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INTRODUCTION 
 

Membranoproliferative glomerulonephritis (MPGN), also known as 

mesangiocapillary glomerulonephritis, is a rare kidney disorder that 

represents a specific histological pattern of glomerular injury rather than a 

distinct disease entity. Consequently, identifying MPGN on a kidney biopsy 

marks the beginning of a diagnostic investigation to uncover its underlying 

cause rather than providing a definitive diagnosis[1]. 

Histologically, MPGN is characterized by marked glomerular 

hypercellularity and thickening of the glomerular basement membrane, as 

observed through kidney biopsy, immunofluorescence, and electron 

microscopy. Typical findings include significant glomerular hypercellularity, 

thickening of capillary walls with electron-dense deposits, and splitting of 

the basement membrane caused by mesangial interposition.[1] 

MPGN can be classified into primary (idiopathic) and secondary forms, 

with secondary MPGN being more common in adults and primary MPGN 

more frequently observed in children[2,3]. The previous classification 

system, based on the location of electron-dense deposits, defined three 

types of MPGN: type I, type II, and type III[4]. Recent classifications, however, 

are based on pathogenesis and etiology, distinguishing MPGN with immune 

complex or monoclonal Ig deposits (with or without complement deposition) 

from MPGN with complement deposition caused by dysregulation of the 

complement system.[5] 
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MPGN is more prevalent in underdeveloped countries and less common 

in developed countries[6].  

Despite histological differences, clinical manifestations of MPGN overlap 

significantly. Patients may present with: 

 nephrotic syndrome (40-70% of cases), 

 acute nephritic syndrome (20-30%), 

 asymptomatic proteinuria and hematuria detected during 

routine urine analysis (20-30%), 

 or recurrent episodes of gross hematuria (10-20%).[4] 

Hypocomplementemia is a variable, present in some but not all 

cases.[7] 

The treatment approach depends on the specific type of MPGN, whether 

immune complex-mediated or complement-mediated and the underlying 

causal disease. Available treatment options include anti-proteinuric drugs, 

immunosuppressive agents, and renal transplantation. 

The long-term clinical course of MPGN is chronic and parallels the 

histological progression. It often progresses slowly and inexorably toward 

end-stage renal disease.[7,8]  

Due to the rarity of this pathological entity, studies involving large 

sample sizes remain limited. 
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This study aims to describe and analyze the clinical, etiological, and 

evolutionary profile of MPGN at the Nephrology Department of Hassan II 

University Hospital, focusing on all patients diagnosed with the MPGN 

pattern via kidney biopsy. 
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DEFINITION  

The term membranoproliferative glomerulonephritis (MPGN) describes a 

pattern of renal injury characterized by mesangial expansion due to 

mesangial and endocapillary hypercellularity, an increased mesangial matrix, 

and thickened capillary walls exhibiting a double-contour appearance, 

commonly referred to as the “tram-track” sign. This pattern can occur in the 

context of immune complex deposition, monoclonal protein deposits, or 

other organized deposits, such as in fibrillary glomerulonephritis. It may also 

result from complement-mediated disease or reflect a response to chronic 

endothelial injury with cell interposition but without deposits, as seen in 

chronic thrombotic microangiopathy (TMA)[9].  

The MPGN pattern was first described by Jones in 1957, who observed 

these changes in methenamine-silver-impregnated sections following renal 

biopsy [10]. Initially, it was identified as a form of chronic glomerulonephritis 

associated with persistent hypocomplementemia by West et al. and Gotoff et 

al [11].  

MPGN was subsequently classified into three types based on 

ultrastructural features observed under electron microscopy [11]. A later 

classification, known as the “Mayo Clinic” classification, introduced an 

etiopathogenesis-based framework. This system categorized MPGN into 

subtypes involving immune complex or monoclonal immunoglobulin 

deposition in the glomeruli and those linked to complement deposition 

arising from dysregulated complement system abnormalities [5,12,13].  

While MPGN is often idiopathic and commonly observed in children, 
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secondary forms are more frequently encountered in adults. These 

secondary causes are usually associated with chronic infectious diseases 

such as hepatitis B and C [14–17], autoimmune disorders, or malignant 

conditions [18].  

Classification of MPGN  

Historically, membranoproliferative glomerulonephritis (MPGN) has been 

classified into three types—Type I, Type II, and Type III—based on 

ultrastructural characteristics and the location of electron-dense deposits 

observed under electron microscopy (EM). However, this classification was 

not grounded in etiopathogenesis, highlighting the need for a more modern 

classification that elucidates the pathogenesis of these deposits [5,12,13].   

Traditional Classification of MPGN  

MPGN Type I  

MPGN Type I [19], is the most common form of MPGN. Histologically, it 

exhibits the characteristic MPGN pattern, including mesangial proliferation, 

cellular interposition, and a double-contour appearance under EM. 

Immunofluorescence (IF) microscopy reveals deposits of immunoglobulins 

(Ig) and complement component C3, or predominantly C3 deposits, within 

the glomerular basement membrane (GBM) [3].  
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MPGN Type II 

 

MPGN Type II, also known as Dense Deposit Disease (DDD) [20], is 

defined by the presence of mesangial and intramembranous, highly 

electron-dense deposits (EDD) under EM. Bright staining for C3 is observed 

under IF, without significant immunoglobulin deposition [3]. 

MPGN Type III 

 

MPGN Type III is characterized by electron-dense deposits located in 

subendothelial, intramembranous, and subepithelial regions, as seen under 

EM. IF microscopy may reveal either a combination of immunoglobulin (Ig) 

and C3 deposits or predominantly C3 deposits [3]. 

MPGN Type III is further sub-classified into the Burkholder type and the 

Anders/Strife type: 

 The Burkholder type exhibits features similar to MPGN Type I, 

with the addition of numerous subepithelial EDD [21].  

 The Anders/Strife type is distinguished by the presence of large, 

variably dense intramembranous deposits that connect subepithelial 

and intramembranous regions [22].  

MPGN Type III is often considered an intermediate form, as it shares 

characteristics of both Type I and Type II [3]. 
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Table 1:The traditional classification of MPGN by location of electron-dense 

deposits based on Electron Microscopy.[23] 

 

New MPGN Classification  

The traditional classification of MPGN lacked clarity regarding 

etiopathogenesis and did not adequately address the role of immune 

complexes and complement deposits. 

The Mayo Clinic classification of MPGN provides a more precise 

framework by dividing the disease into two broad pathogenetic pathways 

[24]:  

MPGN 

type 

Electron microscopic 

appearances 

Typical 

immunostaining 

Serum 

complement 

Other 

I Discrete electron dense 

material in mesangium and 

subendothelial 

GBM 

IgG ± IgA ± IgM + 

C3 + C1q 

Normal ± 

reduced C4 

and 

C3 

Infections, 

autoimmune 

disease, 

cryoglobulinaemia 

II Dense transformation of GBM 

lamina densa 

C3 only Reduced C3, 

normal C4 

C3NeF 

III Subendothelial and 

subepithelial 

GBM electron dense deposits 

IgG ± IgA ± IgM + 

C3 + C1q 

Normal ± 

reduced C4 

and 

C3 

Infections, 

autoimmune 

disease, 

cryoglobulinaemia 
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1. Immune complex-mediated MPGN: Characterized by the 

deposition of immune complexes or monoclonal immunoglobulins in 

the glomeruli, with or without associated complement deposition. 

2. Complement-mediated MPGN: Arising from complement 

deposition due to dysregulation of the complement system. 

3. MPGN without immunoglobulin or complement deposition —

 A histologic pattern that may resemble MPGN on light microscopy can 

be seen in the healing phase of thrombotic microangiopathies (eg, 

thrombotic thrombocytopenic purpura-hemolytic uremic syndrome), 

antiphospholipid antibody syndrome, nephropathy associated with 

bone marrow transplantation, chronic kidney allograft nephropathy, 

radiation nephritis, and malignant hypertension. 
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Figure 1:Relationship between historical and modern classification of 

glomerulonephritis with membranoproliferative morphology [1]. 
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PATHOPHYSIOLOGY OF MEMBRANOPROLIFERATIVE GLOMERULONEPHRITIS 

The pathophysiology of MPGN is largely based on dysregulation or 

hyperactivation of the complement system.  

