI 

that WT group (p> 0.05). Although results were statistically not significant (p > 0.05), 

both wild-type and proprdin- deficit mice with renal IRI produced less C5ab-9 in 

comparison to sham mice; nonetheless, it was higher in wild than PKO in both sham and 

surgical groups (Figure 5-18 B). However, there was a significant reverse relation 

between C5a and C5b-9 release in sera of the four experiment groups (r= - 0.98; p= 0.015) 

(Figure 5-18 C). 
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Functional ELISA results for of C9 in serum of experimental mice revealed elevation but 

not significant among wild type mice exposed to IRI in comparison to sham mates (p > 

0.05), while it was significant in relation with properdin deficient ones (p= 0.008). This 

indicated that MBL pathway was stimulated due to IRI in wild-type mice but not in 

properdin deficient ones (Figure 5-18 D). 

 

Figure 5-18 Complement proteins in serum of mice. C5a (A, C), C5b-9 (B, C) were measured in murine 

serum of both wild and PKO mice that have been exposed to renal IRI and compared with sham groups 

using ELISA. Lectin pathway activity was determined by activation of mouse serum (sham/IRI) on mannan 

coated plates.The dot line indicates the background absorbance of serum with 10mM EDTA and heat 

inactivated serum analysed for lectin pathway activity in parallel (D); Data were shown as mean ±SEM; p 

was considered to be significant (*) < 0.05, (**) < 0.01. IRI: ischemia reperfusion injury; PKO: properdin 

knockout mice; WT: wild type. 
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From the data in Figure 5-19 A, it is apparent that serum of wild mice with renal IRI as 

well as properdin deficient litter-mate contained slightly more MCP-1 in relation with 

sham mice; nevertheless, they were not significant (p> 0.05). Additionally, PKO mice 

showed greater serum MCP-1 than WT mice in both surgical and sham groups (p> 0.05). 

On the other hand, MCP-1 assessment from renal tissue homogenates of the four mice 

experimental groups, which illustrated in Figure 5-19 B, revealed nearly equal amount of 

expression in wild-type mice that were exposed to renal IRI and sham; while PKO mice 

data revealed significant increase in tissue MCP-1 in comparison with sham group (p= 

0.038). 

 

Figure 5-19 MCP-1 in serum and renal tissue homogenate of mice.  MCP-1 was measured in murine serum 

(A) and renal tissue homogenate (B) of both wild and PKO mice that have been exposed to renal IRI and 

compared with sham groups using ELISA. Data were shown as mean ±SEM; p was considered to be 

significant (*) < 0.05, (**) ≤ 0.01. IRI: ischemia reperfusion injury; PKO: properdin knockout mice; WT: 

wild type. 

. 
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5.3.3.3 Indirect TUNEL assay 

Detecting of apoptotic bodies in different kidney parts: tubular area, tubular lumen and 

interstitium, to assess degree of apoptosis was conducted as seen in (Yang et al, 2003). 

 

 

Figure 5-20 Apoptotic bodies in different parts of murine kidney. Single (black arrow) and cluster (red 

arrow) of apoptotic bodies as well as apoptotic body with halo (green arrow) were observed and calculated 

in tubular area (A), tubular lumen (B), and interstitial area (C) of murine kidney. A slide from sham wild 

(D) shows no apoptotic bodies in comparison with multiple apoptotic bodies in slide from kidney with IRI 

PKO mice (E). Slides were assessed under light microscope (Olympus CX41) 40X,  
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Further analysis, as shown in Figure 5-21, revealed that both wild and PKO mice, which 

suffered from renal IRI, had more apoptotic bodies than sham mice as well as a significant 

increase among PKO mice suffered from IRI in relation with WT mice exposed to renal 

IRI (p = 0.024) (Figure 5-21).  

 

Figure 5-21 Apoptotic cells in murine renal tissue. Average of apoptotic bodies in 20 slides were counted 

under light microscope (Olympus CX41) 40X. Data were shown as mean ±SEM; p was considered to be 

significant (*) < 0.05. IRI: ischemia reperfusion injury; PKO: properdin knockout mice; WT: wild type. 

  

 

 

 

 

 

 

 

 

 



118 

 

5.4 Discussion 

Prior studies, where clamping renal vessels were performed to induce renal IRI in mice, 

have concluded that complement activation shows a pivotal role in renal IRI through its 

participation in immune complex cleansing, tissue homeostasis and other self-defence 

mechanisms (Bonventre, 2010; Bonventre and Yang, 2011). It has been found that 

inhibition of the alternative pathway (AP) via targeting properdin, which is the sole 

positive regulator, using a blocking monoclonal anti properdin antibody will ameliorate 

renal IRI in murine model (Miwa et al., 2013 and Miao et al., 2014). Miwa et al., 2013 

established renal IRI in mice, which were generated with compound knockouts for 

complement down-regulators CD59 (halts MAC assembly) and decay accelerating factor 

(DAF) or CD55 (inhibits C3 and C5 convertases) via clamping both renal pedicles for 22 

minutes and reperfusion for 24 hours.  Results revealed a significant improvement of renal 

impairment at 24 hours when given anti properdin (intra-peritoneal injection of 

2mg/mouse of mouse anti-mouse properdin mAb 14E1) treatment 24 hours before 

clamping renal pedicles. Similar results were observed in triple -deleted mice (CD59, 

DAF and properdin) in comparison with double (CD59 and DAF) deleted mice. Likewise, 

Miao et al., 2014 performed renal IRI in mice via bilateral clamping of renal pedicles for 

25 minutes followed by reperfusion for 24 hours. Mice with a proximal tubular epithelial 

cell specific deletion of the complement down-regulator Crry, were treated with anti 

properdin antibody 2 hours prior clamping of renal pedicles and showed significant 

reduction in renal damage and significant inhibition in tubular C3 staining and presence 

of F4/80+ macrophages at 24 hours. The above studies created a platform for the 

hypothesis that properdin-deficient mice in the presence of all down-regulators would 

express an improved phenotype in comparison to their congenic wildtype controls in a 

model of renal IRI.  

 

5.4.1 Specifications of our renal IRI model 

With respect to the renal IRI models descriptions, substantial differences in their design 

were noticed which affect markedly development and outcomes of the murine phenotypes 

in renal IRI. The present study was designed to determine the role of properdin on 

wildtype C57BL/6 mice exposed to bilateral clamping of renal pedicles and reperfusion 
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for 72 hours thereafter in relation with congenic properdin deficient mice. Mice were 

anaesthetised generally using isoflurane inhalation which has a renoprotective effect (Wei 

and Dong, 2012). Additionally, analgesic drugs (carprofen, a prostaglandin synthesis 

inhibitor, and buprenorphine, a partial opioid agonist) were subcutaneously injected 

repeatedly. Both NSAID and buprenorphine have shown a direct anti-inflammatory effect 

(Volker et al., 2000) and neutrophil migration inhibition (Hish et al., 2014).  

 

5.4.2 Properdin deficiency impaired renal function  

It was an unanticipated finding that impairment in renal function (serum creatinine and 

blood urea nitrogen) as well as tissue damage (more tubular dilatation, cast formation, 

cell detachment and less prominent brush border) following renal IRI are significantly 

worse in properdin deficient mice than the wildtype group. This is pointing to a significant 

value of a properdin sufficient state in IRI induced acute renal failure and are in agreement 

with data obtained by Ruseva et al, 2012 when a nephrotoxic nephritis (NTN) was 

induced by a nephrotoxic serum, sheep anti-mouse glomerular basement membrane 

(GBM) antibody, injection intraperitoneally in complement factor H (CFH) knockout 

and/ or PKO mouse. They found that properdin depletion aggravates C3 deposition and 

subsequent renal glomerulopathy in CFH knockout mice (Ruseva et al, 2013).  

 

5.4.3 Inflammatory mediators circulating in PKO mouse after 72 h 

from IRI  

In an attempt to understand the underlying molecular mechanism behind the harmful 

effect of properdin deficiency on renal tissue following IRI, our study found that caspase-

3 protein fragments (17 kDa) production and apoptotic cell assembly were significantly 

higher in properdin deficient mice compared to congenic wild type. These are in line with 

study undertaken by others where both human proximal tubular epithelial cells (subjected 

to hypoxia/re-oxygenation in vitro) and renal tissue of mice (exposed to ischemia for 30 

minutes followed by reperfusion for 24 hours) express higher cleaved caspase-3 protein 

as well as more apoptotic bodies comparing with control/ sham groups respectively (Chen 

et al, 2013b). 
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Caspase-3 is one of the executioner intracellular proteases that is found in inactive phase 

in normal renal tissues and can be stimulated through extrinsic pathway through death 

receptor- mediated pathway (such as tumour necrosis factor receptor) or intrinsic pathway 

via mitochondrial stimulation; whereas both pathways resulting in caspases activation 

cycle (McIlwain, Berger and Mak, 2013). Active caspae-3, i.e. cleavage, has the ability 

to regulate programmed cell death, apoptosis, during renal IRI (Lien, Lai and Silva, 2003) 

where it dismantles affected cells via its proteolytic activity, developing apoptotic bodies 

and upregulating ligands attracting phagocytic cells (Elmore, 2007).  

Phagocytosis is a vital process in clearing apoptotic cells. It is conducted by either 

professional phagocytes, when it is their primary function (such as macrophage and 

dendritic cells), or nonprofessional, when it commences by adjacent cells (such as 

epithelial cells and endothelial cells); nonetheless, both types will follow the same steps 

of phagocytosis which are detection, decision, engulfing and degradation (Elliott and 

Ravichandran, 2010). Phagocytosis is usually initiated by up regulating membranous 

receptors on phagocytic cells that could be complement related via activation complement 

3 receptor or non-complement through Fc gamma receptors (FcγR) (Caron and Hall, 

1998). 

Properdin deficiency may cause accumulation of apoptotic cells in kidneys exposed to 

IRI due to disruption in phagocytic mechanism. This is due to the fact that properdin, in 

addition to its positive regulator for CP, has a non-complement recognition role for 

diseased cells, helping in eliminating them via phagocytic action of macrophages and 

dendritic cells (Kemper, Atkinson and Hourcade, 2009). The recognition occurs through 

properdin binding to early apoptotic T-cells (not live or necrotic ones), which promotes 

C3b deposition on T-cell surface directly and bypassing CP and LP. This is an alternative 

route to the usual complement-mediated phagocytosis pathway. A similar binding 

capability of properdin has also been shown (in in vitro studies) on late apoptotic and 

necrotic cells rather than early apoptosis (Kemper, Atkinson and Hourcade, 2009; Xu et 

al, 2008; Xu et al, 2008). It could be suggested that phagocytic pathway via FcγR 

stimulation, which will be intact in both sham and surgical PKO groups, can compensate 

properdin-mediated phagocytosis during ordinary apoptosis in sham groups but will be 

overwhelmed in IRI mice. Accordingly, it is highly possible that more apoptotic cells 
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were found in renal tissue of properdin deficient mice in relation to congenic wildtype 

after renal IRI due to over production and less clearance.  

Moreover, results indicated that high-mobility group box 1 (HMGB1) protein was 

significantly elevated in renal tissue homogenate in PKO mice comparing to wildtype 

group. Additionally wildtype mice exposed to IRI showed less pronounced interleukin 6 

(IL6) and monocyte chemoattractant protein (MCP1) release compared to properdin 

deficient mice.  

HMGB1 is a 30 kDa endogenous ligand that may be found either inside nucleus helping 

in DNA transcription or extracellularly as a pro-inflammatory cytokine during cellular 

injury (Yang et al, 2005). During renal IRI, it is released from either macrophages and/ 

or necrotic cells (Yang et al, 2005) or probably from apoptotic cells prior to death after 

translocation into vacuoles called apoptotic cell derived membranous vesicles (ACMV) 

(Schiller et al, 2013). HMGB1 binds to TLR4, which is also upregulated as well after IRI, 

on tubular epithelial cells surfaces, causing activation of several mitogen activated protein 

kinase (MAPKinase) pathway proteins (i.e. phosphorylation of extracellular signal-

regulated kinase (ERK), c-Jun N-terminal kinase (JNK) and p38). HMGB1-TLR4-

MAPK pathway aggravates renal IRI by triggering innate immunity through activating 

various inflammatory cytokines such as IL-6 and chemokines (MCP-1) (Wu et al, 2010; 

Chen et al, 2013b). It seems that an inflammatory loop will be accomplished secondary 

to the effect of inflammation on renal cells particularly tubular epithelial cells (Figure 

5-22). Furthermore, HMGB1 blocking via anti HMGB1 Ab injection prior to surgical 

clamping of renal vessels ameliorates renal IRI in wild-type mice (Wu et al, 2010). 

Another aspect of our study showed significant rise in CXCL16 protein production 

following IRI in comparison with sham control with no difference between PKO and wild-

type mice while changes in NFκB protein among groups where insignificant although 

slight elevation among IRI mice were recorded. Although no in vivo study about the 

function of CXCL16 during renal IRI could be found, study by Zhao et al., 2013 proved 

that CXCL16 steps up after cardiac IRI in mice and its blockage protects murine heart 

muscle (Zhao et al, 2013).  

CXCL16 is a chemokine, which is expressesed in both tubular cells and fibroblasts in 

normal kidney at low level and upregulates after acute kidney injury. It elicits leukocyte 
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recruitment (Izquierdo et al, 2012) as well promoting chemotaxis of cells expressing 

CXCR6 (such as bone marrow-derived fibroblasts) to enhance inflammation and fibrosis 

(Chen et al, 2011; Schramme et al, 2008). Nevertheless, in vitro, CXCL16 shows no role 

in cell apoptosis or proliferation (Izquierdo et al, 2012). Further analysis of the CXCL16 

pathway is recommended to evaluate its role during in vivo renal ischemia reperfusion 

injury. 

 

5.4.4 Activation of complement system  

Shedding of glycocalyx in IRI, release of DAMPs and loss of cell bound regulators 

generate an altered cell surface which promotes complement activation and activation of 

the coagulation cascade (Duehrkop and Rieben, 2014). All three complement pathways 

are activated during renal IRI where they results in generation of pro inflammatory 

molecules (C3a, C5a, and C5b-9) which have fundamental role in tissue injury and 

inflammation (Danobeitia, Djamali and Fernandez, 2014). We found serum levels of C5a 

and serum C5b-9 to be inversely correlated i.e. greater levels of C5a in IRI compared to 

sham, lower levels of C5b-9 in IRI compared to sham (supplementary Error! Reference 

source not found.). It has been found that C5a plays a vital role in renal IRI and blocking 

C5a receptor or knocking it out in mice ameliorate renal injury at 24 h and 48 h after renal 

IRI (de Vries et al, 2003; Peng et al, 2012). On the other hand, C5a could be generated 

after renal IRI under the influence of coagulative system activation where thrombin can 

exert an effect analogous to C5a convertase in generating the C5a (Huber-Lang, Sarma et 

al. 2006). The coagulation process on sample preparation may generate relatively less 

terminal complex in samples from IRI animals because of in vivo consumption of activity 

(Krisinger et al., 2012). It seems that the source of C5b-9 to be via the alternative pathway 

is unlikely because of the lack of a difference in levels in the absence of properdin, nor is 

it likely to be via the classical pathway because of a lack of a properdin dependent 

difference inconsistent with a contribution from the amplification loop. For this reason, 

lectin pathway activity was assessed in sera from experimental animals as ischemic cell 

surfaces can be sufficient triggers of lectin pathway activation (Schwaeble et al., 2011).   

