
Introduction  

-1-  

INTRODUCTION 

upus nephritis, one of the most serious manifestations of 

systemic lupus erythematosus (SLE), usually arises within 

5 years of diagnosis (D'Agati and Appel, 2007); about 50-80% 

of patients with lupus suffer from lupus nephritis which is one 

of major causes of morbidity and mortality. Renal pathologists 

and nephrologists usually evaluate the degree of histological 

damages to establish therapeutic plans for lupus nephritis 

(Sada and Makino, 2009). 

The contribution of the vascular endothelium to the 

pathogenesis of renal injury has not been emphasized in lupus 

nephritis (LN). Neither the pathological classifications of LN: 

WHO classification, National Institutes of Health chronicity 

and activity indices (CI and AI, respectively), nor International 

Society of Nephrology/ Renal Pathology Society (ISN/RPS) 

2003 have addressed the state of the micro-vasculature in their 

definitions, despite the potential biological insights and 

treatment strategies to be gained by studying the endothelium 

in LN (Berthier et al., 2008). Sada and Makino (2009) 

reported that these classifications are based on glomerular 

pathology, whereas significant vascular and tubulointerstitial 

pathology are reported as separate entities. 

The membrane endothelial protein C receptor (mEPCR), 

an integral membrane protein with both anti-inflammatory and 

anti-thrombotic properties, is expressed on endothelial cells 
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and regulates the conversion of protein C to activated protein C 

(APC) by presenting it to the thrombin–thrombomodulin 

complex.  APC, in conjunction with its cofactor protein S, 

degrades factors Va and VIIIa on the phospholipid surface, 

thereby attenuating the coagulation cascade. Also APC 

remarkably acts directly on cells to exert multiple 

cytoprotective effects including (1) alteration of gene 

expression profiles; (2) anti-inflammatory activities; (3) 

antiapoptotic activity; and (4) protection of endothelial barrier 

function, and EPCR is required for most if not all of APC’s 

known cytoprotective actions (Monsier et al., 2007). 

Defects in the protein C anticoagulant pathway have been 

implicated as the underlying risk factors for the development of 

venous and arterial thrombosis (Liaw et al., 2001).  

EPCR may serve as an important biomarker since they 

reflect biologic events occurring at sites where the endothelium 

has been activated and engaged in inflammation with 

subsequent loss of functional integrity (Clancy et al., 2001). 

mEPCR is shed in a pathological state to a soluble form, 

sEPCR (Sesin et al., 2005). 

A study demonstrated  plasma soluble EPCR inhibits 

protein C activation in vitro, implying that elevated levels of 

soluble EPCR will promote a thrombotic diathesis (Kurosawa 

et al., 1998). 
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Previous study done on EPCR role in sepsis was the 

study of Kurosawa et al. (1997) who observed an increase in 

soluble EPCR in blood obtained from patients with sepsis 

relative to normal volunteers. Also another study was done on 

its role in management of sepsis revealed the ability of APC 

therapy to reduce mortality in severe sepsis patients, implicates 

the anticoagulant and cytoprotective actions of APC as 

potentially very important for APC’s pharmacologic success 

and gave impetus to new directions for basic and preclinical 

research on APC (Monsier et al., 2007). 

Few clinical studies were done for role of EPCR on SLE, 

as the study of  Kurosawa et al. (1997) that showed an increase 

in soluble EPCR in blood obtained from SLE patients, and in 

another study, patients with LN had significantly higher levels 

of sEPCR and lower expression of mEPCR than those without 

nephritis (Sesin et al., 2005). Also, Izmirly et al. (2009) 

revealed expression of mEPCR in cortical peritubular 

capillaries in patients with LN not in controls and the pattern of 

expression could be used as a marker of response to therapy. 

In this study, we will study role of EPCR (membrane 

and soluble forms) as a biological marker of renal vasculopathy 

to point out its relation to the pathogenesis, pattern and 

prognosis of LN. 
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AIM OF THE WORK 

o perform clinical, laboratory and immunopathological 

studies on systemic lupus erythematosus (SLE) patients to 

assess the endothelial protein C receptor (EPCR) (membrane 

and soluble forms) in order to: 

(1) Study relation of membranous endothelial protein C 

receptor (mEPCR) expression in lupus nephritis to its 

pathological classification. 