THE COMPLEMENT SYSTEM  

The complement system is a crucial component of innate immunity, 

consisting of three interacting pathways that recognize and eliminate 

pathogens and modified self-antigens. It plays a vital role in host defense, 

and inflammation, and serves as a bridge between innate and adaptive 

immunity. It’s functions include opsonization, cell lysis, and removal of 

injured cells and debris [25,26]. 

Complement activation pathways  

There are three principal complement activation systems, namely the 

alternate, classical, and lectin pathways. These systems are characterized by 

a cascade of events involving inactive zymogens that are successively 

cleaved and activated. All pathways converge at the C3 resulting in the 

formation of the activation products C3a, C3b, C5a, and the membrane 

attack complex (C5b, C6, C7, C8, C9). [26] 

Formation of C3 convertase  

Classical Pathway 

In the classical pathway IgM, IgG of other foreign and non-self-

antigens  

bind to pentraxins or C1 complex, a multimeric complex consisting of 

C1q, C1r, and C1s molecules.[26] 
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The pathway is activated when the C1q portion of the multimeric C1 

complex binds to the Fc portion of the IgG or IgM leading to the activation of 

C1s and C1r. C4 and C2 are then cleaved by C1s to form the classical 

pathway C3 convertase, C4bC2a.[26] 

Pentraxins are evolutive proteins that are synthesized in the liver and 

other tissues in response to an infection and can recognize pathogens and 

eliminate them by directly binding to C1q [26]. 

Lectin Pathway 

Mannose-binding lectin (MBL), Ficolin, and other MBL-associated 

proteins known as MASPs bind to carbohydrates on the surfaces of 

pathogens, including yeast, bacteria, parasites, and viruses.  

There are four structurally related MASPs, 1, 2, 3, and MASPs 19, which 

is a truncated form of MASPs 2. 

The lectin pathway occurs when MASP undergoes a conformational 

change to become MASP 2 after binding to the pathogen surface. MASP 2 

then cleaves C4 to form C4a and C4b. C4b induces C2 after it attaches itself 

to the surface of the pathogen. C2 is later cleaved to form C2a and C2b by 

MASP 2. The lectin pathway C3 convertase, C4bC2a is formed after C4b 

binds to C2a. [26] 

Alternative Pathway 

 

The alternative pathway (AP) provides an immediate line of defense 

that does not require prior immunization. It recognizes a wide variety of 

potential pathogens within minutes after these organisms come in contact 

with the plasma proteins C3, factor B, and Factor D.[27] 
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An initial AP C3 convertase (C3(H20)Bb) is produced in the presence of 

Factor B and Factor D after spontaneous hydrolysis of C3 to C3(H20) through 

a constant low activation phenomenon called the “tick-over”[28].  

 

The initial C3 convertases from all pathways cleave native C3 into its two 

active fragments, C3a and C3b, and C3b gets covalently attached to nearby 

surfaces. In the absence of complement regulators, surface-deposited C3b 

can be gradually amplified through the formation of the final AP C3 

convertase (C3bBb) and cleavage of more C3 in the absence of complement 

regulator [29]. 

Other triggers like properdin, various proteins, lipids, and 

carbohydrate structures on foreign surfaces can directly activate the AP[30–

33]. The alternative pathway also represents an amplification loop for the 

classical and Lectin pathways.[34] 

Complement System Regulators 

Numerous proteins present in the fluid phase, bound to the cell 

membrane, or complement receptor regulators known as regulators of 

complement activity (RCAs), tightly control complement activity[35,36]. RCAs 

can be general or specific to the activation or terminal pathway. C4 binding 

protein (C4BP), vitronectin (S Protein), clusterin, Factor I(FI), Factor H (FH), 

and Factor H-like (FHL-1) [37,38] are fluid phase regulators, whereas 

examples of membrane-bound RCA  include decay accelerating factor (DAF 

or CD55), membrane cofactor protein (MCP or CD46), complement receptor 

1 (CR1 or CD35), and CD59[38,39]. 
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Complement regulators in the glomerular environment, like the MAC 

inhibitory protein, CD59, and the membrane cofactor protein, CD46, inhibit 

terminal complement pathways and control the proximal complement 

pathways, respectively [40]. 

RCAs maintain homeostasis through two processes namely, cofactor 

activity and decay-accelerating activity.  

Cofactor activity refers to proteolytic cleavage of C3b and C4b. In this 

process, a cofactor protein binds to fragments from the cleaved C3b and 

C4b, which is then proteolytically inactivated by a serine protease factor.  

These fragments serve as ligands for other complement receptors that 

facilitate the clearance of targets.  

In the decay-accelerating activity mechanism, the catalytic domain 

(serine protease) of a C3 or C5 convertase is dissociated. [41] 

Fluid phase inhibitors  

C4 binding protein (C4BP) 

C4BP regulates the CP and the LP by accelerating the decay of the CP 

C3 convertase and also serves as a cofactor for the serine protease factor I( 

FI). [42] 

Factor I  

Complement factor I is a serum serine protease that cleaves C3b and 

C4b into inactive fragments C4c and C4d in the presence of its cofactors, 

that is FH and C4BP[42,43].  
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Factor H and related proteins  

Factor H is the main AP RCA that regulates the AP in both the fluid and 

cell membrane phases. It is coded by the CFH gene and possesses a C-

terminal for surface recognition and an N-terminal that promotes cofactor 

and decay accelerating complement activities[44]. 

Factor H prevents the formation of C3 convertase by accelerating the 

decay of C3bBb. It also acts as a cofactor for factor I, leading to the cleavage 

and inactivation of C3b. [42,45] 

Five proteins show sequence and structural homology to CFH; these 

are, therefore, termed complement factor H-related proteins (CFHR) 1–5. 

They possess diverse functions. CFHR1 has been recently identified in 

controlling C5 activation[46], and CFHR1, CFHR2, and CFHR5 act as CFH 

antagonists by competing with CFH binding and CFH-mediated regulation at 

physiological concentration due to their shared dimerization motif[47].  

C1inhibitor  

C1 inhibitor inhibits C1r and C1s proteases of the CP and MASP-1 and 

MASP-2 protease of the LP[42].  

Membrane-bound Inhibitors  

Complement receptor type 1(CR1)/ CD35 

It’s a glycoprotein expressed predominantly on erythrocytes and 

leukocytes, that acts as a receptor for C3b and C4b. It is responsible for the 

removal of complement-opsonized microbes, cells, or immune complexes 

through their transport to the liver or spleen.  
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it functions as a complement inhibitor by acting as a cofactor for FI-

mediated cleavage and inactivation of C3b and C4b, a mechanism analogous 

to the function of C4bp and FH. In addition, CR1 can accelerate the decay of 

C3 and C5 convertases. [42] 

Membrane Cofactor Protein (MCP, CD46) 

It is a transmembrane protein mostly associated with the control of the 

AP convertase and also the LP and CP. It has similar functions to CR1 by 

acting as a cofactor of FI in the cleavage and inactivation of C4b and C3b but 

doesn’t promote decay of C3 or C5 convertases. It can, however, block the 

formation of C3 and C5 convertase by binding to C4b and C3b. [42] 

Decay Accelerating Factor (CD55) 

The DAF inhibits the formation of both CP and AP C3 convertases and 

also accelerates their decay. DAF is attached to the cell membrane via 

glycosyl-phosphatidylinositol(GPI). [42] 

CD59 (Protectin) 

It's a glycosyl-phosphatidylinositol (GPI) anchored protein,  a terminal 

pathway inhibitor that binds to C8 and C9, thus interfering with C9 binding, 

polymerization, and pore formation.[42]  

DRIVERS OF COMPLEMENT DISEASE  

Genetic and acquired drivers of the complement factors can lead to 

dysregulation of the complement system.  
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Genetic Drivers  

Genetic modifiers such as mutations in complement FH, FI, mutations 

in membrane cofactor proteins (MCP, CD46), genetic variants of C3 and C5 

after mutation, and mutations in complement regulatory proteins (CFHR1-5) 

[40]. 