Measurement of lectin pathway activity in serum revealed a significant increase in 

activity in the IRI WT group, contrasting with previous findings of a consumption of 

complement activity at the earlier time point of 24 hours (Kotimaa et al., 2015). Our 
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results are in line with in vivo work on mice (bilateral ischemia for 55 minutes and 

reperfusion for 6 hours) where MBL is activated via Mannan-binding lectin-associated 

serine protease 2 (MASP-2) during renal IRI (Asgari et al, 2014). Nevertheless, lectin 

pathway activity in serum from properdin deficient mice did not differentiate between IRI 

and sham groups. 

 

5.4.5 Aftermath repair 

In addition to the injurious role, complement system activation during IRI may participate 

in tissue repair (Danobeitia, Djamali and Fernandez, 2014). In a mouse model of laser 

induced choroidal neovascularisation, the local generation of C5b-9 was linked to the 

release of CCL2 in the repair stage of tissue injury (Liu et al., 2011). There was a positive 

correlation of CCL2 levels and histological score only in wildtype mice. Because of the 

experimental design, only endpoint analyses were made and no definite conclusions can 

be drawn regarding disease kinetics which might differ in the genotypes. Absent 

reactivity of lectin pathway activity at 72 hours after IRI and production of CCL2 which 

does not bear relation to the extent of histopathological injury, unlike WT, may suggest a 

beneficial effect of the absence of properdin for longterm fibrotic reactions (Sahin and 

Wasmuth, 2013). 

Other evidence for the presence of repairing mechanisms in our model were presence of 

mitotic figures (Humbert and Gödde, 2015) as well as the elevation of proliferating cell 

nuclear antigen (PCNA) protein in renal tissues harvested from both IRI groups 

comparing with sham counterpart. PCNA plays a pivotal role in DNA replication as well 

as recruiting its components in response to DNA damage (Mailand, Gibbs-Seymour and 

Bekker-Jensen, 2013) and it was used as a marker for renal epithelial cell proliferation 

where the less PCNA the less cellular proliferation (White et al, 2014). 
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Figure 5-22 Role of properdin as a pattern recognition molecules in renal IRI. AC= Apoptotic cell; ACMV= 

Apoptotic cell- derived membrane vesicles MC= Monocytes; MQ= Macrophage; Necr. C= Necrotic cell; 

PMN= Polymorph neutrophil; TEC= Tubular endothelial cell. 

In summary, it is possible that renal IRI in properdin- deficient mice results in more 

HMGB1 secondary to accumulation of apoptotic cell causing activation of HMGB1-

TLR4 pathway that ends with more inflammation and renal tissue damage due to 

activation of various pro-inflammatory cytokines and chemokines. However, proving this 

mechanism requires further analysis. 

The reperfusion was around 24 hours in the majority of animal renal IRI models while 

our model extended to 72 hours that may influence the molecular signalling of 

complement pathway and gave time for tissue repair establishment. 
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6 Chapter six (conclusions) 
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6.1 Conclusions 

Our HNSR model is a new in vitro, dependable and easily applicable model that can 

simulate and may replace in vivo renal IRI in certain circumstances. The model was 

designed to simulate both phases of IRI (6 hours and 24 hours) and was extended to cover 

the healing phase as well (48 hours). Ischemia was simulated via combined treatment of 

human PTEC (HK-2) with serum-free, glucose-free Locke’s buffer and incubation in 

hypoxic chamber while incubation with normal media inside oxygenated chamber 

represented conditions similar to the reperfusion phase with oxygen and nutrient resupply. 

The study results revealed that the conditions provoke a significant change in the mRNA 

expression of versican and IL-6 and that their individual responses are a quick, acting a 

suitable control measure of the success of hypoxia (versican) (Leonardo et al, 2008) and 

of inflammatory reaction expressed by the epithelial cells (IL-6) (Zhang et al, 2015). 

It is thought that establishing a well-designed in vitro model is essential to understand 

effectively cellular responses of PTEC while studying IRI and gives a foundation to 

subsequent in vivo work or analyses therein as well (Russ, Haberstroh and Rundell, 2007; 

Kurian and Pemaih, 2014). 

In vivo, properdin deficient mice were significantly impaired in their renal function 

compared to wildtype mice (significant rising in blood urea nitrogen and serum 

creatinine). Properdin deficient mice showed worse histopathology, greater numbers of 

apoptotic cells in renal tissue (mainly intraluminal), significantly elevated danger 

associated molecule HMGB1, and corresponding caspase-3 activation. Ex vivo reactivity 

of the lectin pathway of complement activation was significantly impaired in properdin 

deficient mice after IRI. Wildtype mice responded with local and systemic CCL2 

production commensurate with the extent of damage while properdin deficient mice did 

not.  

The model was able to examine the repair period after IRI due to the longer reperfusion 

phase (72 h). The data indicated an increase in number of mitotic figures, which is an 

indicator of cell division and thus repair (Cireşan et al, 2013). Furthermore, the model 

expressed more proliferation markers (PCNA) protein in IRI groups compared to sham 

(Mailand, Gibbs-Seymour and Bekker-Jensen, 2013). Overall, the use of congenic 
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properdin deficient mice has shown that properdin has a significant role to play in the 

normal postischemic recovery of renal injury 

 

6.2 Strengths and limitation 

The in vitro NHSR model seems to be reproducible, easy to monitor, affordable and 

standardisable. Also, can offer a model for the use in the field of renal cell pathology. In 

addition, its applications are in line with the 3 Rs concepts, particularly the replacement, 

where cell line could replace animal model in underlining the initial phase of future 

researches. However, as isolated cells can only be used in this context, the isolation is 

limited, and cannot account for the host’s reactivities and influence on the allograft. 

Regarding in vivo animal model IRI, simulating the concurrence of factors relevant to 

human intervention (renoprotective anaesthesia, peri- and postoperative analgesia, 

volume substitution) in mice deficient of properdin and congenic controls were 

performed. The model allowed longer-term observation of renal outcome, including renal 

repair phase after IRI (72h).  

On the other hand, the animal model excluded neutrophil infiltration mice. This is because 

mice had to receive painkiller before and during surgery as well as postoperatively (during 

reperfusion phase) as part of animal welfare (refinement) to reduce animal suffering. 

These drugs were carprofen, a prostaglandin synthesis inhibitor, and buprenorphine, a 

partial opioid agonist and both have shown a direct anti-inflammatory effect (Volker et 

al., 2000) and neutrophil migration inhibition (Hish et al., 2014). 

 

6.3 Future work 

This model can reliably deliver insight in IRI mechanisms via evaluating both injury 

phases (ischemia and hypoxia) as well as exploring reactive and repair pathways. Our 

model can be used for preclinical analysis as described, and can be adapted to answer 

research questions involving anoxic or hyperbaric conditions for eukaryotic cells, or 

customised conditions for microbes. 



128 

 

With reference to the animal model, it would be better if a new time point (24 hours 

reperfusion) was added in order to investigate the acute phase of renal IRI. Moreover, 

reversing the effect of properdin deficiency via giving properdin to the PKO group could 

be vital to confirm its role during renal IRI. 
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7 Chapter seven (appendix) 
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7.1 Human proximal tubular epithelial cells (HK-2) 

7.1.1 Simulation of ischemia by mineral oil immersion  

7.1.1.1 Assessing cell viability by trypan blue (TB) 

Under laminar flow cabinet, after HK-2 cells reached confluency in their flask, they were 

plated out into a 48-well plate then were transferred to a humidified incubator at 37 0C, 

5% CO2. The next day, the HNSR model was set up with two control groups (media 

contained 10% and 0.25% FCS, respectively) without oil, experimental groups where 

overlayed with mineral oil for 1, 3, and 6h and followed by media replenishment for 24 

and 48 hours respectively. At the end point for each group, the well was washed twice 

with PBS before being stained with pre-diluted TB 0.4% (100 µl Trypan Blue: 100 µl 

PBS) to detect the compromised cells as they stain blue under the microscope. Counting 

these cells was done by taking the average number of blue cells for four fields in each 

well (for 3 wells for each time point) using magnification power of 40 X (data not shown). 

 

7.1.1.2 Assessing LDH release 

HK-2 cells were seeded in 36 wells of 48-well plate and were distributed as experimental 

wells and their control (4 well per time points) followed by induction of HNSR model for 

1, 2 and 3h using mineral oil immersion as mentioned above and analysed after 24 and 

48h of substrate replacement. LDH release from supernatant, which was aspirated 

through the oil, was measured at OD 490 nm and showed a general reduction in LDH 

release from HNSR groups in comparison to their controls.  There was significant 

reduction in HNSR 24h with HNS 1h (p=0.0002) as well in HNSR 48h with HNS 1h 

(p=0.05). Furthermore, LDH release from HNSR 48h for the three time points (1, 2, and 

3 h) and their controls was higher than relative groups of HNSR 24h (Figure 7-1). 
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Figure 7-1 Stimulation of renal IRI by oil immersion  and subsequent measurement of cell cytotoxicity 

using LDH release. The induction of hypoxia and nutrient starvation was done by immersion the HK-2 cells 

with mineral oil for 1, 2 and 3 hours followed by substrate replacement for 24 and 48 hours. The injury was 

examined by reading out the LDH release from the compromised cell in ELISA reader at optical density 

(OD) 490; n=4, data were presented as mean ±SD, p (*) < 0.05, (***) ≤ 0.001, HNSR: hypoxia/nutrient 

starvation-replenishment.  

 

7.1.2 Simulation of ischemia by Locke’s buffer and / or hypoxia  

HK-2 cells were grown in culture media DMEM:F12 containing EGF in 25 cm2 flask to 

become almost confluent. To start with, 3 injurious stimuli mimicking ischemia were used 

(Locke’s alone, hypoxia alone, and both). Firstly, to induce starvation by nutrient 

deprivation, media was replaced with serum- free glucose- free Locke’s buffer (154 mM 

NaCl, 5.6 mM KCl, 2.3 mM CaCl2, 1 mM MgCl2, 3.6 mM NaHCO3 and 5 mM HEPES , 

pH 7.2) for 3 and 6 h. The cells were replenished with normal media and were kept in the 

incubator for 48 hours. Secondly, the flasks were transferred to an oxygen-low 

environment in hypoxic chamber that circulates a hypoxic gas mixture of 94.5% N2, 0.5% 

O2 and 5% CO2 (Galaxy R, New Brunswick Scientific Ltd) for 3 and 6 hours. Later, the 

flasks were returned back to oxygen- containing incubator (21% oxygen and 5% CO2) for 

48 hours. The last group was exposed to both Locke’s buffer and hypoxic environment 

where media was replaced with Locke’s buffer before incubating flasks at hypoxic 
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chamber for 3 and 6 hours. Later, the cells were replenished with normal media and return 

back to oxygen- containing incubator (21% oxygen and 5% CO2) for 48h. Reading was 

done via measuring LDH release from the supernatant of the cells using LDH kit 

(Promega, WI, USA). 

 

Figure 7-2 the initial experimental design of in-vitro renal HNSR model.  Three pairs of experiment and 

one control flaks of human renal proximal tubular epithelial (HK-2) cells were grown in 25 cm2 flasks. 

Experimental groups were exposed to and nutrient starvation (Locke’s buffer), hypoxia (hypoxic chamber) 

and both for 3 and 6 h with replenishment for 48 h. Supernatant was collected for analysis.  

The results revealed more LDH release with combinatorial stimulation (Locke’s buffer 

and hypoxia) than from stimulation by each separately with slight incremental after 

stimulation for 6h than 3h (Figure 7-3 A). Hence, the experiments was repeated using 

only the combined stimuli for  3 and 6h followed by replenishment for 24 and 48h in 

order to assess the impact of replenishment time (Figure 7-3 B). Results showed higher 

LDH release after 48h than 24h of replenishment as well as more after 6h treatment than 

3h (Figure 7-12 B). 
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Figure 7-3 Quantitative assessment of lactate dehydrogenase (LDH) cell cytotoxicity from in vitro initial 

renal HNSR models.  The graph shows effect of nutrient starvation (Locke’s buffer) and / or hypoxia for 3 

and 6 hours with media replenishment for 48 hours on LDH release from supernatant of human proximal 

tubular epithelial (HK-2) cells (A) and the differences in LDH release after HK-2 cells stimulation with 

both nutrient starvation (Locke’s buffer) and hypoxia for 3 and 6 hours with media replenishment for 24 

and 48 hours (B); data were presented as mean ±SD, p(*) < 0.05, (**) ≤ 0.01, (****) ≤ 0.0001. 

 

7.1.3 Effect of HNSR model on TNF-α production by renal PTEC 

(HK2) 

Expression of tumor necrosis factor-α (TNF-α) protein from all experimental groups was 

measured and compared to their respective controls in order to assess the pro-

inflammatory influence of HNSR on renal HK-2 cells.  

7.1.3.1 Technique 

Immediately, after serial dilution of the standard sample from 2000pg/ml to zero, 100 µl 

of each standard and sample were added to each well in triplicate and subsequently were 

incubated for 2 h at room temperature. Again, aspiration and washing of the plate for 4 

times were done. After that, a100 µl of 0.5 µg/ml detection antibody was added to each 

well and was incubated for 2 h at room temperature. After aspiration and washing as 

previous, a 100 µl of diluted (1:2000) Avidin- HRP Conjugate was added to each well 

and incubated at room temperature for 45 minutes. This is followed by another 4 
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aspiration/washing cycles a 100 µl of substrate solution (TMB; Sigma-Aldrich, MO, 

USA) was added to each well and incubated at room temperature for 30 minutes to 

develop color then 100 µl of stop solution (1 N HCl) was added. Finally, ELISA plate 

reader (Bio-Rad, iMark) was used at 405 nm with wave correction set at 650 nm for 

measuring absorbance.  
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Figure 7-4 Standard curve of TNF-α.  The cut off value is 31.25 pg/ml and the range of detection is 16-

2000 pg/ml 

On day one, the capture antibody was diluted with PBS to reach 1 µg/ml which followed 

immediately by adding a 100 µl to each ELISA plate well before sealing plate and 

incubating it overnight at room temperature. Next day, the liquid was aspirated from the 

wells before washing the plate for 4 times using 300µl of wash buffer for each well each 

time. To drain residual buffer, the plate was inverted and was blotted on paper towel after 

the last wash. Finally, 300µl block buffer was added to each well and was incubated for 

1h at room temperature before aspiration and washing plate for 4 times as above. 

From the ELISA kit, both capture antibody (21µg of antigen- affinity purified rabbit anti 

ETNF-α + 0.5mg D-mannitol); and detection antibody (11µg of biotinylated antigen-

affinity purified rabbit anti-h TNF-α + 0.5mg D-mannitol) were diluted to have a 

concentration of 100µg/ml. Simultaneously, the human TNF-α standard (1µg of 

recombinant hTNF-α + 2.2mg BSA+ 11mg D-mannitol) was reconstituted in sterile water 

for a concentration of 1µg/ml. Meanwhile, the Avidin-HRP Conjugate was aliquoted into 

two vials and stored at -20 0C. 
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7.1.3.2 Results 

The pattern of TNF-α protein expression among experimental groups stimulated for 3h 

did not show any significant changes either to each other (p> 0.05) or to control although 

the greatest expression was from HK-2 cells stimulated with both hypoxia and Locke’s 

buffer (646±78.8). In the meantime, 6h treated groups showed more reproducible results. 