(2) Find out role of soluble endothelial protein C receptor 

(sEPCR) in non-clinical lupus nephritis patients.  

(3) Reveal any correlation between EPCR and SLE disease 

pattern. 

(4) Detect if there is a role of EPCR in the prognosis of 

lupus nephritis.  
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SYSTEMIC LUPUS ERYTHEMATOSUS 

ystemic lupus erythematosus (SLE) is the prototypic 

multisystem autoimmune disorder with a broad spectrum 

of clinical presentations encompassing almost all organs and 

tissues. The extreme heterogeneity of the disease has led some 

investigators to propose that SLE represents a syndrome rather 

than a single disease (Bertsias et al., 2012). 

Epidemiology:  
 

Epidemiological studies on SLE show marked gender, 

age, racial, temporal and regional variations, indicating 

hormonal, genetic and environmental disease triggers. 

There are gender disparities in SLE burden, with higher 

disease prevalence in women compared to men. Based on 

clinical experiences alone, it was established that the disease 

generally affected females in 80–90% of the cases and usually 

highest incidence at 15–44 years of age, while its prevalence 

maximal at 45–64 years (Siegel & Lee, 1973). In more recent 

studies, women are affected nine times more frequently than 

men with sixty five percent of patients with SLE have disease 

onset between the ages of 16 and 55; these suggest that 

hormonal factors play important role in SLE pathogenesis 

(Bertsias et al., 2012). 
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Studies of racial tendencies showed that SLE more 

frequently affected non-Caucasian individuals. For instance, in 

the USA, SLE is more frequent in African-Americans, 

Hispanics and Asians than in Caucasians (Ramsey-Goldman 

and Manzi, 2000). This suggests an importance of genetic 

predisposition to SLE (Danchenko et al., 2006). 

Temporal increase in SLE burden has been reported by a 

number of researchers. For instance, only for a period from 

1955 to 1974, the incidence of SLE in the USA increased from 

1.0 to 7.6 (Fessel, 1974). Temporal increase in SLE burden 

may be associated with changes in environmental factors, 

although increased recognition of the disease and improved 

diagnostic methods may cause artifactual changes in SLE 

frequency (Danchenko et al., 2006). 

Estimates of the prevalence of SLE vary greatly, ranging 

from 20 to 150 per 100 000 among Afro-Americans and Asians 

(Lawrence et al., 1998 & Uramoto et al., 1999). SLE is found 

with an estimated prevalence of 40/100,000 in northern 

European (Rahman and Isenberg, 2008). The incidence has 

risen threefold during the last 40 years, owing to improved 

detection of mild disease (Pons-Estel, et al., 2010). 

Despite improvements in overall survival rates, patients 

with SLE still have a death rate that is 3 times higher than that 
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of the general population. Infections and diseases of the 

cardiovascular, renal, pulmonary and CNS are the most 

frequent causes of death in patients with SLE (Schur and 

Hahn., 2014). 

Since the 1950s, the five-year survival rate for patients 

with SLE has increased from 50% to a range of 91% to 97%. 

Decreased mortality rates can be attributed to earlier diagnosis 

(including milder cases), improvement in disease specific 

treatments and advances in general medical care (Gill et al., 

2003). 

Aetio-pathogenesis of SLE: 

SLE is a multi-organ autoimmune disease whose 

pathogenesis is multifactorial lying on genetic, environmental 

factors and on abnormalities of both the innate and the adaptive 

immune system. The induction, maintenance and progression 

of the disease are a multi-step process that may take long time 

eventually leading to tissue injury (Croker and Kimberly, 2005). 