Acquired Drivers  

These acquired drivers are usually autoantibodies to complement 

factors, environmental factors like infections, paraproteinemia, and 

monoclonal gammopathies as well as complement consumption during a 

chronic autoimmune disease.   

The most common acquired driver is the C3 Nephritic factor (C3Nef). 

C3Nefs are autoantibodies, mainly IgG or IgM, that bind to the C3 

convertase. They mostly recognize a neoepitope on the C3bBb complex, but 

some are known to bind solely to C3b or Bb. Some require the presence of 

properdin while others are properdin-independent [48]. They stabilize 

membrane-bound and 

fluid-phase AP C3 convertase, protecting it from regulatory 

mechanisms and increasing its half-life tenfold [49,50].  

The C4 Nephritic factor (C4Nefs), autoantibodies (mainly IgG) to the 

classical pathway C3 convertase C4bC2b prolong the half-life of the 

convertase by preventing both the intrinsic and the C4b-binding protein-

CR1- or DAF-mediated extrinsic decay. This leads to enhanced C3 and C5 

cleavage. They also protect C4b fragments from factor I. [48]  
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Other acquired drivers include C5Nefs that are C5 convertase 

(C3bBbC3b) stabilizing autoantibodies and autoantibodies of Factor B, Factor 

H, and C4b2a(CP C3 convertase).[51] 

 

Figure 2: Summary of the activation pathways and their regulators in the box 

[26] 
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PATHOGENESIS OF IMMUNE-COMPLEX/MONOCLONAL 

IMMUNOGLOBULIN MEDIATED MPGN. 

Immune complex-mediated MPGN (IC-MPGN)   results from the 

deposition of circulation immune complexes in the glomeruli due to chronic 

antigenemia and/or circulating immune complexes seen in chronic infections 

and autoimmune diseases [52,53]. Monoclonal immunoglobulin-mediated 

MPGN is due to paraproteinemia deposits in the glomeruli due to monoclonal 

gammopathies [54].   

It occurs in three phases: the injury phase, the proliferative phase, and 

the reparative phase. 

 In the injury phase, immune complex deposits in the glomeruli activate 

the classical and terminal complement pathways in the mesangium 

and along the capillary walls, which accounts for 

hypocomplementemia.  

 This leads to an influx of leukocytes releasing cytokines and proteases 

that cause damage to the capillary walls, resulting in hematuria and 

proteinuria in the proliferative phase.  

 Reparative changes follow, forming a new basement membrane and 

the entrapment of immune complexes, complement factors, cellular 

elements, and matrix material, resulting in double contours along the 

capillary walls. [5] 

 

A large number of IC-MPGN are a result of viral infections from 

Hepatitis B and C [14–17]. In developing countries, chronic bacterial 
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infections like endocarditis, shunt nephritis, and abscesses, as well as fungal 

and parasitic infections, are also associated with MPGN.[55–58]   

Cases of IC-MPGN have been reported in autoimmune diseases like 

systemic lupus erythematosus, Sjogren’s syndrome, rheumatoid arthritis, 

and mixed connective tissue disorders.[59–62]  

Monoclonal gammopathy of undetermined significance (MGUS) or 

monoclonal gammopathy of renal significance)  (MGRS)  is also one of the 

causes of immunoglobulin-mediated MPGN [54,63]. 

 

In recent findings, AP dysregulation due to genetic defects in CFH, C3, 

CFI, and CFB genes[64] and acquired defects like C3NeFs or autoantibodies 

of FH, FB, and C3b in complement AP genes [65,66] have also been 

incriminated in the pathogenesis of IC-MPGN/Monoclonal-mediated MPGN 

[67].  

Pathogenesis of IC-MPGN is summarized in (Figure 3) below. 
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Figure 3:Pathogenesis of Immune complex-mediated MPGN[5] 
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C3 GLOMERULOPATHY  

Recently, complement-mediated MPGN has been broadly reclassified 

under the term C3 glomerulopathies, which encompasses all disorders in 

which complement C3 accumulates in the kidney in the absence of 

significant immunoglobulin deposition [23]. 65-75% of light microscopy 

findings of C3 glomerulopathy are in favor of complement-mediated MPGN 

[51,64].  

C3 glomerulopathies (C3G) are a group of rare kidney diseases 

characterized by complement dysregulation occurring in the fluid phase and 

in the glomerular microenvironment, which results in prominent complement 

C3 deposition along the capillary walls and mesangium in kidney biopsy 

samples, the two major subgroups are DDD and C3 glomerulonephritis 

C3GN.[68]  

In IF, both subgroups share the same diagnosis criteria, with a bright 

stain for C3 twofold more than any other immuno-reactant[69]. EM findings 

help differentiate DDD from C3GN, where DDD possesses very dark 

intramembranous osmiophilic deposits that are sausage-shaped or look like 

Chinese calligraphy, whilst EM deposits in C3GN are light in color and often 

have the appearance of fluffy grey clouds within mesangial cells or as light, 

amorphous subendothelial humps[51].  

Morphologically, in EM, DDD regroups the historically known MPGN 

type II. In contrast, C3GN often regroups MPGN type III of Strife and Anders 

with glomerular basement membrane thickening and a variable combination 

of subendothelial, intramembranous, and subepithelial deposits associated 
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with fraying of the lamina densa. A few, however, have more discrete 

subendothelial deposits and favor MPGN type I[70].  

 

 

Figure 4:an approach to the disease classification in a biopsy showing the 

morphological changes of glomerulonephritis with dominant C3[70].  

Pathophysiology complement-mediated MPGN 

Complement-mediated MPGN is attributed to dysregulation in the 

alternate complement pathway[71]. 

Genetic and acquired factors of the AP complement system, such as 

mutations in factor H, factor I, and factor H-related protein 5 as well as 

antibodies like antibody to C3 (C3Nef), autoantibody FH, autoantibody FB, 

autoantibody FI to RCAs, result in dysregulation of the AP [44,72–75].  

Also, heterozygous mutations in C3 in the fluid phase render the 

mutant C3 resistant to cleavage by C3 convertase and inactivation by factor 
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H. Consequently, the generation through the “tick-over” mechanism of an 

abnormal C3 convertase that cleaves C3 produced by the normal C3 allele, 

resulting in increased levels of C3 breakdown products [5,76] 

Certain genetic polymorphisms in factors  H and B, membrane cofactor 

protein, and C3 are also associated with MPGN [77,78]. 

However, only a few patients have relatives with the same disease due 

to the complexity of the complement system [79,80]. C3GN is more common 

than DDD in patients diagnosed with familial C3G [79]. 

Polymorphisms in the gene encoding factor H, particularly the 

Tyr402His allele variants, are amongst the most extensively studied.  

Compared to the Tyr402 variant, the His402 variant is more frequently 

observed in patients with MPGN and alternative pathway abnormalities. 

Functional studies show that His402 disrupts Factor H’s ability to regulate 

cell surface C3 convertase [71,81,82]. 

Monoclonal immunoglobulin deposits in the glomeruli can alternatively 

activate the AP directly or block the RCAs, which results in monoclonal 

immunoglobulin-induced C3G [83] 

Regardless of the mechanism, dysregulated AP produces activated 

complement products, including C3b and terminal complement factors. 

These products are distributed on the surfaces of endothelial glomeruli, 

causing acute injury and triggering inflammation in the inflammation or 

proliferative phase. [84,85] 

A reparative phase ensues, during which a new mesangial matrix 

results in mesangial expansion as well as the formation of a new basement 
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membrane, entrapping capillary wall deposits, along with cellular elements 

derived from inflammatory, mesangial and endothelial cells within the new 

basement membrane material; this results in thickening of the capillary walls 

and the formation of double contours along the capillary walls. The new 

glomerular membrane looks like a duplicated basement membrane, hence 

the name tram tracks or doubled contours[5]. 