There was a significant rise in TNF-α protein expression from HK-2 cells with Locke’s 

buffer and combined stimulations in comparison to control. Cells stimulated with hypoxia 

alone expressed TNF-α more than control and less than those with combined stimulation 

although results were not significant (Figure 7-5).  
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Figure 7-5 ELISA for TNF-α protein. Effect of HNSR stimulants on renal PTEC (HK-2). Quantitative 

measuring of TNF-α protein expression from different type of stimulation for 3 and 6h; n=3, data were 

presented as mean ± SD, p (*) < 0.05.  
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7.1.4 Western blotting 

 

7.1.4.1 Collecting cells and protein measurement 

From each time point of the experiment, cells were frozen at -20 0C after washing them 

with PBS. Then, a lysis buffer were prepared according to our laboratory protocol. 500 

µl of lysis buffer (Table 7-1) was added to each flask and the cells were re-suspended by 

pipetting up and down. Then, the flasks were rocked gently for 30 minutes at 2-8 0C. After 

that, the lysate was collected into a reaction tube and centrifugation (Heraeus Fresco 17 

™, Thermo Scientific, Langenselbold, Germany) was done at 14000 Xg for 5 minutes. 

The clean supernatant was transferred and total protein was measured. To do this, a fresh 

standard stock of 2000 µg/ml of bovine serum albumin (PAA, Passion, Austria) was 

prepared in distilled water and serially diluted. Next, 10 µl from either standards or 

samples were loaded into 96-well plate followed by adding 150 µl of Pierce Reagent 

(Thermo Scientific, Langenselbold, Germany) to each well. After 5 minutes incubation 

at room temperature, the optical density were measured at wavelength of 650 nm by plate 

reader (Bio-Rad, iMark). 

The proteins that were examined are shown in Table 7-2. Finally, Pierce® ECL Western 

Blotting Substrate (Thermo Scientific, USA), ChemiDoc™ Imaging Systems and 

software (Bio-Rad, USA) were used to detect and analyse protein band (detail in chapter 

4). Normalisation of target protein were performed against endogenous loading control 

(β-actin). 
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Table 7-1 Ingredients required to prepare 10 ml of lysis buffer.  Lysis buffer usually prepared in ice; EDTA: 

Ethylene diamine tetra acetic acid, EGTA: Ethylene glycol tetra acetic acid, PMSF: phenyl methyl sulfonyl 

fluoride.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Stock solution Amount 

1 M β glycerophosphosphate (pH: 7.4) 100 µl 

0.5 M EDTA (pH: 8.0) 20 µl 

40 mM EGTA  250 µl 

1 M Tris-HCL (pH: 7.5) 500 µl 

100 mM Sodium orthovanadate 100 µl 

1 M Benzamidine  10 µl 

100 mM PMSF 20 µl  

β-Mercaptoethanol 10 µl 

10% (v/v) Triton X-100 1 mL 

500 Mm Sodium Floride 1 mL 

Proteinase inhibitor cocktail (Sigma-Aldrich, MO, USA ) 10 µg/ml 

Nanopure water 6.971 mL 
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Table 7-2 Primary and secondary antibodies were used during western blot. 

  
Primary 

antibody 
Origin Dilution 

Secondary 

antibody 
Origin Dilution 

Molecular 

weight 

HIF-1α 

Rabbit 

polyclonal 

anti-HIF-1α 

Biorbyt 

Cambridge, 

UK 

 1:500 

Swine anti-

rabbit, 

polyclonal/ 

HRP 

Dako, 

Denmark 
1:3000 90 kDa 

Factor H 

Rabbit 

polyclonal 

anti-factor H 

Santacruz, 

Europe 
 1:500 

Swine anti-

rabbit, 

polyclonal/ 

HRP 

Dako, 

Denmark 
1:3000 150 kDa 

Factor B 

Mouse 

monoclonal  

anti-factor B 

Santacruz, 

Europe 
 1:500 

Donkey anti-

goat IgG-

HRP 

Santacruz, 

Europe 
 1:2000 100 kDa 

C3 

Polyoclonal 

goat C3 anti 

human 

 Biorbyt 

Cambridge, 

UK 

 1:5000 

Donkey anti-

goat IgG-

HRP 

Santacruz, 

Europe 
 1:2000 110 kDa 

PCNA 

Monoclonal 

Mouse Anti-

PCNA 

Dako, 

Denmark 
 1:1000 

Polyclonal  

goat anti-

mouse 

Dako, 

Denmark 
 1:1000 36 kDa 

Properdin 

Goat 

polyclonal 

anti 

properdin 

Santacruz, 

Europe 
 1:500 

Donkey anti-

goat IgG-

HRP 

Santacruz, 

Europe 
 1:2000 53 kDa 

TFF3 

Monoclonal 

mouse 

antihuman 

TFF3 

Biorbyt, 

Cambridge, 

UK   

1:500 

Polyclonal 

goat anti-

mouse 

Dako, 

Denmark 
 1:1000 7 KDa 

HMGB 1 

Rabbit 

polyclonal 

anti-

HMGB1 

Proteintech

, IL, USA 
 1:500 

Swine anti-

rabbit, 

polyclonal/ 

HRP 

Dako, 

Denmark 
1:3000 25 KDa 

NFκB 

Rabbit 

polyclonal 

anti-NFκB p 

65 

Santacruz, 

Europe   
 1:500 

Swine 

antirabbit 

polyclonal/ 

HRP 

Dako, 

Denmark 
1:3000 65 KDa 

β-actin 

Monoclonal  

Mouse anti- 

β-actin 

Sigma-

Aldrich, 

MO, USA 

 1:5000 

Polyclonal 

goat anti-

mouse 

Dako, 

Denmark 
 1:1000 42 kDa 
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7.1.4.2 Western immunoblotting 

 Alternative pathway 

The pattern of protein synthesis in HNSR model varied from mRNA expression. Both 

C3 and fH proteins revealed higher production after HNSR comparing to HNS, with peak 

after 24 hours. Moreover, properdin showed upregulation after 48 hours with no 

difference between HNS for 6h and HNSR for 24h while fB western blot data indicated 

a higher protein production after HNS that decreased with increasing replenishment time 

(less properdin from HK-2 cells after HNSR for 48 h than for 24 h). 

 

Figure 7-6: Semi-quantitative calculation of protein expression of AP markers from in vitro renal IRI model. 

C3 fragment (A), properdin (B), fB (C) and fH (D) Protein from PTEC of human kidney (HK-2) among 

the three experimental groups. Results were calculated as NDL ratio of experiment to its control in 

comparison to β- actin protein expression as endogenous control.  
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 Cytokines and inflammatory markers 

Western blot data for NfκB showed higher protein production after replenishment, which 

is more after 48 hours than 24 hours, in comparison to HNS for 6h alone. The highest 

protein synthesis of HMGB-1 was at HNSR for 24 h while PCNA protein was more after 

HNS for 6 h than after replenishment (Figure 7-7). Both HIF-1α and trefoil factor 3 

(TFF3) data revealed that HK-2 cells produce these two proteins in response to HNSR 

model with peak synthesis after 24h of replenishment. The results were published in 

article (Zwaini et al, 2016). 

 

Figure 7-7: Semi-quantitative calculation of protein expression of inflammatory markers from in vitro renal 

IRI model. NFκB (A), HMGB-1 (B), PCNA (C). Protein from PTEC of human kidney (HK-2) among the 

three experimental groups. Results were calculated as NDL ratio of experiment to its control in comparison 

to β- actin protein expression as endogenous control. 
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7.1.5 Microarray proteome profiler  

 

7.1.5.1 Principle 

It is a modified version of enzyme linked immunoassay (same principle of ELISA) to 

detect qualitatively and semi-quantitatively presence of specific proteins in biological 

samples. It is a paper-based assay where primary antibodies of interest (35-40) are blotted 

as separate spots on nitrocellulose membrane (two adjacent spots for each antibody) and 

after recognition with secondary antibodies, they are detected using chemiluminescent 

tools. It is a relatively easy and rapid method to detect wide range of biomarkers in single 

test, which could be useful in preliminary investigations (in our experiment, the effect of 

HNSR on expression of 38 human kidney biomarkers). 

 

7.1.5.2 Preparation of lysis buffer 

The lysis buffer for the HK-2 cells was prepared as recommended in the manufacturer’s 

protocol  with some modification: 1% Igepal CA-630, 20 mM Tris-HCL (pH: 8.0), 137 

mM NaCl, 10% Glycerol, 2 mM EDTA, and 10 µg/ml of proteinase inhibitor cocktail 

(Sigma-Aldrich, MO, USA). 

 

7.1.5.3 Setting up the experiment 

As the kit contains 4 membranes, the HNSR model was set up with seeding density of 0.7 

X 105 as always with only one control for the 48 h time point. After each time point, 

supernatant was discarded; cells were washed with PBS and frozen. On the day of the 

experiment, 500 µl of the lysis buffer was added to each flask. Resuspension of the cells 

was done by pipetting up and down. Then, gentle rocking of the cells was performed at 4 

0C for 30 minutes. After that, centrifugation at 14000 xg for 5 minutes was done. Then, 

the supernatant was collected into a new clean reaction tube. Protein measurement was 

done using Pierce assay (Pierce™660 nm Protein Assay, Thermo Scientific, IL, USA) and 

samples were adjusted to 300 µg protein. After preparing all the reagents as directed in 

the protocol, 2 ml of blocking buffer (Array Buffer 6) was added to each well of the 4-

Well Multi-dish and the blocking buffer was incubated with each membrane to be used 
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in the experiment for one hour on a rocking platform shaker. Upon contact of the blocking 

buffer with the membrane, the blue dye of the spot disappeared; however, the already 

captured antibody was reserved in their specific location. Meanwhile, samples were 

suspended in 1.5 ml Array Buffer 5 (Buffered protein base). Furthermore, 500 µl of Array 

Buffer 6 and 15 µl of Detection Antibody Cocktail were added to the sample and were 

incubated for 1 h at room temperature. After aspiration of the Buffer 6 from the 4-

multidish, the mixture of the above was added and incubated overnight at 4 0C on a 

rocking platform shaker. A 3 X 10 minutes wash was done with 1 X washing buffer for 

each membrane to be followed by adding the diluted streptavidin –HRP for 30 minutes at 

room temperature on a rocking platform shaker. Another 3 x 10 minutes wash was done. 

After that, the membranes were removed from the washing buffer and 1 ml of already 

prepared Chemi Reagent Mix was added to each membrane for 1 minute. Then, after 

wrapping the membranes and ensure there is no air bubbles, the membranes were exposed 

to an autoradiography film in a cassette with the identification number directed up toward 

the film. Lastly, multiple exposure times (1-10 minutes) were done. 

 

7.1.5.4 Analysis 

Image J 1.49 software was used to measure the integrated pixel density for each spot after 

background subtraction. Readings for each biomarker were calculated in duplicate and 

analysed separately by two different persons. 

 

7.1.5.5 Results 

In order to understand the molecular mechanism behind HNSR injury affecting HK-2 

cells, proteins for renal injury biomarkers were scanned using proteome profiler array. It 

showed that human PTEC in HK-2 cells HNSR model expressed variable types of 

proteins, which are different in their mechanism of action, relation to hypoxia as well as 

glucose deprivation. Therefore, data of biomarker molecules that did not present any 

noticeable differences among experimental groups were not shown and only 18 proteins, 

which showed remarkable changes, were described respectively. 
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 Peak protein production at HNSR for 24 h 

Synthesis of trefoil factor 3 (TFF3), which plays a pivotal role in restitution (cell 

migration to heal superficial lesions) and regeneration of epithelial cells, as well as 

effectors of hypoxia induction (VEGF, CXCL-16, and FABP-1) by HK-2 cells showed 

significant elevation after HNS for 6 hours compared with control. This increment in 

production reached itss peak after HNSR for 24 hours and dropped back (though still 

significantly higher than control) after HNSR for 48 hours; however, data were illustrated 

in published article (Zwaini et al, 2016). 

 Down regulation in protein synthesis 

Protein profiler results showed 6 kidney biomarkers with significant downregulation in 

protein synthesis after exposing PTEC (HK-2 cells) to HNSR injury where the peak was 

from control and the lowest was from HNSR 48h.  
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Figure 7-8: Proteome profiler of HK-2 cells showed downregulation in protein synthesis. . HNS/R: hypoxia-

nutrient starvation/ replenishment, NID: normalised integrated density.  



144 

 

 Lowest protein production at HNSR 48h 

Results of other sets of renal injury biomarkers revealed a different pattern of protein 

expression from HK-2 cells after HNSR injury exposure with lowest level after 

replenishment for 48 h.  
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Figure 7-9: Proteome profiler of HK-2 cells showed lowest protein synthesis at HNSR 48h.). HNS/R: 

hypoxia-nutrient starvation/ replenishment, NID: normalised integrated density. 
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 Protein production from HNSR 6 h is less than control and peaks after 48 hours 

On the other hand, HK-2 cells exposed HNSR model produced 4 renal injury proteins in 

a different manner from the above. Results indicated lower protein synthesis in HNS 6h 

than control group followed by stepping up in production in both HNSR 24 and 48 hours. 

C lu ste r in R A G E

0 .0

0 .2

0 .4

0 .6

0 .8

N
ID

C o n tro l

H N S  6 h

H N S R  2 4 h

H N S R  4 8 h

A

 

IL - 1 0 S e r p in  A 3

0 . 0

0 . 1

0 . 2

0 . 3

0 . 4

N
ID

C o n t r o l

H N S  6 h

H N S R  2 4 h

H N S R  4 8 h

B

 

Figure 7-10: Proteome profiler of HK-2 cells showed lower protein synthesis from HNS 6h than control 

group.. HNS/R: hypoxia-nutrient starvation/ replenishment, NID: normalised integrated density. 
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Intriguingly, proteins of renin, angiotensinogen and IL-1 revealed a different pattern. The 

proteins were found more in control group than HNS for 6h to be reduced in 24 hours and 

48 hours replenishment groups. These three proteins are known as VEGF stimulator, 

which means that VEGF expression in our model did not follow RAS pathway nor IL-1. 

Additionally, angiotensin II has been suggested to accelerate inflammation and enhance 

chronic kidney diseases through promoting cell proliferation and mediating pro-

inflammatory molecules (Ni et al, 2013). 

Adiponectin (ADPN) is a 30 kDa protein (Raucci et al, 2013) and it is one of the 

adipokine family. In addition to its metabolic role in controlling glucose metabolism and 

fat breaking down, adiponectin is an anti-inflammatory cytokine that is secreted from 

various cells mainly adipocytes (Oh and Rabb, 2013; Perri et al, 2013). Both ADPN 

mRNA and protein were shown to be expressed in human PTEC, which is escalated with 

inflammation (Perri et al, 2013) with a protective role against renal IRI (Oh and Rabb, 

2013). Our results revealed that ADPN protein is expressed from human PTEC in vitro 

after exposing to hypoxia and nutrient starvation. Furthermore, the protein increases in 

abundance during replenishment for 24 hours and diminishes after replenishment for 48 

hours. The molecular mechanism is still uncertain (Oh and Rabb, 2013). 

 

Resistin is another member of adipokine family in addition to other proteins such as IL-

6 and TNF-α (Raucci et al, 2013). Its protein was found at higher levels in the control 

group but started diminishing in hypoxia and starvation group as well as replenishment 

groups. Park et al, 2011 suggested an inflammatory function for resistin. They 

emphasised that different cytokines like IL-6 and TNF-α can stimulate resistin expression 

from adipocyte and monocytes (Park et al, 2011; Raucci et al, 2013) which thereafter can 

reverse the action of adiponectin (McTernan et al, 2003). In contrast, low glucose level 

may stimulate resitin expression from adipocytes (McTernan et al, 2003). 
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Figure 7-11 Microarray protein proteome profiler of HK-2 cells were exposed to HNSR injury. 
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7.1.6 Induction of HK-2 cells injury by LPS stimulation 

In acute renal impairment, injury might be aggravated by lipopolysaccharide (LPS) 

endotoxin through potentiating the effect of hypoxia on the cells in the proximal tubular 

epithelium of the kidneys (Zager et al, 2007). Accordingly a trial to assess the effect of 

LPS on hypoxic cells were performed.  