 

The aetio-pathogenesis of SLE includes the following:  

 

I- Genetics of SLE: 

The genes associated with SLE in humans are located on 

chromosome 6, in the region that encodes HLA genes, 

especially class II (DR, DQ, DP) and class III (Tsao et al., 

2002).  
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Besides HLA, the region in chromosome 6 also encodes 

components of complement pathway (C2, C4) as well as 

tumour necrosis factor TNF-α and TNF-β. All these genes have 

been associated to SLE (Hewagama and Richardson, 2009). 

The rate of gene discovery in SLE has increased during 

the past few years thanks to large genome-wide association 

studies (GWAS) using hundreds of thousands of single-

nucleotide polymorphism (SNP) markers. GWAS in lupus have 

confirmed the importance of genes associated with immune 

response and inflammation and thus highlight the importance 

of Toll-like receptor (TLR) and type 1 interferon (IFN) 

signalling pathways also, some of the genetic loci may explain 

not only the susceptibility to disease but also its severity 

(Criswell, 2011).  
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Table (1): Genes involved in human systemic lupus erythematosus 

(Mok and Lau, 2003). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

II- Epigenetic Effects:  

The risk for SLE may be influenced by epi-genetic 

effects such as DNA methylation and post-translational 

modifications of histones, which can be either inherited or 

environmentally modified. Epigenetics refers to inherited 

changes in gene expression caused by mechanisms other than 

DNA base sequence changes. Epigenetic mechanisms may re-

present the missing link between genetic and environmental 

risk factors (Richardson, 2007). 
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Epigenetic mechanisms may contribute to T and B cell 

hyperreactivity in SLE. In particular, drug-induced lupus has 

been associated with inhibition of DNA methyltransferase 1 

(Dnmt1) and demethylation and activation of T cell genes, such 

as leukocyte function-associated antigen 1 and CD70 (Gorelik 

and Richardson, 2009). 

Epigenetic mechanisms may directly contribute to the 

production of pathogenic anti-dsDNA immunoglobulin G 

(IgG) autoantibodies by B cells. These autoantibodies are 

mutated and class switched, mainly to IgG, indicating that Ig 

gene somatic hypermutation (SHM) and class-switched DNA 

recombination (CSR) are important in their generation. The 

significant upregulation of SHM and CSR is associated with 

increased expression of activation-induced cytidine deaminase 

(Zan et al, 2009). 

III- Environmental factors: 

Candidate environmental triggers of SLE include 

ultraviolet light, demethylating drugs, and infectious or 

endogenous viruses or viral-like elements (Rahman and 

Isenberg, 2008). 

Exposure to ultraviolet light and various environmental 

toxins, including smoking, are additional environmental factors 



 Systemic Lupus Erythematosus  

-11-  

Review of Literature 

identified in epidemiological studies (Rahman and Isenberg, 

2008). 

Epstein Barr virus (EBV) has been identified as a 

possible factor in the development of lupus. EBV may reside in 

and interact with B cells and promotes IFNα production by 

dendritic cells, suggesting that elevated IFNα in lupus may be 

at least in part due to aberrantly controlled chronic viral 

infection (Bertsias et al., 2012). 

IV- Hormonal factors: 

First onset of SLE before puberty and after menopause is 

uncommon. The female predilection becomes less pronounced 

outside the reproductive age range. These reflect the role for 

endogenous sex hormones in disease predisposition (Cervera et 

al, 1993). 

Estrogen has many effects on the immune function. Both 

physiological and supraphysiological concentrations of 

oestrogens facilitate humoral responses, leading to increased B 

cell proliferation and antibody production. On the contrary, 

high doses of oestrogens inhibit T cell responses, such as 

proliferation and IL-2 production. Oestrogens also increase 

calcineurin mRNA levels and enhance the cell surface 
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expression of CD40 ligand (CD40L) in cultured T cells from 

patients with SLE. These effects appear to be unique to patients 

with SLE, indicating that lupus T cells are more sensitive to 

oestrogens. Taken together, oestrogens may aggravate SLE by 

prolonging the survival of autoimmune cells, increasing T 

helper type 2 (Th2) cytokine production, and stimulating B 

cells to produce autoantibodies. The inhibition of the Th1 

response and the enhancement of CD40L expression on lupus 

T cells may indirectly promote the Th2 response and lead to 

further B cell hyperactivity. Table 2 summarises the actions of 

oestrogens on various cell types of the immune system (Mok 

and Lau, 2003). 
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 Effects of oestrogen on immune function (2): Table

(Mok and Lau, 2003). 