Figure 5 summarizes the pathological process of MPGN genesis.  
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Figure 5:Pathogenesis of Complement-mediated MPGN [5] 
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PATIENTS AND METHODS 
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PATIENTS 

1. Type of Study  

We collected retrospective clinical data on patients diagnosed with 

MPGN, based on renal biopsy findings after reviewing all the renal biopsy 

data at the Nephrology Department of Hassan Il University Hospital. 

2. Duration of study  

The study spanned a period of 13 years, from December 2011 to 

December 2024   

3. Population studied 

All patient files of MPGN were collated from the department’s archives 

and Hosix.com (the hospital electronic database) at the Hassan II University 

Hospital.  

A nephrology resident and a senior professor reviewed the pathology 

reports and laboratory results of all patients in detail to ensure accurate 

diagnosis and attribution of underlying causes. 

MPGN types I, II, and III were reclassified to IC-MPGN or C3-MPGN 

after examining IF findings.  

4. Selection Requirement  

a. Inclusion Criteria  

i. Patients with histological diagnostics of MPGN after kidney 

biopsy.   

ii. Patients with a complete file   

iii. Age > 18 years old 
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b. Exclusion Criteria  

i. Patients with an incomplete file  

ii. Age < 18 years old 

iii. Patients with an MPGN pattern but a known systemic lupus 

erythematosus diagnosis were excluded.   

METHOD 

a. Studied Variables  

Data collected through the medical database include;  

 Demographic data;  

o Age,  

o Sex,  

o Occupation 

o Origin  

 Health Insurance 

Clinical data from the medical records on Hosix.com and medical 

records archives of the Nephrology department.  

o Comorbidities (Diabetes, Dysthyroidism, Cardiopathy, Asthma, 

hypertension)  

o History of infectious diseases (Tuberculosis, Viral and Bacterial 

infections, parasite infections) 

o History of autoimmune diseases, malignant hemopathy  

o Family history of renal pathology 

o Alcoholism, smoking, use of recreational drugs 

 The biological data examined were; 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  40 
 

o Urinary total protein, glomerular filtration rate (GFR in 

ml/mn/1.73m²) according to the MDRD formula, full blood 

count (FBC), electrolyte test, renal function test, liver function 

test, serum complement factors C3-C4, autoimmune disease lab 

work.  

Histological diagnosis was based on an anatomopathological 

examination of the renal parenchyma obtained by renal biopsy. The 

histological elements studied are; 

o signs of activity (endocapillary proliferation, exudation, extra-

capillary cell proliferation, and interstitial inflammation)  

o signs of chronicity (glomeruli in “sealing bread”, fibro-cellular or 

fibrous extra capillary crescents, interstitial fibrosis, and tubular 

atrophy).  

The appearance in immunofluorescence (IF) allowed us to differentiate 

between immune complex or monoclonal mediated MPGN and MPGN with 

dysregulated complement system.  

C3 glomerulopathy was defined as the presence of dominant C3 

staining ( 2 orders in magnitude compared to immunoglobulins) on 

immunofluorescence microscopy, with minimal or no staining for 

immunoglobulins. 

We also did an etiological workup searching for a secondary cause of 

MPNG. 

o Antibody serology test for hepatitis, syphilis, and HIV, 
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o infectious workup (echocardiogram, chest x-ray, ENT 

examination, microscopic urinalysis) 

o Immunological workup for systemic lupus erythematosus, 

vasculitis  

o  Serum protein electrophoresis and serum immunofixation 

electrophoresis for malignant hemopathy 

We analyzed the different therapeutic modalities: symptomatic 

treatment, corticosteroid therapy, immunosuppressive drugs, and renal 

replacement therapy. 

Renal status (Urinary total protein, serum creatinine, hematuria) was 

recorded at the last clinical follow-up to define the renal outcome: complete 

remission, partial remission, or no remission (worsening).  

b. Definitions of Clinical Terms  

Nephrotic syndrome was defined as 3.0 g/24hrs, Albuminemia <30 

mg, Proteinemia < 60mg. Nephritic syndrome was defined as proteinuria < 

1g/dl associated with high blood pressure with or without peripheral edema.  

Patients were defined as positive for hematuria if microscopic 

examination showed five or more red blood cells per high-power field (HPF) 

and positive for macro-hematuria if blood was visible to the naked eye. 

The renal outcome of our patients was categorized according to 

etiological classification (primary or secondary MPGN) {Table VIII}, identified 

causes (secondary MPGN), and IF microscopy (new MPGN classification) {table 

X} 
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c. Definition of Renal Outcome based on the KDIGO 

recommendations [86] 

 Complete remission:  

Disappearance of all clinical signs of the disease, normalization or 

return to baseline of serum creatinine and proteinuria less than or equal to 

0.5g/24h. 

 Partial remission:  

Improvement in clinical signs of disease, improvement or stabilization 

of serum creatinine, and reduction of proteinuria by more than 50% below 

the nephrotic syndrome threshold without reaching a value of less than 

0.5g/24h. 

 Worsening: Absence of improvement, worsening of symptoms, 

or ESRD. 

d. Statistical Analysis  

Statistical analysis of the variables was carried out using SPSS 26.0 

software at the epidemiology laboratory of the Faculty of Medicine and 

Pharmacy in Fez.  

Qualitative variables were expressed as percentages, quantitative 

variables as mean and standard deviation (median, minimum, and 

maximum), and comparisons were made using the Fischer exact test 

(qualitative variables) or the non-parametric Mann-Whitney test (quantitative 

variables). A value of p<0.05 is considered significant. 
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Demographic Data  

We identified 50 patients with a histological finding of MPGN on kidney 

biopsy, of which 36 remained following the application of the exclusion 

criteria, 22 primary MPGN patients (61.1%) and 14 secondary MPGN patients 

(38.9%). 

17 were males (47.2%) whereas 19 were females (52.8%) with a male-

to-female sex ratio of 0.895. The mean age of the patients was 48.17  

15.36 years.  (Table 2) 

Table 2: Demographic Characteristics of patients 

Characteristics  Values (percentage) 

Age:  

mean age  

 

48,17  15,36 

Males  17 (47.2%) 

Females 19 (52.8%) 

Geographical origin 

 Rural 

 Urban  

 

14 (38.9%) 

22 (61.1%) 

Medical Insurance  32 (88.9%) 

 

Age groups  

The largest age group were patients older than 55 years (38.89%) and 

the second largest age group were patients between the ages of 45 years 

and 55 years (27.78%). (Figure 5) 
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Figure 6:Age groups in our series and their corresponding number of cases. 

 

Incidence 

The highest number of MPGN were recorded in 2023 and 2024 (figure 

7).  

 

Figure 7:Cases recorded from 2011 to 2024 in our series 
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CLINICAL DATA  

Medical follow up 

13 patients had a medical follow up of more than 6 months, with 6 

being between 6 to 12 months and 7 being more than 12 months (figure 8). 

 

Figure 8:Duration of clinical follow-up. 

 

Clinical Presentation At Diagnosis  

The reasons for hospital admissions were nephrotic syndrome in 15 

patients (41.7%), kidney failure in 15 patients (41.7%) associated with 

proteinuria in 2 patients, hypertensive crises in 3 patients, and RPGN in 1 

patient, peripheral edema in 2 patients, hemoptysis associated with RPKF in 

1 patient (2.8%), 3 patients with isolated proteinuria (8.3%). (Figure 9).   
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Figure 9:Patients’ admission motifs in our series 

 

Clinical Examination  

Medical history of diabetes in 3 patients (8.3%), history of 

hyperthyroidism in 2 patients (5.6%), history of cardiopathy in 2 patients 

(5.6%), a family history of nephropathy in 3 patients (8,3%). 

20 patients (55.6%) were hypertensive at admission, with a mean 

systolic pressure of 144.89  25.49 and a mean diastolic pressure of 82.86  

12.38. 

Hematuria was reported in 20 patients (55.6%) of which 4 were 

macroscopic and 16 were discovered after a routine dipstick urinalysis. 34 

patients (94.4%) had normal diuresis. 