Firstly, in order to find the best concentration for LPS, HK-2 cells were grown as usual 

and seeded at a density of 8 X 104 cells in a six well plate. Two of them were stimulated 

with 100 ng/ml LPS (E Coli 0111:B4) for 6 and 20 h respectively and the other two were 

stimulated with 10 ug/ml LPS for the same time points. The last two plates remained 

untreated as controls. The supernatants were measured in triplicate by LDH release assay 

and whole experiment repeated twice. Results showed that LDH release was increased 

with increasing LPS concentration and/ or duration of stimulation (Figure 7-12 A). 

Next, an attempt to design a HNSR model, cells were grown as above before being 

stimulated by LPS (10 µg/ml) for 6h and 20h and/ or transferred to an oxygen-free 

environment in hypoxic chamber for the same periods. The experiment was repeated 

twice and injury was assessed by LDH release assay. There was more LDH release after 

stimulation for 6h than 3h (Figure 7-12 B). However, we did not pursue any further 

analysis due to time constraint.  

 

Figure 7-12 Effect of LPS on renal PTEC.  A quantitative assessment of LDH release from supernatant of 

human proximal tubular epithelial (HK-2) cells treated with 100 ng/ml and 10 µg/ml LPS (E Coli, 0111:B4) 

for 3 and 6 hours (A) and the differences in LDH release after HK-2 cells stimulation with LPS (10 µg/ml) 

and / or hypoxia for 6 and 20 hours (B); n=2, data were presented as mean ±SD, p(*) < 0.05, (**) ≤ 0.01. 
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7.1.6.1 Response of renal PTEC to LPS and hypoxia  

TNF-α protein expression from HK-2 cells was measured using sandwich ELISA as an 

indication for inflammation. There were no significant differences in protein expression 

among the experimental groups in comparison to control at 6h treatment time (p> 0.05). 

Meanwhile, stimulation of HK-2 cells for 20h revealed significant elevation in TNF-α 

protein expression from hypoxia-treated cells in relation to LPS alone (p=0.026) but not 

significant (although still higher) than control (p=0.097). Combined stimulation resulted 

in maximum TNF-α expression which was significantly higher than LPS-treated and 

control cells (p=0.0005 vs 0.007) but not significant in relation to hypoxic cells (p=0.37). 

 

 

Figure 7-13 Expression of TNF-α protein from PTEC of human kidney after stimulation with LPS 

(10µl/mg) and/ or hypoxia for 6 and 20h in comparison to control and positive control; n=3, data were 

presented as mean±SD, p(*) < 0.05, (**) ≤ 0.01, (***) ≤ 0.001. LPS: lipopolysaccharide.  
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7.1.7 Treatment with human erythropoietin recombinant protein  

Erythropoietin (EPO) is a glycoprotein originating predominantly from kidneys of adult 

humans (peri-tubular cells) although brain and neonatal liver are other possible sources 

for it (Kristensen et al, 2013; Yang et al, 2011). Its production is under the control of 

HIF-1α and it is involved in erythrocyte formation. Pharmaceutically, during the last 2 

decades a recombinant human EPO (r-hu-EPO) has been prepared and frequently used to 

treat anaemia of chronic illnesses such as in end stage renal diseases, malignancy and post 

operation (Bernhardt et al, 2010). 

A cytoprotective effect of erythropoietin especially after ischemia reperfusion injury has 

been recorded through pleotropic mechanism; Hochhauser et al., (2008) found that 

erythropoietin could decrease the hepatic injury in transplanted liver. Later, Fu et al., 

(2013) confirmed this conclusion using a rat model. Although the exact mechanism of 

hepatocyte protection is not clear, it could be due to stimulation of intracellular signals 

like c-Jun N-terminal Kinase (JNK) and phosphatidylinositol 3-kinase which inhibit cell 

apoptosis (Hochhauser et al, 2008; Fu et al, 2013). Similarly, erythropoietin showed a 

protective effect on cardiac myocytes against IRI after myocardial infarction (Calvillo et 

al, 2003) and other heart diseases such as cardiomyopathy, arrhythmia and heart failure 

which generate ischemic conditions in heart muscle (Kim, Oudit and Backx, 2008; Burger 

et al, 2009; Ammar et al, 2011). Furthermore, studies showed similar protective impact 

of EPO against IRI in retina, reproductive system and neurons (Sasaki, 2003). Hence, the 

ischemia reperfusion injury in different tissues could be abrogated by treatment with 

EPO.  

Interestingly, EPO has a remarkable prophylactic influence in renal IRI though the exact 

mode of protection is unclear (Spandou et al. 2006). According to Westenfelder et al. , 

(1999), renal cells such as mesangial, proximal tubular and medullary collecting duct cells 

have its own erythropoietin receptor (EPO-R). Direct binding to EPO-R activates JNK, 

mitogen-activated protein kinase (MAPK), and the phosphatidylinositol 3-kinase 

(PI3/Akt). Consequently, this activation leads to up-regulation of both anti-apoptotic 

(Pallet et al., 2009) and anti-oxidative (Katavetin et al., 2007) genes. In addition, EPO 

has an anti-inflammatory role by ameliorating apoptosis via a decrease of PML in the 

interstitial tissue (Hu et al, 2012). 
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7.1.7.1 EPO treatment after ischemia  

The HNSR model was set as above using HK-2 cell line but 50 U/ml of human 

erythropoietin recombinant protein (eBioscience) was added to the media during 

reperfusion period. Then, reading was done via measuring LDH release from the 

supernatant of the cells using LDH kit (Promega). 

 

7.1.7.2 EPO treatment before and after ischemia  

The experiment was performed similar to the above model but 50 U/ml of human 

erythropoietin recombinant protein (eBioscience, 14-8992) was added I hour before 

induction of ischemia and another 50 U/ml during reperfusion.  

Erythropoietin may have a protective effect against renal IRI (Sharples et al, 2004; Yang 

et al, 2011) . To investigate the above renoprotective effect IRI model was performed. In 

this experiment the conditions were similar to the set up model where IRI for HK-2 cells 

were induced by hypoxia and or Locke’s buffer but a 50 U/ml Erythropoietin was added 

for the reperfusion media for 48 hours after exposing the HK-2 cells to the ischemia. The 

most protective effect for EPO was obtained with combination of hypoxia and Locke’s 

rather than with hypoxia and Locke’s buffer alone. 

A comparison was done between two modalities of EPO treatment in order to find the 

method of EPO treatment that gives best protective effect. In the first, the EPO (50 U/ml) 

was added to the reperfusion media after exposure to ischemia. While in the second, the 

EPO (50 U/ml) was added also one hour before exposure to ischemia and after exposure 

to ischemia). According to Sharples et al (2004) EPO treatment for 1 hrs before ischemia 

has protective effect against IRI (data not shown). In summary, these were a preliminary 

experiments that should be confirmed by further analysis. 
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7.1.8  Immunohistochemistry (IHC) for examining C5-9 in HNSR 

model 

7.1.8.1 Technique 

HK-2 cells were grown on coverslip in 6-well plate and were incubated until 80% 

confluent. Cells were exposed to HNSR as mentioned in chapter 3 before quick rinsing 

with PBS. Secondly, cells were fixed using methanol at room temperature for 5 minutes 

followed by PBS washing three times for 5 minutes each. Thereafter, the adherent cells 

were incubated with PBS containing 0.1–0.25% Triton X-100 for 10 minutes (to improve 

the penetration of the antibody) followed by three 5 minute washes with PBS. 

Next, cells incubated with 1% BSA (bovine serum albumin), 22.52 mg/mL glycine in 

PBST (PBS+ 0.1% Tween 20) for 30 minutes for blocking unspecific binding of the 

antibodies. Then cells were incubated in anti-C5b-9 antibody [aE11] (ab66768) (Abcam, 

Cambridge, USA) in 1% BSA in PBST in a humidified chamber for 1 h. Later, the 

solution was discarded and cells were washed three times in PBS, 5 min each wash. 100 

µl DAKO chemoMate En Vision detection kit HRP – rabbit / mouse labelled polymer 

(K5007 ENV) was added for 30 min at room temperature followed by another run of 

washing with PBS (3X5 min). and diluted DAB peroxidase chromogen was added for 3 

minutes sharp. Finally, PBS washing 3X5 min was performed, and then the slides were 

counterstained with 0.5 % (w/v) Toluidine Blue and / or Haematoxylin- eosin stain in 1% 

acetic acid (5 min) and followed by cover slipping with DPX to be examined under light 

microscope 40X (oil). 

 

7.1.9 Fluorescence-activated cell sorting (FACS) 

7.1.9.1 Principle 

Fluorescence activated cell sorting (FACS) is a flow cytometric technique measuring and 

analysing the scattered light and fluorescence emitting from target cells after stimulating 

them with light beam (laser). 

Cells are suspended in fluid media and are channelled singly through a laser beam. Then 

light scattering from cells or their components are produced as a result of light beam 

reflection and refraction from each cell. There are two types of scattering; Forward (FSC), 
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which is used to measure cell sizes, and side (SSC) to assess the granularity of cells. 

Fluorescent dyes (fluorochromes) that are excited at various wave lengths conjugated to 

specific antibodies to detect those cells expressing the antigen of interest. The most 

commonly used couple of fluorochrome are fluorescein isothiocyanate (FITC) and 

phycoerythrin (PE) because their peak emission spectra are well separated. Light signals 

(FSC and SSC) and fluorescence (FITC and PE) are detected and are converted to 

electrical charges for analysis via specific software).  

To prepare a plot that can be used for the coming experimental samples, a gate is 

performed when the collected values from the FSC and SSC are recognised and 

boundaries set up to confine the test to the target sample. This is followed by fluorescence 

compensation by which data from both fluorochromes (FITC and PE) are calculated to 

measure the percentage of interference between them. 

 

Figure 7-14 Light scattering and fluorescence emission from single cell. The Laser beams reflect and 

refract from cell (or its components) resulting forward scattering (FSC) and side scattering (SSC). A 

fluorescent emission excite from the fluorochrome-labelled antibody after its binding to cellular antigen. 

 

7.1.9.2 Technique 

Proximal tubular epithelial cell of human kidney (HK-2) were resuscitated from frozen 

stocks and grown in their usual media before seeding them in 6 medium size (25 cm2) 

flasks. 0.7 X 106 cells were seeded in each flask and were incubated overnight to adhere. 

The HNSR model was performed as usual (chapter 3) with control and experimental 

groups for each time points. Suspended cells were isolated from supernatant by 

centrifugation at 1500 rpm for 5 minutes at room temperature while the adherent cells 
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were collected from flasks by trypsin treatment followed by two cycles of washing with 

normal media and centrifugation at 1500 rpm for 5 minutes at room temperature. The 

pellet was washed twice with bovine serum albumin (BSA)-containing buffer solution 

after discarding media. According to the manufacturer’s protocol (FITC Annexin V 

Apoptosis Detection Kit with PI, San Diego, USA), cells were re-suspended in Annexin 

V binding buffer at a concentration of 0.25 X 107 cells per ml. Thereafter, a 100 µl of cell 

suspension was transferred in a 5 ml test tube and both 5 µl of FITC Annexin V and 10 

µl of propidium iodide solution were added. After mixing with mild vortex cells were 

incubated at room temperature (25 0C) in dark place for 15 minutes. Thereafter, 400 µl of 

Annexin V binding buffer was added and analysed using FACS DIVA machine and 

software.  

7.1.9.3 Results  

FACS was used to assess the presence of both apoptotic and necrotic cells after exposing 

HK-2 cells to HNSR injury. Results showed no differeneces among experimental groups 

and their controls. 

Table 7-3 FACS for HK-2 cells exposed to HNSR injury 

 Q1 Q2 Q4 

 Necrotic cells Late apoptosis/ necrotic 
cells 

Early apoptotic cells 
 

 Annexin V-ve/ PI+ve  Annexin V+ve/ PI+ve  Annexin V+ve/ PI-ve  

 

n=
1 

n=
2 

n=
3 Mean 

n=
1 

n=
2 n=3 Mean 

n=
1 

n=
2 

n=
3 Mean 

Control 
6 h 0.5 1.5 0 0.67 4.4 3.4 0 2.6 0.6 1.1 3 1.57 
HNS  
6 h 0.2 0.6 0.8 0.53 3.2 4 11.6 6.27 0.8 0.7 1.8 1.1 
Control 
24 h 0.3 0.3 1.9 0.83 2.8 1.1 11.1 5 0.7 0.4 2.7 1.27 
HNSR 
24 h 0.3 0.4 0.9 0.53 2.5 1.8 6.5 3.6 0.8 0.2 1.2 0.73 
Control 
48 h 0.4 0.5 2.1 1 5.2 1.6 9.8 5.53 1.4 0.6 3.5 1.83 
HNSR 
48 h 0.3 0.3 1 0.53 3.3 1.3 6.2 3.6 1.5 0.6 1.2 1.1 
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7.2 Human podocyte  

Podocyte cells were a gift from Professor Saleem Moin from Bristol University. The 

podocyte cells were grown in 25 cm2 flask using RPMI (PAA, 1640) containing L- 

glutamine (20 mM), 10% Fetal Calf serum (FCS), 200 µg /ml recombinant human 

epidermal growth factor HEGF (Sigma-Aldrich, MO, USA), penicillin (100 IU/ml) and 

streptomycin(100 µg/ml) . These cells express a temperature sensitive SV40 promoter 

that allows proliferative, undifferentiated growth at 33 0C where the cells take on a 

cobblestone appearance while differentiated growth at 370 C leads to cessation of the 

bodies of the cells are unevenly distended and spindle- shaped projections are formed 

(Figure 7-15 A). That is why the cells were kept in 330 C incubator for 7 days until they 

become confluent then transferred to a 370 C incubator to allow them to be differentiated. 

These cells were then split and were maintained in the same way as for HK-2 cells 

(Oshima et al, 2011). 

Podocytes were stimulated with the 3 injurious stimuli (Locke’s alone, hypoxia alone, 

and both) following the same protocol of HK-2 cells (Error! Reference source not 

found.). Results were similar to those of HK-2 cells where LDH release was increased 

with increased duration of treatment as and was more in combined treatment than 

exposure to each stimulus separately (Figure 7-15 B). 
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Figure 7-15 Confluent human podocytes under light microscope (X 40) (A) and a graph shows effect of 

nutrient starvation (Locke’s buffer) and / or hypoxia for 3 and 6 hours with media replenishment for 48 

hours on LDH release from supernatant of human podocytes (B); Data were presented as mean ±SD, p(*) 

< 0.05, (**) ≤ 0.01. 
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7.3 Primary mouse renal tubular cells (RTC) 

7.3.1 Mouse renal tubular cell (RTC) culture  

Many attempts to culture mouse RTC were made using protocols obtained from other 

studies; the method of Chana, Sidaway and Brunskill, 2008 gave a good yield of RTC 

with predictable monolayers at 30 days. To prepare RTCs from mice, explanted kidneys 

from schedule 1 culled mice were collected in to HBSS (20 ml). Under strictly sterile 

conditions, the kidneys were transferred to a Petri dish of Hank’s balanced salt solution 

(HBSS). The capsule of the kidneys was removed with scalpel blade and forceps, and the 

outemost layer of the cortex was carefully pared off. 