Cell type Effect Dose 

B cells 

↑B cell differentiation and in vitro Ig 
production including anti-dsDNA 
(patients with SLE and healthy 
subjects) Physiological 

 

↓In vitro apoptosis of PBMCs and 
↓TNF-α production (patients with SLE, 
not in healthy subjects) Physiological 

T cells 
↓Proliferative response to mitogens 
and antigens High 

 

↓IL-2R expression and IL-2 production 
in activated peripheral blood T cells 
(healthy subjects) High 

 

↑Calcineurin mRNA values in cultured 
T cells (patients with SLE, not in 
healthy controls or patients with other 
rheumatic diseases) 

Dose 
dependent 

 

↑CD40L expression of peripheral blood 
T cell (patients with SLE, not in healthy 
controls) Physiological 

Monocytes 
↑IL-10 production (patients with SLE 
and healthy subjects) Physiological 

 ↑cNOS release Physiological 

Others 
↑Adhesion molecule expression in 
endothelial cells High 

CD40L, CD40 ligand; cNOS, cytoplasmic nitric oxide synthase; 
dsDNA, double stranded DNA; Ig, immunoglobulin; IL, interleukin; 
IL-2R, interleukin 2 receptor; PMBC, peripheral blood mononuclear 
cells; SLE, systemic lupus erythematosus; TNF-α, tumour necrosis 
factor α. 
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V- Drugs: 

Exposure to certain drugs may induce SLE in the 

genetically predisposed individuals. These drugs include: 

- Hydralazine - Procainamide - Isoniazid 

- Hydantoins - Chlorpromozine - Methyldopa 

- D-Penicillamine - Minocyclin - Interferon-á 

These drugs cause lupus-like syndrome, which resolves 

when the drug is discontinued. The patients usually present 

with skin and joint manifestations; renal and neurologic 

features are very rare (Rubin, 2002). 

Several theories have been proposed of the pathogensis 

of drug induced lupus. One is that the metabolites of the drug 

are subjected to oxidative metabolism and serve as a substrate 

for myeloperoxidase, which is activated in polymorphonuclear 

neutrophils. This interaction causes the formation of reactive 

metabolites that directly affect lymphocyte function in the 

thymus, disrupting central T-cell tolerance to the patient’s own 

tissues and producing autoimmune T cells against them. A 

second theory is that with decreased T-cell methylation, an 

overexpression of lymphocyte function–associated antigen 

(LFA-1) occurs. T cells with hypomethylated DNA become 

autoreactive and cause antibody formation. This is the 
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mechanism by which ultraviolet (UV) light causes flares of 

lupus. A third theory is that the genetic differences in an 

individual’s P450 system causes drugs to be metabolized 

differently, which results in the generation of toxic metabolites 

that may facilitate autoimmunity (Antonov et al., 2004). 

VI- Immune dysfunction in SLE 

SLE is characterized by immune system aberrations that 

involve B cells, T cells and cells of the monocyte lineage 

resulting in polyclonal B cell activation increased numbers of 

antibody producing cells, hypergammaglobulinaemia, 

autoantibody production, and immune complex formation. It 

appears that excessive and uncontrolled T cell help in the 

differentiation and activation of autoantibody forming B cells 

is probably a final common pathway (James et al., 1995). 

The activation of B and T cells requires stimulation by 

environmental antigens. Moreover, self-antigens, such as 

DNA–protein and RNA–protein complexes may induce 

autoantibody production. Environmental antigens and self-

antigens are taken up by professional antigen presenting cells 

(APCs) or bind to induced antibodies on the surface of B cells. 

Both professional APCs and B cells process the antigens into 

peptides and present them to T cells through their surface HLA 