During clinical examination, 23 patients (63.9%) had pitting edema, 3 

patients had ascites (8.3%), and 5 patients had dyspnea (13.9%).  
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Documented systemic extrarenal signs include polyarthralgia in 2 

patients, and hemoptysis in 1 patient. (Table 3) 

Table 3: Characteristics of patients in our study 

Characteristics Number of cases (%) 

History; 

- Family history of nephropathy  

- Surgical History  

- Medicine / Toxic   

o Cigarettes  

o Alcohol 

o Medicinal plants / Cannabis  

o Drug addiction 

 

3 (8.3%) 

6 (16.7%) 

 

3 (8.3%) 

2 (5.6%) 

7 (19.4%) 

1 (2.8%) 

Medical Co-Morbidities; 

- Diabetes  

- Hyperthyroidism  

- Cardiopathy 

- Tuberculosis 

- Asthma  

- Hypertension  

 

3 (8.3%) 

2 (5.6%) 

2 (5.6%) 

1 (2.8%) 

3 (8,3%) 

11 (30.6%) 

Clinical symptoms  

- pitting edema 

- Hematuria 

- Proteinuria  

- Oliguria  

- Anuria 

 

23 (63.9%) 

20 (55.6%) 

36 (100%) 

1 (2.8%) 

1 (2.8%) 

Documented extrarenal Signs  

- Polyarthralgia 

- Hemoptysis  

 

2 (5.6%) 

1 (2.8%) 
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Blood Work-Up  

The mean urinary total protein (UTP) at presentation was 4.060  

2.624 g/day (Tables 4). Microscopic urinalysis revealed hematuria in 18 

patients (58.1%) with positive culture in 3 patients (9.7%). The C3 

complement factor was low in 15 (50%) out of 30 patients, and the C4 

complement factor was low in 4 patients (20%).  

The mean eGFR (estimated Glomerular filtration rate) calculated 

according to the MDRD (modification of diet in renal disease) formula was 

38.55  32.21 ml/min/1.73 m2.  (figure 10). 

 

Table 4: urine and blood workup data 

Test Mean values  

Urine; 

 Urinary total protein (UTP)  

 

4.060  2.624 g/24hr  

Blood;  

 Urea 

 Creatinine  

 eGFR  

 Albumin 

 Protides  

 Natremia  

 Kalemia  

 Calcemia  

 Uric acid 

 CRP 

 

1.241 0.927 g/l 

36.43  39.81 mg/l 

38.55  32.21 (3-121) ml/min/1.73 m2 

29.28  8.52 g/l 

60.45  12.22 g/l 

135.9  5.94 mmol/l 

4.771 0.854 mmol/l 

85.09  7.76 mg/l 

90.11 31.54 mg/l 

22.59  24.40 mg/l 
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Figure 10:Estimated Glomerular Filtration Rate Of Patients At Diagnosis 

 

Syndromic Presentation  

Renal presentation of patients was nephrotic syndrome in 15 patients, 

nephritic syndrome in 6 patients, isolated proteinuria in 13 patients, and 

RPGN in 2 patients. (Figure 11) 
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Figure 11:Syndromic Presentation Of Patients In The Series. 

Etiological Work Up  

The etiological blood work covered urinary tract infections, syphilis, 

hepatitis, tuberculosis, malignant hemopathy, and vasculitis. (Table 5) 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  52 
 

Table 5:Results of etiological blood workup 

Secondary MPGN  Patients (%) 

Hepatitis  

 Hepatitis B 

 Hepatitis C  

4 (28.6%) 

2  

2  

Syphilis  1 (7.1%) 

Malignant Hemopathy 

 Hodgkin lymphoma 

 Waldenstom macroglobulinemia 

 MGRS  

 Multiple Myeloma  

4 (28.6%) 

1  

1  

1  

1 

Urinary Tract infections  3 (21.4%) 

Pleural Tuberculosis  1 (7.1%) 

Anca associated Vasculitis (anti-MPO) 1 (7.1%) 

   

RENAL BIOPSY  

The indications of renal biopsy were; 

 Impure nephrotic syndrome in 13 patients (36.1%)  

 Isolated proteinuria in 4 patients without AKI representing (11.1%). 

 Kidney injury in 19 patients associated with Proteinuria (52,8%).  

All patients had proteinuria. 29 patients (80.6%) had associated kidney 

injury.   

Renal Biopsy Results  

The mean number of glomeruli in biopsied renal tissue was 12.91 

5.12.  
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Light Microscope findings  

Light microscopy findings were grouped into glomerular lesions, 

vascular lesions, and tubulointerstital lesions (Table 6, 7 & 8) 

Table 6:Glomerular Lesions Under Light Microscopy 

Light Microscope  Patients (Percentage) 

Mesangial Proliferation  17 (47.2%) 

Mesangial hypercellularity  18 (50.0%) 

Double contour  19 (52.8%) 

Glomeruli in “Sealing Bread” 12 (33.3%) 

Endocapillary proliferation  10 (27.8%) 

Extracapillary proliferation  6 (16.7%) 

Focal Segmental Glomerular 

Hyalinosis (FSGH) 

11 (30.6%) 

 

Table 7:Vascular Lesions Under Light Microscopy 

Light Microscope  Patients (Percentage) 

Normal 23 (63.9%) 

Arterial hyalinosis  6 (16.7%) 

Fibrinoid endarteritis 4 (11.1%) 

Onion skin-like appearance   3 (8.3%) 

Table 8:Tubulointerstitial Lesions under Light Microscopy 

Fibrosis (%) Patients (Percentage) 

  5% 13 (36.1%) 

> 5- 30% 13 (36.1%) 

>30%  10 (27.8%) 
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IMMUNOFLUORESCENT MICROSCOPE FINDINGS  

Of the 36 patients, 32 patients (88.9%) had immunofluorescent 

microscopy (IF), the remaining 4 patients were classified as MPGN based on 

light microscopy evaluation alone.  

The two major diagnoses were 19 IC-MPGN patients and 13 C3-MPGN 

patients (Figure 12). 

The immune deposit distribution under IF microscopy was dominated 

by C3 deposits 96.9% (figure 13). 

 

Figure 12:MPGN Diagnosis Retained after IF Microscopy. 
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Figure 13:Immune deposits distribution under IF microscopy in our Patients 

 

DISTRIBUTION OF PATIENTS BASED IMMUNOFLUORESCENCE 

MICROSCOPY MPGN CLASSIFICATION 

19 (52) out of 36 patients were diagnosed with IC-MPGN, 13 patients 

(36.1) had C3-MPGN, with 4 patients having undefined MPGN. (Table 9).  
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Table 9:Clinical And Demographical Data Of IC-MPGN and C3-MPGN 

Variable IC-MPGN (N= 19) C3-MPGN (N=13) 

Gender  

 Male, n (%) 

 Female, n (%)  

 

10 (52.6) 

9 (47.4) 

 

6 (46.2) 

7 (53.8) 

Etiology based Diagnostic 

 Primary, n (%) 

 Secondary, n (%)  

 

9 (47.4) 

10 (52.6) 

 

10 (76.9) 

3 (23.1) 

Age (years), mean 52.2  14.4 45.2  16.4 

Hypertension, n (%) 

 SBP, median (IQR), mmHg 

 DBP, median (IQR), mmHg 

11 (57.9) 

147 (90 - 225) 

82 (60 - 115) 

8 (61.5) 

145 (120 - 190) 

81 (60-95) 

Lower extremity edema, n (%) 13 (68.4) 8 (61.5) 

Clinical presentation at onset  

 Nephrotic syndrome, n (%) 

 Acute Kidney Injury, n (%) 

 Isolated Proteinuria, n (%) 

 Generalized Edema, n (%) 

 Rapidly progressive GN, n (%) 

 Hypertensive Crisis, n (%)  

 

7 (36.8) 

7 (36.8) 

2 (10.5) 

1 (5.3) 

1 (5.3) 

1 (5.3) 

 

5 (38.5) 