The collected cells were centrifuged for 5 min. at 1000 rpm. Thereafter, the formed pellets 

were washed twice with HBSS and were re-suspended with 9.5 ml HBSS and 100 µl of 

collagenase type II enzyme (Sigma-Aldrich, MO, USA). After incubation for 2 min at 

370C incubator, digestion was stopped by adding 20 ml DMEM: F12 containing 10% 

FCS. Another two washes with 20 ml DMEM:F12 media was done, then the pellet was 

re-suspended with 5 ml of DMEM:F12 media which contained specific substances 

suitable for mouse RTC as mentioned below. Lastly, 2.5 ml of media was plated out and 

these flasks were kept in the incubator without any movement for 7 days until the cells 

could be seen under microscope. Finally, the developed cells were maintained as usual 

for the human PTEC culture but with the DMEM:F12 media that contains insulin (5 

µg/ml) (Sigma-Aldrich, MO, USA), triiodothyronine (4 pg/ml) (Sigma- Aldrich, MO, 

USA) and hydrocortisone (36 ng/ml) (Sigma- Aldrich, MO, USA).  
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Figure 7-16PTEC cells of WT (A) and PKO mouse (B). Numerous dome formations due to the existence of 

tight junctions and an intact transcellular transport process are characteristic manifestations of confluent 

cultures 

 

7.3.2 Testing the sensitivity of mouse RTC to HNSR model  

The HNSR model with hypoxic environment and Locke’s buffer that was used in the HK-

2 cells was implemented to the RTC, which are prepared from both properdin knockout 

and wild type mice for the same time points. The media used for reperfusion is the same 

media used for culturing these primary cells.  

 

7.3.3 Properdin knockout mouse  

To assess if HNSR can be established for mouse RTC and if the sensitivity of mouse RTC 

depends on properdin, the established model of in vitro IRI was used to establish two sets 

of experiments for the RTC of properdin knockout and wild-type mice. Regarding the 

properdin deficient, the result showed that there were no significant differences in the 

LDH release in comparison to the control group although there was less cell membrane 

damage when the time of ischemia was 3 hours compared to 6 hours and control. These 

results would recommend for further studies on both knockout and wild-type mice to 

compare two genotype. 
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7.4 Cadaveric kidneys 

7.4.1 Introduction 

7.4.1.1 Kidney preservation 

A key predictive factor of success in kidney transplantation is the method of preservation 

of the retrieved organ (Jamieson and Friend, 2008). To reduce ischemic insults, the 

harvested organ is immersed in cold isotonic buffers that minimise metabolic activity and 

decrease cell damage (Vogel et al, 2012; Jamieson and Friend, 2008). Various types of 

preservation solutions are used in daily practice; nonetheless, cold static solution (Table 

7-4) is the most commonly used buffer (Hosgood, Hunter and Nicholson, 2012). 

Reducing temperature by 10 0C results in a 2-3 fold decrease in metabolic activity and 

subsequently, less consumption of adenosine triphosphate (ATP) and decreased 

phospholipid hydrolysis. This method influences favourably the damage from consequent 

reperfusion through reducing the deposited waste products metabolised during 

reperfusion (Jamieson and Friend, 2006; Hosgood, Hunter and Nicholson, 2012). This 

preservation method is both time-controlled and much less effective with increasing 

storage time as the generation and accumulation of metabolite and toxic substances slows 

to 10% but does not cease (Jamieson and Friend, 2006; Jamieson and Friend, 2008). 

Table 7-4 components of cold static solutions that are widely used in kidney preservation before renal 

transplantation surgery. * Essential components that are common in all formulas (Adapted from: (Hosgood, 

Hunter and Nicholson, 2012). 

 Components Examples Effects 

1 Impermeants* 
Glucose, lactobionate, mannitol, 

raffinose, sucrose 

Decrease swelling and provide stability to the 

ultra-structure of the cell 

2 Colloid 
Hydroxyethyl starch (HES), 

polyethylene glycol (PEG) 
Maintain osmotic pressure 

3 Buffers* Citrate, histidine, phosphate 
Decrease intracellular acidosis and minimize 

cellular swelling 

4 Electrolyte* 

Calcium, chloride, magnesium, 

magnesium sulphate, potassium, 

sodium 

Decrease intracellular acidosis and minimize 

cellular swelling 

5 Anti-oxidants Allopurinol, glutathione, tryptophan Preserve cell viability 

6 Additives 
Adenosine, glutamic acid, 

ketoglutarate 
Nucleotide metabolism? 
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7.4.1.2 Normothermic perfusion (NP) 

Normothermic perfusion (NP) could be defined as perfusing an organ that is prepared for 

transplant surgery at a physiologically normal temperature. Usually, NP is performed 

after organ dissection from the donor body and prior to implantation and restoring 

circulation into the organ within the recipient body. Unlike cold preservation, NP seeks 

to maintain oxygen and nutrient supply without an ischemic period (in an ideal situation) 

as well as preserving organ function in a normothermic environment. Accordingly, NP 

minimises cellular injury resulting from cooling during classical preservation, decreases 

IRI and enables evaluation of function and viability of the organ (Jamieson and Friend, 

2006; Morris and Knechtle, 2013; Vogel et al, 2012).  

7.4.1.3 Sources of donor kidneys 

There are two sources for kidneys used in transplantation for patients with end-stage renal 

diseases; they are donated from either a living human or cadaver (Terasaki et al, 1995). 

The latter are also of two variants; kidneys recovered from deceased patients with brain 

death (BD) or circulatory (cardiac) death (CD) (Damman et al, 2011a). There is some 

reservation to use kidneys from victims of CD over BD, but the demand for using kidneys 

from BD and CD donors is substantial (Watson et al, 2010), when there is a shortage of 

kidneys harvested from living donors, which are by far superior (Pratschke et al, 2001).  

Donors after brain death (DBD) refer to patients whose hearts are beating but fulfil the 

brainstem death criteria (Sade, 2011). If left without management, donors with BD suffer 

from multiple hormonal, physiological and inflammatory consequences resulting in 

cardiac arrest and deterioration in the outcomes after kidney transplantation (Barklin, 

2009; Bugge, 2009). Conversely, donors after circulatory (cardiac) death (DCD) could be 

defined as individuals with irreversible cardiopulmonary arrest, irreversible brain injury, 

their death has been certified and inevitable but they do not satisfy the brain death criteria; 

however, those are grouped as Maastricht category 3 (British Transplantation Society, 

2004; Steinbrook, 2007). 

Brain death has both local and systemic effects. The systemic consequences are due to a 

combination of (i) hemodynamic disturbances through catecholamine storming because 

of the injured brain stem, (ii) hormonal and metabolic changes, (iii) endocrine and 

neuropeptide turbulences and (iv) release of mediators secondary to brain ischemia 
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(Kosieradzki and Rowiński, 2008; Barklin, 2009). These changes lead to organ ischemia 

and endothelium activation which, as a whole, cause a systemic inflammatory reaction; 

however, these conflicts affect many organs inside the body such as lung, liver, heart and 

kidneys resulting in poor outcomes after donating them for transplantation (Auråen et al, 

2013). Nevertheless, studies about BD effects on kidneys were controversial, varying 

from presence and to absence of differences in the expression of various types of 

cytokines and adhesion molecules between kidneys harvested from living donor and brain 

death (Kim et al, 2000; Barklin, 2009). 

On the other side, DCD kidneys suffer from various period of warm ischemia before usual 

cold storage period. This may affect negatively the outcome after implanting such kidneys 

though the exact post-transplant prognosis is still unclear resulting in excluding DCD 

kidneys from the evidence-based national organ-sharing scheme, where DBD kidneys are 

allocated, and are kept within individual transplant centres (Summers et al, 2010).  

7.4.1.4 Role of complement fragment (C4d) during renal IRI 

The serum of an adult contains around 200- 600 µg/ml of a glycoprotein of about 200 

kDa named C4. It is composed of 3 subunits (α, β, and ɣ) which bind together via 

disulphide bonds (Odink et al, 1981; van den Elsen, Jean MH et al, 2002). C4 plays a 

crucial role in the activation of the complement system through leading to formation of 

C3 and C5 convertase. While activation of C4 occurs by both the classical and MBL 

pathways (Murata and Baldwin III, 2009; Nickeleit et al, 2002), through either of them, 

C4 is split to a small fluid phase C4a part which diffuses away and a large C4b fragment. 

C4b remains active for microseconds only because of the vulnerability of its exposed 

thioester bond of the α chain to react with any neighbouring protein or carbohydrate. 

Consequently, around 95% of C4b is hydrolysed with water and is dispersed in blood or 

interstitial fluid. In the meantime, the active C4b binds to C2a forming C3 convertase, 

which cleaves C3 to C3a and C3b. This in conjugation with factor B, leads to initiation 

of the alternative pathway (Murata and Baldwin III, 2009). C4b is inactivated by factor I 

(FI) forming iC4b which is split by FI to a large fragment, C4c, that is degraded and a 

small functionless molecule that covalently adheres via thioester bond to the cell 

membrane, called C4d (Feucht and Opelz, 1996; Murata and Baldwin III, 2009) (Figure 

7-17). Currently, C4d is a recocognised biomarker for immune mediated graft rejection 
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due to its ability to permanently deposit in the tubular epithelium of transplanted organs 

(Feucht and Opelz, 1996; Watschinger and Pascual, 2002). 

 

Figure 7-17 C4d formation and its relation to complements pathways. CP (complement pathway), MBL 

(mannose biding lectin), AP (alternative pathway), MAC (membrane attack complex).  

7.4.1.5 Role of von Willebrand factor (vWF) in renal damage during IRI 

vWF is important in haemostasis via changing platelets morphology, facilitating their 

accumulation and sticking them to each other, potentiating their adhesion to the vessel 

wall in addition to protecting factor VIII from destruction (Brouland et al, 1999; Lau et 

al, 2003). The multimeric adhesive glycoprotein, vWF, is composed of polypeptide 

chains, which are linked by disulfide bonds forming 500 kD dimers inside the 

endoplasmic reticulum then in Golgi apparatus, these dimers oligomerise to multimers 

that may be more than 10000 kD by creating disulfide bonds between the dimers 

(Brouland et al, 1999; Mendolicchio and Ruggeri, 2005). Eventually, the multimerised or 

mature vWF is stored in Weibel-Palade (WP) bodies, specialised organelles in the 

endothelial cell (EC) (Haberichter et al, 2005; Brouland et al, 1999). Megakaryocytes and 

platelets are considered another source for vWF production with presence of α- granules 

as storage organelles for vWF (Ruggeri, 2007).  

vWF is liberated from EC to the plasma either immediately after synthesis (so called 

constitutive pathway) or secreted from the storage Weibel-Palade granules after 
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stimulation (so-called regulated pathway) (Brouland et al, 1999; Ruggeri, 2007; 

Mendolicchio and Ruggeri, 2005). In vivo, the circulating (i.e. plasma) vWF originates 

merely from EC as platelets do not secrete their vWF contents unless activated (Ruggeri, 

2007). While in vitro, various stimulants lead to the secretion of vWF such us histamine, 

thrombin, oxidative stress and complement (Brouland et al, 1999). The mature vWF is 

unfolded after its secretion from the WP bodies under the influence of the shear stress at 

the site of the endothelial damage to participate in initiating platelet accumulation at the 

site of injury (Reininger, 2008). Later it is cleaved in plasma by a metalloproteinase 

(ADAMTS13) in order to prevent unwanted thrombi (Mendolicchio and Ruggeri, 2005; 

Ruggeri and Ruggeri, 2004; Levy et al, 2001) (Figure 7-18). Other studies illustrated the 

usage of vWF as an indicator for EC injury (Jahroudi and Lynch, 1994) in spite of the 

lack of information about its expression in vivo particularly after organ transplantation 

(Brouland et al, 1999). The expression of vWF increases commensurate with EC damage 

(Lip and Blann, 1995). Hence, expression of vWF reactivity could be a reliable marker 

for assessing endothelial damage during IRI. 

 

Figure 7-18 vWF synthesis and regulation during endothelial injury. ER (Endoplasmic reticulum), GA 

(Golgi apparatus) 
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The purpose of this chapter is to assess kidneys procured from DBD and DCD that were 

not transferred to the patient after subjective assessment by the surgical team as well as 

the impact of normothermic perfusion (NP) prior to surgery on these kidneys.  

 

7.4.2 Materials and methods 

This was a retrospective analysis for 60 kidneys (24 were from DBD and 36 from DCD) 

deemed to be unsuitable for transplantation which were perfused for 1 hour at room 

temperature (NP) after a variable time of storage. Clinical biopsies were collected from 

deceased kidneys before and after perfusion and embedded in paraffin wax (Leicester 

General Hospital) for further analysis. 

 

7.4.2.1 Ethics 

From October 2012 to October 2013, 60 kidneys, which were considered unsuitable for 

transplantation were recruited in this laboratory research project by the renal transplant 

group team at Leicester General Hospital (headed by Professor Michael L. Nicholson). 

The transplant coordinators before organ retrieval obtained consent from the donor family 

for the use of the organs for research. Ethical approval was granted for the study by the 

national research ethics commission in the UK (Ref UHL 77018; Ex-vivo normothermic 

perfusion of disused human kidneys; REC: 12/EM/0143; principle investigator: Professor 

Michael L Nicholson). 

 

7.4.2.2 Immunhistochemistry (IHC) 

 Principle 

Immunohistochemistry (IHC) is a method to detect presence of antigens (including 

protein expression) and their distribution within examined tissue cell. It involves multiple 

steps of tissue preparation and treatment that deploys biochemical, histological and 

immunological principles and enables a labelled antibody to interact with and localise the 

antigen of interest (Dabbs, 2013; Ramos-Vara, 2011). 
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 Technique 

In this chapter, IHC was used to assess semi-quantitatively the deposition of vWF in 

endothelial cells of renal glomeruli and C4d in renal tubules of the discarded kidneys.  

Five-micrometer microtome sections from these blocks were floated on water at 520 C 

and were attached to glass slides. The sections were de-waxed in two changes of xylene 

(5 min) and brought to water via methanol (99% IMS). Thereafter, slides were immersed 

in PBS for 7 min. Initially, for antigen retrieval, digestion of protein in tissue section was 

tried using proteinase K (40 µg/ml) after warming at 37 0C. This step was cancelled as 

the results were better without it. Next, a 100 µl DAKO chemoMate Peroxidase blocking 

solution (DAKO) was added for 5 min at room temperature then was drained. As blocking 

agent, 3% (w/v) bovine serum albumin (BSA) 0.5% Tween-20 in PBS was used (20 min, 

room temperature). Later, slides were washed in PBS, 3X5 min. 

Mouse monoclonal antihuman C4d antibody (Quidel) (1:250) or polyclonal vWF were 

added as primary antibody and the slides were incubated overnight at 40 C. Optimisation 

of vWF concentration was necessary as all the starting dilution (1/100) and subsequent 

ones (1/1000, 1/2000, 1/5000) showed too much reactivity. After washing (3 x 5 min), a 

100 µl DAKO chemoMate En Vision detection kit HRP – rabbit / mouse labelled polymer 

(K5007 ENV) was added for 30 min at room temperature. Then, another run of washing 

with PBS (3X5 min) and diluted DAB peroxidase chromogen (diaminbenzidine 

tetrahydrochloride) was added for 3 min sharp. Finally, PBS washing 3X5 min was 

performed, and then the slides were counterstained with 0.5 % (w/v) Toluidine Blue and 

/ or Haematoxylin- eosin stain in 1% acetic acid (5 min) and followed by cover slipping 

with DPX to be examined under light microscope 40X (oil). 