5 (38.5) 

1 (7.7) 

1 (7.7) 

1 (7.7) 

0 

Hematuria, n (%) 11 (57.9) 6 (46.2) 

 Polyarthralgia, n (%) 

 Hemoptysis, n (%) 

1 (5.3) 

1 (5.3) 

1(7.7) 

0 

P anca (Anti MPO) 1 (5.3) 0  

Low serum C3 level, n (%)  5 (26.3) 7 (53.8) 

Low serum C4 level n (%) 2 (10.5) 2 (15.4) 

eGFR at presentation, median (IQR), 

mL/min/1.73 m2 

25 (4 - 109) 29.5 (5-121) 

eGFR < 15 mL/min/1.73 m2 , n (%) 6 (31.6) 2 (15.4) 

Serum albumin, median (IQR), g/l  32 (13.6 - 44) 33.5 (15-41) 

Urine total protein (g/24hr), mean 3.71 1.86  4.21 3.96 

Hypergammaglobulinemia (SPE), n (%) 3 (15.8) 0 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  57 
 

ETIOLOGICAL DISTRIBUTION OF MPGN 

14 (38.8 %) out of 36 patients were diagnosed with secondary MPGN, 

while the remaining 22 patients (61.1%) had no apparent cause after a 

thorough etiological workup (Table 10).  

Table 10:Clinical And Demographical Data Of Primary And Secondary MPGN 

Variable Primary (N= 22) Secondary (N=14) 

Gender  

 Male, n (%) 

 Female, n (%)  

 

11 (50) 

11 (50) 

 

6 (42.9) 

8 (57.1) 

Classification of MPGN 

 IC-MPGN, n (%) 

 C3-MPGN, n (%)  

 Undefined MPGN, n (%) 

 

9 (40.1) 

10 (45.5) 

3 (13.6) 

 

10 (71.4) 

3 (21.4) 

1 (7.1) 

Age (years) 46.86  16.96 50.2  12.75 

Hypertension, n (%) 

 SBP, median (IQR), mmHg 

 DBP, median (IQR), mmHg 

13 (59.1) 

142.5 (90-225) 

81.5 (60-115) 

6 (42.9) 

136 (119-166) 

82 (67-100) 

Lower extremity edema, n (%) 12 (54.5) 11 (78.6) 

Clinical presentation at onset 

 Nephrotic syndrome, n (%) 

 Acute Kidney Injury, n (%) 

 Isolated Proteinuria, n (%) 

 Generalized Edema, n (%) 

 Rapidly progressive GN, n (%) 

 Hypertensive Crisis, n 

 

9 (40.1) 

8 (36.4) 

1 (4.5) 

0  

1 (4.5) 

3 (13.6) 

 

6 (42.9) 

3 (21.4) 

2 (14.3) 

2 (14.3) 

1 (7.1) 

0  

Hematuria, n (%) 11 (50) 7 (50) 

 Polyarthralgia, n (%) 

 Hemoptysis, n (%) 

1 (4.5) 

0 

1 (7.1) 

1 (7.1) 

P anca (Anti MPO), n (%) 0  1 (7.1) 

Low serum C3 level, n (%)  10 (45.5) 5 (35.7) 

Low serum C4 level n (%) 1 (4.5) 3 (21.4) 

eGFR at presentation, median (IQR), 

mL/min/1.73 m2 

23 (3 - 121) 29.5 (4 - 109) 

eGFR < 15 mL/min/1.73 m2 , n (%) 6 (27.3) 2 (14.3) 

Serum albumin, median (IQR)  32.5 (13.6 - 45) 25.5 (16 - 44) 

Urine total protein (g/24hr), mean 3.57  1.62 4.69  3.49 

Hypergammaglobulinemia (SPE), n (%) 0 4 (28.6) 
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TREATMENT 
 Of 36 patients, 28 (77.8%) started treatment (Figure 14). One patient 

was started on corticosteroids + MMF and later switched to corticosteroids + 

cyclophosphamide due to non response. However, only 23 patients (63.9%) 

followed through with the treatment; one patient succumbed during 

management. (Figure 14). 

 

 

Figure 14:Management plan for patients in our series. 

 

 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  59 
 

TREATMENT OF SECONDARY MPGN PATIENTS 

Table 11:Treatment and renal outcome based on IF Microscopy classification 

of secondary MPGN patients. 

DIAGNOSTIC ETIOLOGY PU/24HR TREATMENT RENAL 

OUTCOME 

IC-MPGN Multiple Myeloma 4.1 Alexanian 

protocol 

Worsening  

IC-MPGN MGRS 3.78 VCD protocol Worsening 

IC-MPGN Waldenström 

macroglobulinemia 

5.4 VCD protocol Complete 

remission 

IC-MPGN Churg et Straus 1.6 

 

ACE inhibitors 

only 

Worsening 

IC-MPGN Hepatitis B 5 

 

ACE inhibitors 

only 

Partial 

Remission 

IC-MPGN Hepatitis B 8 

 

Corticosteroids + 

MMF 

Worsening 

IC-MPGN UTI 1.4 

 

Antibiotherapy +  

ACE inhibitors  

Complete 

remission 

IC-MPGN UTI 1 

 

Antibiotherapy +  

ACE inhibitors 

Complete 

remission 

IC-MPGN Hepatitis C 2 Not treated  Lost to follow 

up  

IC-MPGN Tuberculosis 5.6 Corticosteroids + 

MMF + 

Antituberculous 

drug 

Lost to follow 

up 

     

C3-MPGN UTI 14 

 

Corticosteroids + 

Antibiotherapy 

Lost to follow 

up 

C3-MPGN Syphilis 4.08 Not treated  Lost to follow 

up 

C3-MPGN Hepatitis C 0.36 ACE inhibitors 

only 

Complete 

remission 
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RENAL OUTCOME OF PATIENTS IN OUR SERIES 

Of the 36 patients, 23 (63.9%) were assessed after treatment. For 

Secondary MPGN, 10 out of 14 patients completed treatment (Table 12,13 

&14).  

 

Table 12:Global Renal Outcome Of Patients In Our Series With, Primary And 

Secondary MPGN Series.  

Variable  Primary  

(N= 13) 

Secondary 

(N=10) 

Total 

(N= 23) 

Complete remission, n (%) 8 (61.5) 4 (40) 12 (52.2) 

Partial Remission, n (%) 

 Mean proteinuria (g/24hr) 

1 (7.7) 

1.00 

2 (20) 

0.99  0.26 

3 (13.0) 

0.99  0.19 

Worsening, n (%) 

 Mean proteinuria (g/24hr) 

 Deteriorating renal function, n (%) 

4 (30.8) 

3.66  0.91 

2 (50) 

4 (40) 

4.60  3.71 

0 

8 (34.8) 

4.12  2.55 

4 (50) 

 

 

Table 13:Renal Outcome Based On Etiology In Our Series 

Etiology, n (%) Complete  

Remission, n (%) 

Partial  

Remission, n (%) 

Worsening, n (%) 

Bacterial Infection, 3 (60) 2 (66.7) 0 1 (33.3) 

Viral Infection, 3 (75) 1 (33.3) 1 (33.3) 1 (33.3) 

Malignant Hemopathy, 3 (75) 1 (33.3) 1 (33.3) 1 (33.3) 

Vasculitis, 1 (100) 0 0 1 (100) 
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Table 14:Renal Outcome Based On New MPGN Classification 

New Classification, n (%) Complete  

Remission, n (%) 

Partial  

Remission, n (%) 

Worsening, n (%) 

IC-MPGN, 12 (52.2) 4 (33.3) 3 (25) 5 (41.7) 

C3-MPGN, 9 (39.1) 6 (66.7) 0 3 (33.3) 

Unknown, 2 (8.7) 2 (100) 0 0 

 

PROGNOSTIC FACTORS  
 The only significant prognostic factor of non-response in our study 

was the use of only corticosteroids with a P-value of 0.032. (Table 15) 

table 15:Prognostic factors of non-response in our study 

FACTORS P VALUE  

Sex 0.657 

Age  

 16 - 25 

 25 - 35 

 35 - 45  

 45 – 55 

 > 55 

 

1.000 

0.589 

1.000 

1.000 

1.000 

Etiology (Primary MPGN /Secondary MPGN) 0.685 

Diagnosis (IC- MPGN/ C3-MPGN) 1.000 

High BP at admission 0.221 

Nephrotic syndrome 0.179 

Nephritic syndrome 1.000 

Proteinuria > 5g/day 1.000 

Severe Chronic disease (30 > GFR > 15) 0.621 

End Stage Renal Disease (GFR <15) 0.269 

Low C3 Complement  0.149 

Mesangial Proliferation 0.667 

Mesangial hypercellularity  0.685 

Double Contour appearance  0.376 

“Sealing in Bread” 1.000 

Endocapillary Proliferation  1.000 

Extracapillary Proliferation 1.000 
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Focal segmental hyalinosis  1.000 

Arterial hyalinosis 1.000 

Normal arterioles (arteries) 0.369 

Fibrosis Endarteritis  0.526 

Onion skin-like appearance  1.000 

IgG 0.400 

IgM 0.657 

IgA 1.000 

C3 0.526 

C1q 1.000 

Kappa 0.667 

Lambda 0.221 

Fibrinogen 0.621 

Corticosteroids only 0.032 

ACE- inhibitors  0.176 

Corticosteroids + MMF 0.657 

Corticosteroids + Cyclophosphamide  0.348 

Alexanian Protocol 0.348 

VCD protocol 0.526 

RENAL SURVIVAL  

The mean survival time of our patients was 55.67  5.92 months. 

(figure 15) and a 58% chance of renal survival at 71 months post diagnosis.  
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Figure 15:Global renal survival of patients (Kaplan Meier curve) 
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DISCUSSION 
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We report here a retrospective study carried out at the nephrology 

department of CHU Hassan II from December 2011 to 2024, covering 13 

years.  

All patients were collected from the department’s renal biopsy 

archives. We identified 50 patients with MPGN pattern under the light 

microscope. After applying the exclusion criteria, 36 patients were retained. 

The omitted patients were: nine patients due to incomplete patient data, 

three patients due to SLE revealed as MPGN, and two underage patients. 

The results revealed 22 cases of primary MPGN (61.1%) and 14 cases 

(38.9%) of secondary MPGN, based on the IF microscopy classifications, 19 

IC-MPGN (52.8%), 13 C3-MPGN (36.1%), and 4 non-classified cases (11.1%).  

This study aims to investigate the clinical, etiological, and histological 

characteristics and therapeutic differences between IC-MPGN and C3-MPGN, 

renal outcomes of patients, and prognostic factors.    

INCIDENCE  

The incidence of membranoproliferative glomerulonephritis (MPGN) 

has shown a dynamic evolution over the years. At the nephrology 

department of CHU Hassan II, the number of reported MPGN cases remained 

relatively stable between 2011 and 2018, with 1 to 3 cases annually. 

However, since 2019, there has been a marked increase, reaching 8 cases 

per year in 2023 and 2024. This trend may be attributed to the increased 

prescription of percutaneous renal biopsy, leading to a higher detection rate. 

MPGN remains a rare cause of glomerulonephritis, with a reported 

incidence varying across populations. Studies from the United Kingdom and 
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Japan have shown a decline in MPGN cases over the past two decades, partly 

due to improved screening for secondary causes and changes in disease 

classification [87,88] 

However, some recent reports suggest a resurgence of MPGN cases, 

particularly after the COVID-19 pandemic, potentially linked to viral 

infections or post-vaccination immune responses [89,90]. Although some 

studies have proposed a correlation, our findings do not provide substantial 

evidence to support this hypothesis, necessitating further research with 

larger cohorts. 

AGE DISTRIBUTION 

The mean age of our MPGN patients was 48.17 ± 15.36 years, with a 

majority (38.89%) being older than 55 years, followed by 27.78% in the 45–

55-year age group. This suggests that MPGN predominantly affects middle-

aged and older adults. Our findings are in agreement with those from a 

Japanese cohort, where the mean age ranged from 46.0 ± 13.3 years in 

adults to 73.4 ± 5.7 years in elderly patients [88]. Similarly, a Brazilian study 

reported a mean age of 53 ± 15.1 years [91], corroborating the observation 

that MPGN is frequently diagnosed in older individuals. 

The age distribution also differs between immune-complex MPGN (IC-

MPGN) and complement-mediated MPGN (C3-MPGN). In our series, the mean 

age at diagnosis was 52.2 ± 14.4 years for IC-MPGN and 45.2 ± 16.4 years 

for C3-MPGN. Which is in line with several reports showing that the age of 

onset of IC-MPGN in adults is relatively higher than that of patients affected 
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with C3-MPGN (Table 16). This trend suggests that IC-MPGN may be more 

frequently associated with chronic immune stimulation, whereas C3-MPGN, 

driven by dysregulation of the alternative complement pathway, may be 

present earlier. 

Table 16:Average ages of IC-MPGN and C3-MPGN at onset 

 

Cohort   Total No. of Patients 

(IC-MPGN/ C3-

MPGN)  

Age 

range 

(years) 

IC-MPGN  

Median (range), 

years 

C3-MPGN 

Median (range), 

years 

Fes (Our Series)  36 (19/13) 18-77 56 (25 - 77) 48 (18 - 61) 

United 

Kingdom [87] 

38 (28/10)  40-67 64 (43–68) 55.5 (29–59) 

Japan [92]  81(67/14) 20–64  62 (29 - 73) 19 (13 - 26) 

Finland [93] 60 (37/ 23) 5-79 52 (5-78) 54 (16-79) 

 

SEX DISTRIBUTION 

In the literature, the sex ratio of MPGN is slightly in favor of the female 

population. In our study, the M/F ratio was 1:1.12; similar findings were 

reported in other studies [87,91–94]. Due to the omission of MPGN 

secondary to lupus (SLE), which predominantly affects women ( with a male-

to-female ratio of 1:12) [95]. Some studies suggest that hormonal 

differences, immune system variations, or genetic predispositions may play a 

role in the slight female predominance observed in some populations [2,5]. 

CLINICAL PRESENTATION OF MPGN 

The clinical presentation of MPGN resembles that of other forms of 

glomerulonephritis. In patients with active disease, urinalysis typically 
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reveals hematuria with dysmorphic red blood cells (RBCs) and, in some 

cases, RBC casts. Proteinuria is present to a varying degree, and serum 

creatinine levels may be normal or elevated. In contrast, patients with a more 

insidious disease course may present at a later stage when active 

inflammation has resolved. In such cases, urinalysis may show a bland 

sediment with variable proteinuria and elevated serum creatinine. The 

definitive diagnosis is established through kidney biopsy [5]. 

The clinical manifestations in DDD and C3GN patients are similar [96]  

, with minor differences reported in a few studies [7,97,98].  

In our study, clinical presentation at onset was heterogeneous (Figure 

7) with proteinuria in all patients. Nephrotic syndrome (42%) was the major 

renal syndrome (Figure 11), this finding is consistent with that of Alchi B and 

Jayne D [4].  

It is also worth noting that the results of this study are consistent with 

those reported by Iatropoulos et al. [99] and Servais et al.[64]. Specifically, 

the current findings indicate that nephrotic syndrome is more common in 

patients with IC-MPGN than in those with C3-MPGN.  

Additionally, we observed a lower median eGFR in primary MPGN 

compared to secondary MPGN. Furthermore, primary MPGN patients had a 

higher prevalence of end stage renal disease (ERSD) (27.3%) than secondary 

MPGN patients (14.3%). These findings suggest that primary MPGN patients 

present with more severe kidney dysfunction at diagnosis. 

Another noteworthy observation is the higher proteinuria in secondary 

MPGN (4.69 ± 3.49 g/24hr) compared to primary MPGN (3.57 ± 1.62 
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g/24hr). This suggests that secondary disease may be associated with 

greater glomerular injury. 