 

7.4.2.3 Western immunoblotting 

While its principle was explained in chapter 5, this well-known protein assay was 

launched in this chapter to examine semi-quantitatively C3, β-actin and vWF protein 

expression from renal tissues of collected kidneys. 
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 Preparation of tissue homogenate: 

At the beginning, tissue biopsies were selected randomly. Then, each tissue is weighed 

before adding 9 volumes Tris acetate (TA) buffer solution (50 mM) pH to 7.5. 

The tissue was mashed using pestle and mortar. Next, centrifugation of the homogenate 

was performed at 13000 rpm for 10 minutes 40C. Later, the supernatant was collected in 

1.5 ml reaction tubes after proper labelling. Finally, it is fundamentally important to carry 

out the procedure under liquid nitrogen. 

 

 Protein assay 

Total protein in tissue homogenate of each specimen was measured accurately and 

loading volumes were adjusted accordingly to get equal amounts of protein in each well 

(methods were explained at appendix page). 

DC protein assay (Bio-rad, Hertfordshire, UK) kit was used to assess protein 

concentration of the homogenate. Serial dilutions of Bovine serum albumin (Sigma-

Aldrich, MO, USA) from 2000 µg/ml until 750 µg/ml) with PBS were performed. The 

sample had to be diluted with dH2O to yield a total volume of 50µl. Then, using 96- well 

plate, 25 µl of already provided reagent A and 200 µl of reagent B were added to the well. 

Both the standard and the sample had to be vortexed before withdrawing from them a 5 

µl aliquot. A duplicate of each were added to the plate. Then, the plate was shacked for 5 

second before absorbance was read using the plate reader (Labsystem, multiskan EX) 

(program 630, ABORT once mixed). Absorbance results were plotted against standard 

(BSA) serial concentrations getting standard curve where absorbance were interpolated 

to calculate total protein concentrations of specimens (Figure 7-19). 

 

Figure 7-19: Standard curve of total protein assay of tissue homogenate from deceased kidneys  (DBD and 

DCD donors) in preparation for western immunoblotting. 
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 Running the gel 

Precast Bio-Rad miniprotean TGX 4-20% 10 well (456-1093) were used as a readymade 

SDS gel. 20 µg of protein were loaded with sample loading buffer 1: 1 (4% 

mercaptoethanol) in each well together with the ladder (BIO RAD#161-0374) which 

followed by running the gel run at 150 Volts for 90 min. The recipe of 10 X running 

buffer for 1 L 25 mM  Tris (30.3g), 192 mM (Glycine (144g), SDS (10g), pH 8.3.  

 

7.4.2.4 Histopathological assessment 

Evaluating histopathological changes were based on Remmuzi scoring system that 

examines four different parameters:  Glomerular global sclerosis, tubular atrophy, 

interstitial fibrosis and vascular lesions (Remuzzi et al, 2006). Sections were scored by a 

consultant pathologist who was blinded to the donor types. The score ranged from a 

minimum of zero (indicating the absence of renal lesions) to three (severe). The sum of 

the four parameters was calculated where a score of 0-3 indicated mild changes, 4-6 

moderate and 7-12 severe. 

 

7.4.2.5 Statistics 

Data were presented as mean ± SD and were compared using Students’ two way ANOVA 

and multiple t-test. Categorical variables were analysed by Pearson’s test. P < 0.05 was 

considered statistically significant. GraphPad Prism 6.07 was used for statistical analysis 

(GraphPad Software, La Jolla, California, USA). 

 

7.4.3 Results  

The results of the ex vivo work were collected, analysed and presented in this part in 

sections. Firstly, data about C4d deposition comparing between two sources of donated 

kidneys were illustrated, followed by identifying the relations with histopathological 

changes, renal functions and storage time. Data on vWF reactivity, C3 and β-actin were 

presented in the same fashion. Lastly, the effect of NP on C4d deposition and vWF 

production from deceased kidneys was shown; some supportive results were explained in 

the appendix. 
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7.4.3.1 Renal tubular epithelial deposition of C4d before NP 

Epithelial C4d reactivity has been described in allograft rejection and IgA nephropathy 

(Xu et al., 2009; Maeng et al., 2013).  Renal proximal epithelial cells are especially 

sensitive to ischemia-induced injury (Yu et al., 2013). Therefore, reactivity for thioester 

bonded C4 activation product C4d was examined in tubular epithelium. 

Immunohistochemical analysis was performed using a monoclonal antihuman C4d 

antibody as primary antibody. The slides were examined under light microscope at 40X. 

Two to three independent observers blinded to the sample groups evaluated the slides. 

Initially, the number of C4d deposits per 10mm2 was established, but was found to be too 

variable between observers. Next, we refined our evaluation by qualitatively scoring the 

extent of tubular involvement for C4d deposition which proved reproducibility between 

observers (Figure 7-21 A-E).  Kidneys were categorised into four subgroups according to 

degree and pattern of C4d deposition in the renal tubular area. This was in line with Banff 

scoring system for detecting post-transplant renal rejection where 0% of tubules had 

shown C4d staining equal to nil, while up to 10% and 19-50% immunostaining were 

considered minimal and focal, respectively. When more than 50% of renal tubules were 

stained, it was marked as diffuse (Cohen et al, 2012).  

Results revealed no significant differences in C4d deposition between DBD and DCD 

groups (p> 0.05) although presence of more C4d deposition in kidneys of DCD than DBD 

(Figure 7-21 F). Moreover, within DBD group, there was no significant variation among 

degrees of C4d deposition (p=0.28). Within DCD group, there was also no variation 

(p=0.074). 
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Figure 7-20 Immunohistochemical analysis of C4d deposition in tubular epithelium under light microscope 

(Olympus CX41) 10X using image Pro plus and Q imaging microPublisher 5.0 RTV; A: -ve control, B: no 

deposition, C: minimum deposition, D: focal deposition and E: diffuse deposition. F, comparison of scoring 

for C4d reactivities in DBD and DCD kidneys (n=22 and 34, respectively) 
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 Relation of C4d deposition with histopathological scoring 

Histopathological scoring is designed to assess the viability of donated kidneys for the 

purpose of transplantation via examining numbers of intact nephrons in these kidneys. A 

score of up to 3 assumes functioning kidney could be used for single transplants while a 

score between 4-6 means kidney is feasible for dual transplant while a score above six 

are not amenable to be transplanted (Remuzzi et al, 2006). 

The degree of structural damage (histopathological score) among DBD and DCD kidneys 

as well as its relation with storage time are illustrated in appendix (7.4.3.3.4). 

DBD kidneys showed increased diffuse C4d deposition in renal tubular epithelium with 

increased histopathological score (r=0.97; p=0.15). Oppositely, focal and minimal C4d 

deposition decreased with higher score (r= -0.866; p= 0.33 and r= -0.427; p= 0.72) 

respectively. In the meantime, nil C4d deposition in renal tubular epithelium was shown 

only in kidneys with the lowest histopathological score (Figure 7-21 A). 

Similarly, in DCD kidneys, diffuse C4d deposition showed insignificant direct relation to 

histopathological score (r= 0.879; p= 0.317) while, focal and minimal C4d deposition 

decreased with higher score (r= -0.991; p= 0.086 and r= -0.762; p= 0.448) respectively. 

None of the kidneys with severe histopathological score had nil C4d deposition (Figure 

7-21 B).  

9.1% of DBD and 3% of DCD Kidneys showed mild histopathological score and no C4d 

deposition; 13.6% of DBD and 12% of DCD specimens revealed mild histopathological 

score and minimal C4d deposition. 

These results suggested that C4d could be a marker of renal damage as its deposition, in 

renal tubular epithelium, was increased in the more damaged kidney although statistically 

this was not significant. In conclusion, C4d is not a discriminator between DBD and DCD 

pre-NP.  
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Figure 7-21 Semiquantitative analysis of C4d deposition in renal tubular epithelium plotted against 

histopathological damage in DBD (A) and DCD (B) 

 

 The relation of sum score with C4d deposition in renal tubular epithelium of 

DBD vs DCD kidneys 

The distribution of the severity of C4d deposition over the grades of sum score in both 

DBD and DCD groups showed some patterns of increment in C4d accumulation with 

measuring of score grades. The sum score is a composite of functional measures and 

visual appearance. It is graded from better function (1) to worst (5) by finding the total 

summation of three factors (renal blood flow, urine output and visual score). 

In DBD group, diffuse C4d deposition was raised over grades 1, 3 and 4. Nevertheless, 

the relations among sum score grades and C4d deposition were weak (r sum score vs nil= 

-0.74; sum score vs minimal= 0.27; sum score vs focal= -0.27; and sum score vs diffuse= 

0.15) with p value equal to 0.15, 0.65 and 0.65 and 0.8 respectively (Figure 7-22 A).  

Concurrently, the pattern of the diffuse C4d deposition in DCD specimens was 

significantly increased with higher sum score grades (r= 0.88; p= 0.05). By contrast, the 

focal deposition exhibited a significantly paradoxical pattern (r= -0.9; p= 0.036). There 

was no obvious correlation between sum score and either nil (r= 0.46; p= 0.43) or minimal 

(r= -0.41; p= 0.49) C4d deposition in tubular epithelium of kidneys harvested from DCD 

(Figure 7-22 B). 

From these sum score results, data shown proposed greater C4d deposition with 

deterioration of renal function in both donor kidneys and the relation was significant in 

DCD but not in DBD 
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Figure 7-22 Semi-quantitative analysis of C4d deposition in renal tubular epithelium plotted against sum 

score in DBD (A), DCD (B). The sum score is a cumulative score of renal blood flow; urinary output and 

visual score calculated from 1-5. 

 

 Effect of cold ischemic time (CIT) and warm ischemic time (WIT) on C4d 

expression in DBD vs DCD kidneys 

The cold ischemia represents the period from kidney retrieval until transplantation 

(Hosgood, Hunter and Nicholson, 2012) and in our model; it was calculated until starting 

NP. Each of the DBD and DCD kidneys groups were subdivided according to the duration 

of cold ischemia into two subgroups [at or below 24 h (≤ 24 h) and more than 24 h (˃24 

h) respectively]. These time points were chosen because during current practice, the CIT 

is less than 24 h in most of centres and does not exceed 48 h (Hosgood, Hunter and 

Nicholson, 2012) and  a cohort study on the relation of CIT with graft survival in kidneys 

donated from DCD identified the prolong CIT as more than 24 h (Summers et al, 2013). 

The severity of C4d deposition in renal proximal tubular epithelium was unexpectedly 

more in (≤ 24 h) than (˃ 24 h) groups in both DBD and DCD kidneys.  

While half of cases in DBD and DCD kidneys with CIT > 24 h showed focal and diffuse 

C4d deposition, there were fewer cases in DBD group with CIT ≤  24h (n= 2/22) than in 

the corresponding DCD group (n=9/34) (Figure 7-23). 

Kidneys from DBD did not experience a period of warm ischemia, the period from 

circulatory arrest till harvesting of kidney, unlike the DCD group. The latter was 

subdivided according to the period of warm ischemia into ≤ 16 minutes and more than 16 

minutes. 
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The relation of C4d deposition DCD groups with time of warm ischemia revealed a 

pattern similar to CIT where the focal and diffuse C4d deposition were increased in ≤ 16 

min and equally distributed with mild/minimal C4d deposition at > 16 min (Figure 7-23 

B).  

Hence, these results might signify that with increase CIT (DBD and DCD) and WIT 

(DCD), there were less activation of complement in donor kidneys.  

 

Figure 7-23 Semi-quantitative analysis of C4d deposition in renal tubular epithelium plotted against cold 

ischemic time in DBD and DCD  (A, C, D) and against warm ischemic time in DCD (B); data were 

presented as mean ±SD and p < 0.05 is significant. 

7.4.3.2 Assessing vWF accumulation in renal glomeruli before NP 

In normal kidneys, glomeruli do not stain with vWF (Pusztaszeri et al, 2006). 

Accordingly, vWF reactivity in the glomeruli of the declined kidneys was assessed under 

light microscope at 40 X and classified according to its intensity (Nil= -ve; mild= +ve; 

moderate= ++ve and strong= +++ve). Two independent observers blinded to the sample 

groups assessed the sections using predefined criteria (Figure 7-24 A-E). Results showed 

a highly significant abundance in vWF deposition in glomeruli of kidneys donated from 

DBD (p=0.0003) while abundance among DCD kidneys was not significant (p=0.0523). 

Data showed no significant differences in vWF deposition between DBD and DCD 
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groups (p> 0.05) although presence of stronger vWF deposition was more  in kidneys of 

DCD than DBD (Figure 7-24 F). It seems that the renal glomeruli in both groups were 

positively reactive to vWF and this was a constant observation in DBD in comparison to 

DCD.  

 

Figure 7-24: Immunohistochemicalanalyis of vWF reactivity in glomeruli. (A-D): examples of subjective 

staging of reaction intensity; A: Nil ( -ve), B: Mild ( +ve), C: Moderate ( ++ve), D: Strong (+++ve)  (10X). 

The vWF reactivity appears within the capillary convolute, (E) (40X). Olympus CX41 light microscope 

and image Pro plus /Q imaging microPublisher 5.0 RTV was used to capture images. (F), comparison of 

scoring for vWF reactivities in DBD and DCD kidneys (n=22 and 28, respectively).  
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 Relation of vWF reactivity with histopathological scoring 

There was no strong vWF reactivity in any of the DBD kidneys and only those with mild 

histopathological score showed no vWF reactivity. The moderate vWF reactivity was 

decreased with increase histopathological score (r= -0.967; p= 0.163). Oppositely, mild 

vWF reactivity was increased with increase histopathological scoring (r=0.945; p= 

0.212). (Figure 7-25 A). In addition, results of DBD kidneys revealed significant relation 

between mild and moderate vWF reactivity (r= -0.997; p= 0.049) as well as moderate and 

severe histopathological scoring (r= 0.985; p= 0.015). Hence, when the extent of vWF 

reactivity declined, kidneys were more damaged. 

In DCD kidneys, vWF deposition did not show any significant relation with the 

histopathological score (p> 0.05) (Figure 7-25B). However, 4.5% of DBD and 3.4% of 

DCD kidneys showed mild histopathological score with no vWF reactivity and 13.6% of 

DBD and 3.4% of DCD groups showed mild histopathological score and moderate vWF 

reactivity. 

 

Figure 7-25 Semi-quantitative analysis of vWF reactivity blotted against histopathological damage in DBD 

(A) and DCD (B). 

 The relation of sum score with vWF deposition in DBD vs DCD kidneys 

There were no significant relations of sum score with either donor groups.  In DBD group, 

r of sum score vs nil= 0.35; sum score vs mild= 0.46; sum score vs moderate= -0.64 with 

p value equal to 0.56, 0.43 and 0.24 respectively (Figure 7-26 A). In comparison to the 

DCD group, a possible relation (but not significant) was noticed between sum score and 

strong vWF expression (r= -0.87; p= 0.058). This was not applicable to nil and mild vWF 

reactivity from glomeruli of DCD (r sum score vs nill= 0.81; sum score vs mild= 0.22; 
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sum score vs moderate= -0.38) with p equal to 0.096, 0.72 and 0.52 respectively (Figure 

7-26 B).  

 

Figure 7-26 Semiquantitative analysis of vWF reactivity plotted against sum score  in DBD (A), DCD (B). 

The sum score is a cumulative score of renal blood flow; urinary output and visual score calculated from 

1-5.  

 Effect of cold ischemic time (CIT) and warm ischemic time (WIT) on vWF 

reactivity in DBD vs DCD kidneys 

There was a direct relation between time of cold ischemia and vWF reactivity from renal 

glomeruli among donated kidneys in which ratios of moderate and strong vWF reactivity 

were doubled in ˃24 h group over ≤ 24 h in DBD and DCD samples (Figure 7-27 A). 

Moreover, in DBD group exposed to cold ischemia for more than 24 h, moderate to strong 

vWF reactivity group had significantly longer CIT than nil to moderate group (p=0.002) 

(Figure 7-27 C).  

In DCD kidneys, both groups (nil to mild and moderate to strong) were significantly 

higher in > 24 h than ≤ 24 h (p= 0.003 and 0.004 respectively). However, after 24 h of 

cold ischemia, the moderate to strong vWF reactivity showed longer CIT than nil to mild 

group but not significant (p > 0.05) (Figure 7-27 D). 

With regard to WIT for DCD, vWF reactivity was more with longer ischemia. Strong 

vWF reactivity was nearly equal in both groups (≤ 16 min = 15%; > 16 min = 16.667%); 

however the moderate vWF reactivity was more in ˃16 min (50%) than ≤ 16 min (35%). 

The ratios of combined moderate and strong vWF reactivity were increased with 

increased WIT (Figure 7-27 B). 
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Figure 7-27 Semiquantitative analysis of vWF reactivity plotted against cold ischemic time in DBD and 

DCD (A, C, D) and against warm ischemic time in DCD (B). p (*) < 0.05, (**) ≤0.01, (***) ≤0.001, (****) 

≤ 0.0001; data presented as mean ±SD. 

 Small extra fragment of vWF by western blot ADAMTS13 in kidneys from DBD 

and DCD 

A vWF reactive band at 115 kDa was found most predominantly in samples scored +++, 

while a 60 kDa species were found at relatively lowest abundance in these samples. This 

compares to a figure found in Xiang et al, 2011, where vWF band decreases over time 

when ADAMTS13 is added, and a cleavage product appears (Xiang et al, 2011). This is 

contrary to our expectation that there would be more ADAMTS13 mediated cleavage of 

vWF when endothelial cells are damaged, i.e. we predicted it to be in the +++ samples. 

But because the abundance of bands appears to follow a pattern (Xiang et al, 2011), we 

thought we should repeat this one blot with the same samples one last time. We did long 

and short exposures  aiming for 115 kDa (weak at 1 min)  and 60 KDa (very strong at 1 

min) bands separately.   
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The western blot repeated for those samples and unfortunately, there was no difference 

in the presence of extra fragment in those 4 classes apart from band between 37 and 50) 

found in those sample 21(-ve score in IHC) and sample 3(+++ve score by IHC). 

 

7.4.3.3 Analysis of pre-NP complement C3 fragment and β-actin in kidney 

lysates using immunoblotting 

All the three complement cascades act on C3 and C5 resulting in their cleavage. By IHC, 

complement C3 is present in both basement membrane of Bowman’s capsule and renal 

tubules of normal kidney (Brar and Quigg, 2014). Because IHC using a polyclonal 

antibody identifies and localises C3 and perhaps its activation fragments, if present, 

western blot was used to identify unequivovally those samples in which C3 had been 

activated (Bokisch, Dierich and Muller-Eberhard, 1975). There was C3 expression from 

all samples of DBD kidneys and approximately all that of DCD (88.57%) as four samples 

were negative for C3 only. The C3 expressions were more abundant in DBD group than 

in DCD (Figure 7-28 A). Although β- actin is a well-known housekeeping marker, it was 

variable in this study. It was expressed more in DCD kidneys than DBD as well as the 

negative expression in DCD was half than of DBD group (20% vs 39.13%). However, 

one sample of the DCD group was negative for both, β -actin and C3, even though 

proteins were visualised on the gel (Figure 7-28 B).  

Samples exhibiting reactivity with the polyclonal anti C3 antibody of bands smaller than 

68 kDa (the β -chain of C3) were recorded positive for C3 activation. While 70.8% of 

DBD samples were positive of C3 activation products (iC3b, 43kDa; C3dg, 41 kDa; C3c, 

27 kDa), only 44.1% of DCD samples were affected in this way.  

 

Figure 7-28 Semiquantitative analysis of C3 fragment (A) and β-actin (B) expression using western blot in 

DBD and DCD.  
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 The relation of histopathological scoring to C3 fragment and β-actin 

expressions 

The patterns of C3 fragment expressions in relation to histopathologic changes in DBD 

samples showed more C3 fragment expression with increase in severity of tissue injury. 

Abundant expression of C3 fragment was directly related (r= 0.969; p= 0.16) while low 

expression was inversely related to histopathological scoring (r= - 0.969; p= 0.156) 

(Figure 7-29 A). 

Unfortunately, the pattern of C3 fragment expression in renal tissue lysate was not clear 

among DCD kidneys. There was no changes in ratio of low C3 fragment expression 

among the three histopathological grades. There was insignificant relation between both 

no and abundant C3 expression and histopathological damage (r= - 0.689; p= 0.516 and 

r= 0.565; p= 0.618 respectively) (Figure 7-29 B). 

Relatively, β-actin did not show a clear pattern in its expression from kidney in relation 

to the severity of histopathological changes in both DBD and DCD kidneys. In DBD 

kidneys, both abundant and low β-actin expression were directly related to 

histopathological score but not significant (r= 0.514; p= 0.508 and r= 0.933; p= 0.234 

respectively) (Figure 7-29 C). Comparatively, there was a fair increase in the severity of 

β-actin expression in relation to histopathological scoring among kidneys from DCD 

samples. Both no and low β-actin expression groups were directly related (not significant) 

to histopathological scoring (r= 0.937; p= 0.228 and r= 0.644; p= 0.555 respectively) 

while the relation between abundant β-actin expression with histopathological damage 

was inverse and not significant (r= - 0.782; p= 0.429) (Figure 7-29 D).  

It seems that all kidneys that scored severe in the histopathological assessment were 

positive for activated C3 and β -actin for DCD and DBD kidneys. Activated C3 

discriminates severe histopathology in DBD.  
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Figure 7-29 Semiquantitative analysis of C3 and β-actin expression using western blot. C3 fragment 

expressions were plotted against. C3 expressions were blotted against histopathological score in DBD (A) 

and DCD (B). β-actin expressions were blotted against histopathological score in DBD (C) and DCD (D). 

 Effect of sum score on complement C3 fragment and β-actin  

Activated C3 was expressed in all samples of DBD over the 5 grades of sum score. The 

expression was more abundant with higher grades of sum score because low expression 

of C3 fragment was significantly inversely related to sum score (r= - 0.884; p= 0.047) 

while abundant expression was directly related (r= 0.884; p= 0.047) (Figure 7-30 A, E). 

Interestingly, all three degrees of β-actin among DBD kidneys were inversely related to 

sum score (r for no expression, - 0.189; low expression, - 0.97; abundant expression; - 

0.609) although the relation was significant only in kidneys with low expression (p= 

0.006) (Figure 7-30 B, F).  

In DCD groups, both no and low expression of C3 from renal tubules were inversely 

related while abundant expression was directly related to sum score although the relations 

were not significant with p> 0.05 (r for no expression, - 0.169; low expression, - 0.22; 

abundant expression; 0.291) (Figure 7-30 C, E). 

By contrast, DCD specimens with no expression of β- actin were significantly related to 

sum score (r= 0.938; p= 0.018) while both low and abundant expression showed inverse 

relation though not significant (r= - 0.771; p=0.127 and r= - 0.816; p= 0.092) (Figure 7-30 

D, F).  
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Figure 7-30 Semiquantitative analysis of C3 and β-actin expression using western blot.  Comparison of C3 

(A) and β-actin (B) reactivity in DBD and DCD kidneys.C3 expressions were plotted against sum score in 

DBD (C) and DCD (E). β-actin expressions were blotted against sum score in DBD (D) and DCD (F).Strong 

(abundant expression) C3 (G) and β-actin (H) were plotted against DBD and DCD. The sum score is a 

cumulative score of renal blood flow; urinary output and visual score (1-5) 

 

 Effect of CIT and WIT on expression of C3 fragment and β-actin 

C3 expressions from renal tissue were stronger with less period of cold ischemia in both 

DBD and DCD groups. In DBD kidneys, abundant C3 expression was found in all 

specimens with cold ischemic time (≤ 24 h) and in 70% of (˃24 h) group. Likewise, in 

kidneys from DCD, although abundant C3 expression saw a minor decline with increased 

CIT but ratio of low C3 expression doubled in (≤ 24 h) group in comparison with (> 24 

h) group. Results also showed that ratio of no C3 expression was depressed 5 fold in 

kidneys with CIT (≤ 24 h) in comparison with (> 24 h) group (Figure 7-31 A).  
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The expression of β-actin showed two opposite patterns in relation with CIT between the 

two kinds of donor kidneys. In the DBD group, the more time the less expression where 

no β- actin expression group nearly doubled in (≤ 24 h) in relation to (> 24 h) and 

abundant β- actin expression was decreased respectively. In the DCD group, the opposite 

was found where ratio of no expression of β- actin was observed 3 times more in the short 

of CIT ≤ 24 h than in > 24 h groups while low expression was increased 4 times, 

respectively. The abundant β- actin was nearly equal between the two CIT groups (Figure 

7-31 B). 

In DCD kidneys, there was more C3 fragment expression in group experiencing ˃16 min 

WIW than in ≤ 16 min WIT group where both abundant and low expression were 

increased while activated C3 expression was detectable in all samples from > 16 min WIT 

group (Figure 7-31 C).  

In the same manner, β-actin expression from kidneys of DCD was expressed abundantly 

with increased WIT. Kidneys with ≤ 16 min WIT showed various degree of β- actin 

expression while all kidneys with WIT > 16 min had abundant expression only (Figure 

7-31 D).  

 

Figure 7-31 Semiquantitative analysis of C3 fragment and β-actin expression using western blot. C3 

expressions were plotted against cold ischemic time in DBD and DCD (A) as well as against warm ischemic 

time in DCD (C). β-actin expressions were blotted against cold ischemic time in DBD and DCD (B) as well 

as against warm ischemic time in DCD (D). 
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 Histopathology 

Results showed no difference in grades of histological score between DBD and DCD 

kidneys (Figure 7-32 A). The relationship between cold storage time with 

histopathological score was not strong either in DBD (r= -0.4; Figure 7-32 B) or DCD 

(r= 0.24; Figure 7-32 C); nevertheless, data revealed more histopathological damage in 

kidneys with CIT more than 24 h than those with or less than 24 h in both DBD and DCD 

(Figure 7-32 E). Furthermore, results of WIT in DCD kidneys showed a strong relation 

with histopathological score i.e. the more ischemia time, the more kidney damage (r= 0.9; 

Figure 7-32 D). 

 

Figure 7-32: Histopathological scoring grades in DBD and DCD kidney before exposing to NP (A) and its 

relation with CIT in DBD (B, E), DCD (C, E), and with WIT in DCD group (D). 
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7.4.3.4 Effect of NP on expression of vWF, C4d 

Recent trials showed that NP on marginal kidneys may improve surgical outcomes and 

open the door to invest kidneys in transplantation which are declined previously 

(Nicholson and Hosgood, 2013). After exposure to ex vivo NP, human kidneys that were 

donated from both brain death and cardiac death donors were classified into pre and post 

NP groups to assess both C4d and vWF expressions.  

There was a decrease in vWF reactivity after exposing both DBD and DCD kidneys to 

NP although the majority of kidneys showed no differences. Among DBD kidneys, nearly 

two third of kidneys revealed same grade of vWF reactivity pre and post NP while kidneys 

that showed a decrease in vWF reactivity were more than those that showed an increment 

after NP. Similarly, half of DCD kidneys did not reveal any differences in vWF reactivity 

between pre and post NP; however, kidneys that showed decrease in vWF reactivity were 

double those that showed an increase in reactivity after treatment them with NP (Figure 

7-33 A, C). Exposing both DBD and DCD kidneys to NP resulted in an increase in C4d 

deposition despite the majority of kidneys not revealing any changes in abundance of C4d 

expression. In DBD specimens, severity of expression of C4d was equal between pre and 

post NP in about two third of kidneys; nevertheless, kidneys that showed escalation in 

C4d expression were three times more than those that showed diminution after NP. In the 

same way, half of DCD kidneys did not reveal any changes in C4d expression after NP; 

however, kidneys that showed an increase in C4d expression were double those that 

revealed a reduction in expression post NP (Figure 7-33 B, D). 
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Figure 7-33 Effect of normothermic perfusion on vWF reactivity and C4d expression. Immunoblotting to 

assess semi-quantitatively ratios of vWF  reactivity (A,C) and C4d expressions (B,D) in declined kidneys 

that have been donated from both DBD and DCD donors.  

 

7.4.4 Discussion 

7.4.4.1 Cadaveric kidneys, the best source. 

One of the greatest challenges that surgeons are faced with is the high demand for 

allograft donor kidneys. This escalating demand has arisen from the widening in the gap 

between numbers of patients with ESRD and both numbers of donated kidneys and 

transplant operations (Binnani, Gandhi and Bahadur, 2012). The United Network for 

Organ Sharing (UNOS) reported that each year the number of ESRD patients waiting for 

renal transplant is increasing by 10% in comparison with an increase of only 4% rising in 

renal transplant surgeries (Gopalakrishnan and Gourabathini, 2007). This is supported by 

a report that was released by Scientific Registry of Transplant Recipients/ Organ 

Procurement and Transplantation Network (SRTR/ OPTN) declaring that around 40,000 

patients were waiting for transplant surgery in 1998 while in 2011 the numbers were 

increased nearly threefold (Binnani, Gandhi and Bahadur, 2012).  

As a result and despite the superiority of live-donor kidneys, a strategy was established 

to procure kidneys from cadaveric donor post brain (DBD) and/ or cardiac (DCD) death. 
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Additionally, the criteria of kidney selection were extended to include kidneys that 

previously were held to be inappropriate for transplantation such as those from elderly 

donors, obese patients and patients with chronic diseases (e.g. hypertension and diabetes) 

(Ojo et al, 2001; Gopalakrishnan and Gourabathini, 2007). However, about 41% of 

extended criteria donors (ECD) kidneys were rejected by the surgical teams ascribing to 

measures related to the size of the kidney, appearance, age of the patients, kidney 

perfusion as well as biopsy results (Binnani, Gandhi and Bahadur, 2012; Aubert et al, 

2015). Furthermore, there was large incongruity in ratios of ECD to standard criteria 

donors (SCD) among countries. While only 16.6% of renal transplant patient in USA get 

ECD kidneys, in France, it was 47% while only 30% in the rest of Europe (Aubert et al, 

2015).   

In our study, it was very difficult to address exactly whether DBD and DCD kidneys, 

which were originally declined, could be implanted successfully or not depending on their 

complement expression; however, this pilot study gave insight into the possibility of 

complement activation, which may result in early post-transplant renal dysfunction. 

Furthermore, this chapter presents for the first time that vWF, the vascular endothelial 

marker, could be used as a predictor for the severity of renal damage particularly 

in donor kidneys prior to transplant surgery.  

This study was limited by the absence of control group of living donor kidneys as well as 

no specimens from successfully transplanted organ. In addition, a major limitation to the 

study is, since kidneys were not transplanted, that no association with graft function after 

transplantation could be performed. 

These results were in agreement with Qureshi et al 2012, where they assessed 

prospectively and retrospectively a 60 patient cohort with combined pancreas and kidney 

transplantation (organs were procured from 20 DCD and 40 DBD donors). They revealed 

no significant difference in short term survival between DCD and DBD kidneys as 

Kaplan–Meier 1-year survival estimates of 84% and 95% respectively (Qureshi et al, 

2012). Another cohort study on 71 renal transplant surgeries performed in China using 

DCD kidneys for the period from 2007-2012 found that despite the high delayed graft 

function rate (28.2%), the 1 and 3 years survival rate were 95.7% and 92.4% respectively 

(Chen et al, 2013a). Furthermore, our results seem to be consistent with a study from 
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University of Wisconsin/ Department of Organ Transplantation. They compared the 

outcomes of 1038 kidneys donated from DCD with 3740 from DBD over three decades 

(1980- 2008) and they showed similarity in patient survival rate after 1 year, 3 years and 

10 years between DBD and DCD kidneys (95.2%, 88.4%, 60.7%, and 92.3%, 84.6%, 

59.7%) (Bellingham et al, 2011).    

However, the findings of the current study do not support the retrospective research by 

Singh et al 2011 on 70 DCD and 508 DBD transplanted kidneys at University of 

Minnesota School of Medicine/ Department of General Surgery/ Division of 

Transplantation, USA over a period from 2001 until 2008. They revealed that long term 

prognosis of transplanted kidneys from DCD donor is better than DBD with significantly 

higher mortality rates due to graft failure (12.5% DCD vs. 31% DBD), primary non-

function (0 DCD vs. 10% DBD) and greater mean serum creatinine levels after 2 years 

(1.4 DCD vs. 2.7 mg/dL DBD) (Singh et al, 2011). 

A review by Floerchinger et al 2011 proposed that organs (including kidneys) from DBD 

are inferior to DCD because brain death will activate various molecular and inflammatory 

cytokines such as activation of both complement system (increased circulating C3a) and 

extrinsic pathway of clotting system (increased von Willebrand factor) (Floerchinger, 

Oberhuber and Tullius, 2012).  

 

7.4.4.2 Complement fragment (C4d) and C3 

The study found no difference in extent of complement C4d protein expression from renal 

tubules of kidneys donated from DBD and DCD (Figure 7-20). C4d deposition showed 

positive relation in comparison with structural damage (histopathological score) where 

the more tissue damage, the greater the abundance of C4d deposition in both DBD and 

DCD kidneys. Another finding was that C4d deposition related positively with renal 

dysfunction (sum score) as kidneys with higher sum score revealed abundant C4 

deposition. Hence, C4d could be used as a biomarker of renal damage in deceased kidneys 

prior to transplantation.  

This study showed more abundance of C3 protein in kidneys obtained from DBD than 

DCD. Among DBD, C3 protein synthesis was directly related with structural changes 

where the more damage (higher histopathological score), the more abundant the 
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production. Similarly, there was an increase in C3 production in DBD kidneys with 

deterioration in renal damage (direct relation with sum score). Conversly, C3 production 

did not show any significant correlation with either histopathological scoring or sum score 

among DCD specimens.  

When relating the presence of C3 activation products and of C4d reactivity as a measure 

of complement activation within the kidney tissue, a greater proportion of DBD samples 

showed evidence of complement activation compared to DCD samples. Interestingly, 

8.8% of DCD samples did not show neither C3 activation products by Western blot or 

deposition of C4d by immunohistochemistry.  

Clinically, C4d staining was widely extended from being merely a biomarker for 

detecting antibody- mediated graft failure to cover all antibody- related conditions, 

including autoimmunity and pregnancy (Cohen et al, 2012). In the early nineties, a study 

of 596 patients with renal transplantation from cadaveric donors in Munich, Germany 

concluded the potential for using C4d as a prognostic as well as pathologic marker post 

renal transplant surgeries to detect graft rejection (Feucht et al, 1993). Later, a prospective 

study by Collens et al 1999 examined C4d deposition in peritubular capillaries by 

immunofluorescence to distinguish between humoral and cell- mediated rejection in 

kidneys that suffered from acute graft failure at the Massachusetts General Hospital 

(Collins et al, 1999). These studies resulted in considering C4d staining as a cardinal signs 

of acute antibody mediated renal rejection (Racusen et al, 2003). Later, these criteria were 

integrated into the Banff classification, a group of clinical, immunological, serological 

and morphological criteria to diagnose antibody mediated kidney rejection in 2007 

(Corrêa et al, 2013). Damman et al 2011 showed that C4d is elevated significantly in 

serum of deceased donors compared to live donors and is associated with acute graft 

rejection (Damman et al, 2011b).   

There is some disagreement about the sensitivity of C4d staining due to its appearance in 

renal biopsy with ABO- mismatching despite lack of graft dysfunction (Cohen 2012). 

Another debate was raised about its specificity as well. This is mainly due the presence 

of antibody-mediated rejection with negative C4d staining (Corrêa et al, 2013).  

The complement cascade has an essentially injurious role during kidney transplantation 

(Serinsöz et al, 2005). Upregulation of C3 could come from the tubular epithelium of the 
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donor kidney itself or be circulating in the recipient (Damman et al, 2011a). While the 

latter yields no effect on transplantation outcomes, Pratt et al, emphasised that absence of 

C3 in the donor kidneys improves survival in mice (Damman et al, 2011a; Pratt, Basheer 

and Sacks, 2002). Interestingly, Damman et al, proved that kidneys donated from brain 

death patients produce C3, i.e activation of complement system, before and immediately 

after transplantation as sequelae to brain death and IRI, respectively. 

 

7.4.4.3 Role of vWF 

This study set out with the aim of assessing the significance of vWF in evaluating the 

viability of deceased kidneys for transplantation. The results revealed that vWF was 

variously abundant in almost all glomeruli of deceased kidneys (DBD: 96% and DCD: 

90%) with stronger reactivity in DCD than DBD. Nevertheless, vWF reactivity in renal 

glomeruli showed no clear relation in deceased specimens either with structural 

(histopathological score) or functional (sum score) changes apart from its inverse relation 

to histopathological score and vWF reactivity in glomeruli of DBD kidneys (i.e. more 

damage, less reactivity). 

Prior studies have noted the importance of plasma vWF protein as an indicator for 

endothelial activation and injury secondary to inflammation (Zezos et al, 2005; Averna 

et al, 2001). vWF has been proposed as a marker for disease activity in patients with 

ulcerative colitis due to the direct relation of its plasma level with disease severity and 

also acute-phase proteins (ESR and CRP) as well (Zezos et al, 2005). Likewise, it has 

been used as a biomarker for diagnosing sepsis in a prospective study on patients at 

University Hospital of Geneva (Switzerland) and Lille (France) although it was not useful 

to distinguish disease level (Scherpereel et al, 2006).  

In relation to vWF production during renal diseases, a clinical study on uraemia patients, 

complication of chronic kidney diseases (CKD), noticed high plasma and low platelet 

vWF protein levels (Casonato et al, 2001). Similar clinical study by Shen et al, 2012 

confirmed the elevation in plasma vWF protein secondary to renal endothelial injury in 

CKD patients (Shen et al, 2012). Interestingly, an experimental renal transplantation on 

monkeys reported that vWF protein deposition in renal glomeruli is exacerbated during 

chronic, rather than acute, rejection (Lagoo et al, 2000).  
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vWF reactivity from renal vessels of donor kidneys could be an indicator of arterial injury 

which may result in development of atherosclerosis that results in with decreased graft 

survival due to chronic rejection (Ota et al, 2005; Blann, 2000). This was supported by 

an in vivo study on rats exposed to brain death (BD) where it showed an elevation in 

plasma vWF after 2 h after brain death. In addition, the same study revealed platelets 

trapped in the vascular lumen of donor kidney after ½ h of BD (Morariu et al, 2008); 

however, our results of increased staining for vWF in DCD could come from platelets 

that are stuck in glomeruli when no blood is flowing. This explanation could be supported 

by the higher β-actin production in DCD than DBD kidneys. 

 

7.4.4.4 Role of CIT and WIT in deceased kidney on complement (C4d and 

C3) and vWF 

Studies showed that CIT and WIT duration play a vital role in post-transplant kidney 

function as well as survival. Both DBD and DCD kidneys suffer from cold ischemia (CI) 

injury following removal. CI injury usually results from ATP depletion secondary to 

hypoxia (absence of oxygen). Several molecular and metabolic processes will be initiated 

ending with lysosomal enzyme stimulation, lactic acid production and acidosis, cellular 

swelling and both free radicles and mineral (calcium and iron) accumulation. After 

restoring blood flow, the CI injury progresses to IRI causing damage to both renal 

glomeruli and tubules (Halazun et al, 2007; Hosgood, Hunter and Nicholson, 2012). 

Summers et al, 2013 found in a cohort study on 6490 deceased kidneys that prolonged 

CIT (> 24 h) of kidneys procured from DCD resulted in worse graft survival than those 

from DBD while CIT did not affect graft survival of DBD kidneys (Summers et al, 2013). 

In addition to CI injury, kidneys harvested from DCD suffer a period of warm ischemia 

(WI), where blood is not reaching a normothermic kidney, from the time of heart stops 

beating until kidney is transferred to cold preservation.  Renal insults due to WI injury 

exacerbates the CI injury making DCD kidneys less favourable for transplantation 

(Hosgood, Hunter and Nicholson, 2012; Halazun et al, 2007).  

In our study, DBD kidneys showed lower C4d deposition as well as C3 protein production 

with increase CIT. DCD kidneys showed similar pattern of C4d deposition to that of DBD 
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with increase CIT and WIT while the C3 production was opposite.  C3 production in 

DCD kidneys was increased with prolonged CIT and WIT.   

In kidney transplantation, a study examined around 2500 kidneys procured from 

cadaveric donors over 8 years since 2000, revealed that CIT has a great impact on graft 

survival where prolonged CIT associated with higher rate of delayed graft function 

(DGF), where patients need haemodialysis during the first week after surgery, and graft 

rejection (Valdivia et al, 2011). Meanwhile, a similar study covering nearly the same 

period on 9082 deceased donor kidney was conducted by Kayler et al, suggested that 

despite the unfavourable effect of prolonged CIT on DGF, CIT has no effect on graft 

survival (Kayler, Srinivas and Schold, 2011). 

It seems likely that higher C4d and C3 production are indicators of more renal damage 

after transplantation and prolonged CIT and WIT have harmful effect on implanted 

kidneys. Results also showed evidence of complement activation (might be indicated 

from expression of C3 fragments in DBD specimens); however, C4d deposition did not 

express these relations with CIT and WIT. The fact that these kidneys are already 

damaged, not suitable for transplantation and renal cells die with prolonged CIT and WIT 

is a possible explanation of lowering complement synthesis with increase ischemic time.  

The study revealed a positive relationship between CIT and vWF reactivity in renal 

glomeruli of both DBD and DCD kidneys as well as with WIT in DCD specimens. This 

may be an indication of more renal damage with prolonged ischemic time.  

Another issue that could not be addressed in this study was that no effluents were 

available to study complement activation in fluid phase in addition to the unknown 

stability of epitopes when monoclonal antibodies were used (C4d). Another factor which 

was not been assessed, was the WIT in DBD kidneys during the period from clamping 

renal vessels until starting cold preservation. 

 

7.4.4.5 Role of NP 

Ex-vivo normothermic perfusion (NP) could be considered as a cleansing technique to 

reduce the side effects of storage time in donated kidneys prior to transplantation 

(Nicholson and Hosgood, 2013). However, there were no significant variations in C4d 
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deposition in renal tubular epithelium or vWF accumulation among pre NP and post NP 

groups. These findings drawn from kidney samples from both DBD and DCD groups; 

however, the findings of the current study do not support the previous research. A clinical 

study on 18 kidneys harvested from extended criteria donor (ECD) exposed to NP for 

about 60 minutes prior to transplantation revealed reduction in delay graft reduction in 

comparison to kidney with traditional cold storage (5.6% vs 36.2%) respectively 

(Nicholson and Hosgood, 2013). A greater number of samples is required to make 

conclusions. 

In summary, the study has indicated a great deal of variability in kidneys declined for 

transplantation. The warm ischaemic insult in DCD kidneys did not appear to have any 

added effect on cellular injury, complement activation or renal function. This highlights 

the need to employ assessment techniques to determine the suitability of marginal kidneys 

for transplantation. 

In addition, C4d staining of renal tubules did not differentiate between DBD and DCD 

kidneys but vWF, the vascular endothelial marker, could be used as a predictor for the 

severity of renal damage in donor kidneys prior to transplant surgery. Furthermore, both 

DBD and DCD may be good sources of transplantable material. 

 

7.4.5 Conclusion 

In terms of kidneys that were harvested from cadaveric donors, the present study was 

designed to assess deceased kidneys harvested from DBD and DCD that were declined 

from transplantation as well as the effect of ex vivo NP as preservative technique. The 

study has shown that C4d staining of renal tubules did not differentiate between DBD and 

DCD kidneys while activated C3 protein in renal tissue homogenate produced more in 

DBD than DCD specimens. However, among healthier kidneys, those with mild 

histopathological score, DBD kidneys with no C4d deposition were three fold more than 

that of DCD kidneys. The second finding identified more vWF staining in renal glomeruli 

and β- actin protein synthesis in tissue homogenate of DCD than DBD kidneys that could 

be from platelets that were stacked in kidneys after circulatory halt. Kidneys from DBD 

may be healthier so they can express proteins while DCD have too much damage to their 

cells so are not able to react. In that event, it could be assumed that kidneys with mild 



193 

 

histopathological score and no C4d deposition (9.1% of DBD and 3% of DCD) might be 

healthy enough for transplantation.  

The study on diseased kidneys has included human kidneys that are the target in all IRI 

researches, and from cadaveric donors where current studies are focussed to expand the 

numbers of donors. The data indicated a possibility that no significant differences 

between kidneys from DCD and DBD origin and both could be used for transplantation. 

The study also, proposes von Willebrand factor as a possible marker to assess the kidney’s 

suscebtibility prior to transplant surgery. 

It is unfortunate that the study was not able to include data from live control as well as 

post-transplant data although these were not possible because the kidneys were not 

suitable for implantation. Additionally, an increase sample size may be recommended to 

get statistically more meaningful results as well as to evaluate the influence of NP more 

accurately. Lastly, we could not normalise our data against β- actin due its inconstant 

expression although it would be interesting to investigate mechanisms of cell death via 

assessing the role of β–actin, ROS generation and mitochondrial activity (Li et al, 2004).  

Increasing numbers of human kidneys that included are in future studies as well as more 

focusing on the role of vWF will probably give more clear results in ex vivo work. 
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7.5 Participations, presentations and publications 

1. British Transplantation Society (BTS) congress 2014; 26 – 28 February, SECC 

Glasgow (poster and abstract)  

http://www.btscongress.com/posters-p105-113.html 

 

 

http://www.btscongress.com/posters-p105-113.html
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2. Twelfth Festival of Postgraduate Research, 7 July 2016. University of Leicester 
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3. UK kidney week (UKKW), Birmingham 7th-10th June, 2016 (poster) 
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4. American Society of Nephrology (ASN) Kidney week 2015.  San Diego, CA, 

USA, 3RD-8TH Nov. 2015. (Abstract p.888).  

file:///C:/Users/x121e/Downloads/KW15Abstracts%20(1).pdf 

5. 53rd ERA-EDTA Congress, Vienna, Austria, 21st-24th May 2016 (free 

communication) 

 

 

file:///C:/Users/x121e/Downloads/KW15Abstracts%20(1).pdf
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6. Mode of Proximal Tubule Damage: Differential Cause for the Release of TFF3? 

(article at Frontiers in Immunology. 2016;7:122. doi:10.3389/fimmu.2016.00122) 
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