Extrarenal Manifestations  

Extrarenal signs typically reflect the underlying causative disease 

rather than the specific type of MPGN [100]. In C3-MPGN, these may include 

acquired partial lipodystrophy (affecting the face and upper limbs), C3 ocular 

deposits (Drusen), and thrombotic microangiopathy [24,64,97,101]. 

In our study, extrarenal manifestations were limited: two patients 

presented with polyarthralgia, and one had hemoptysis (associated with 

Goodpasture syndrome). However, no cases of arthritis, cutaneous lesions, 

alopecia, ophthalmological, digestive, or otorhinolaryngological symptoms 

were documented at diagnosis. This could be attributed to the fact that most 

patients were referred during the peak of renal symptoms. Additionally, 

conditions like SLE, which typically present with extrarenal signs, were 

excluded from our study [102–104].  

Low C3 levels are frequently observed in both IC-MPGN and C3-MPGN, 

with no significant difference reported between the two [99,105,106]. 

However, in our cohort (Table VII), primary MPGN patients exhibited low C3 

levels in 45.5% of cases, with a higher prevalence in C3-MPGN (53.8%) 

compared to IC-MPGN (26.3%). 

Low C4 levels were more common in secondary MPGN (21.4%) than in 

primary MPGN (4.5%), suggesting that secondary MPGN may involve stronger 
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activation of the classical complement pathway, possibly due to autoimmune 

diseases or infections [107–109].  

ETIOLOGY AND DIAGNOSIS  

MPGN presents differently across age groups, with primary (idiopathic) 

forms being more common in children and typically related to complement 

abnormalities [2]. 

In adults, MPGN is more frequently secondary to various underlying 

conditions [3,12] including infectious diseases (viral like hepatitis B and C, 

bacterial, fungal, and particularly in developing regions, parasitic infections 

such as schistosomiasis and malaria), autoimmune disorders (SLE, Sjögren 

syndrome, rheumatoid arthritis), and monoclonal gammopathy [56-63] . 

 This distinction underscores the importance of conducting a 

comprehensive etiological workup when MPGN is identified on renal biopsy 

before concluding it is primary [12]. 

Current KDIGO (2021) guidelines recommend a systematic diagnostic 

approach for IC-MPGN [86]. First, infectious causes should be investigated, 

including hepatitis viruses, chronic bacterial infections (endocarditis, 

abscesses), and in appropriate settings, fungal or parasitic infections. 

Patients with recent infections should undergo streptococcal serology 

testing. Second, autoimmune diseases such as SLE must be considered. 

Additionally, malignancy-associated IC-MPGN may require age-appropriate 

cancer screening. For suspected monoclonal gammopathy-related MPGN, 

which becomes increasingly prevalent after age 50 [109,110], the evaluation 

should include serum and urine protein electrophoresis, immunofixation 
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studies to characterize monoclonal proteins, serum free light chain 

assessment, and bone marrow biopsy to identify clonal plasma cell or B-cell 

populations [12]. Notably, MPGN may sometimes represent the initial 

manifestation of an underlying lymphoproliferative disorder [12]. 

In cases where no secondary cause is identified, primary MPGN 

evaluation should focus on complement system abnormalities. This includes 

genetic testing for variants in complement-related genes (C3, CFB, CFHR5), 

assessment of acquired factors like C3 nephritic factor (C3NeF) and C5NeF, 

and testing for autoantibodies against complement regulatory proteins 

(Factor H, Factor B) [35,40]. Clinical history should be carefully reviewed as 

28-54% of C3-MPGN cases follow infections and are often initially 

misdiagnosed as post-infectious glomerulonephritis (PIGN) [111–113].  

In patients aged over 50 years, monoclonal gammopathy represents 

the predominant cause of MPGN [110,114]. The diagnostic evaluation in 

these cases should systematically include: 

 Serum protein electrophoresis and immunofixation (SIFE) to 

characterize monoclonal proteins (light chains λ/κ, heavy chains) and 

assess for AL amyloidosis 

 Bone marrow biopsy to evaluate for clonal plasma cell or B-cell 

proliferations[12]. 

For suspected primary MPGN, the diagnostic workup should focus on 

complement pathway abnormalities, Blood workup for primary MPGN 

includes comprehensive genetic testing for variants in complement-related 
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genes in C3, CFB, and CFHR5 [35,40], as well as testing for acquired factors 

like C3Nef and C5Nef and, less frequently, C4Nef, Factor H, and Factor B 

autoantibodies. [35,40].  

Evidence of preceding infection is reported in 28-54% of C3-MPGN 

patients[112,113,115] which is usually misdiagnosed as PIGN [111]. 

At the Nephrology Department of CHU Hassan II, our standard 

diagnostic workup for secondary MPGN includes screening for hepatitis B 

and C, syphilis, HIV, urinary tract infections, and various systemic diseases 

including SLE, vasculitis, scleroderma, Sjögren syndrome, and rheumatoid 

arthritis. We also evaluate for hematologic malignancies such as lymphoma 

and multiple myeloma, as well as monoclonal gammopathies (MGUS/MGRS) 

(Tables IV). Notably, our protocol does not currently include testing for 

genetic or acquired complement abnormalities. 

Patients with SLE were excluded from our study due to their 

established management protocols. Among our cohort, 28.6% of cases were 

secondary to hematologic malignancies, with affected patients having a 

mean age of 55.25 ± 15.26 years. This finding aligns with existing literature 

demonstrating that malignancy-associated MPGN predominantly occurs in 

older adults [116–118]. 

Viral infections were identified in 11.1% of cases, with hepatitis B and 

C being the most prevalent. These results are consistent with previous 

Moroccan studies from Marrakech and Casablanca, which reported hepatitis-

associated MPGN in 6.5% (2 of 31) and 30% (6 of 20) of secondary cases 

respectively [94,118]. Bacterial infections - including syphilis, urinary tract 
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infections, and tuberculosis - accounted for 13.9% of secondary MPGN cases 

in our study. 

BIOPSY AND HISTOLOGY 

Our detection of the double contour sign in 52.8% of patients is 

consistent with studies describing its presence in membranoproliferative 

glomerulonephritis (MPGN) and C3 glomerulopathy. However, its absence in 

some cases reinforces the well-documented variability of this feature, 

particularly in dense deposit disease (DDD), where glomerular basement 

membrane (GBM) alterations may not always exhibit this hallmark [40]. 

However, its absence in some cases reinforces the well-documented 

variability of this feature, particularly in dense deposit disease (DDD), where 

glomerular basement membrane (GBM) alterations may not always exhibit 

this hallmark [75].  

The presence of crescents in 16.7% of our patients correlates with their 

established role as a predictor of poor renal outcomes [119].  

This frequency is slightly lower than in studies focusing on aggressive 

forms of MPGN (e.g., 20-30% in Huang et al., 2020 [120], possibly reflecting 

differences in disease severity or biopsy timing. 

The majority of our patients (63.9%) lacked significant vascular lesions, 

contrasting with cohorts where hypertension or thrombotic microangiopathy 

predominated [129]. The observed onion-skin lesions (8.3%) and fibrinoid 

endarteritis (11.1%) suggest secondary vascular injury, resembling patterns 

seen in lupus nephritis or malignant hypertension[121]. 
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The high prevalence of C3 deposits (96.9%) underscores the central 

role of complement dysregulation, as reported in C3 glomerulopathy [114]. 

The detection of immunoglobulins and fibrinogen aligns with mixed-pattern 

injury, as described in secondary MPGN [122]. Without electron microscopy, 

the definitive diagnosis of dense deposit disease (DDD) cannot be 

established, as ultrastructural analysis remains essential for identifying the 

characteristic intramembranous dense deposits. 

 

Figure 16:Membranoproliferative glomerulonephritis under light microscope 

from the Anapathological department of CHU Hassan II.   
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Figure 17:  Membranoproliferative glomerulonephritis under Electron 

microscope [9] 

 

  

Figure 16: A: MPGN with massive subendothelial deposits in the right loop, with minimal endocapillary 

hypercellularity, and small, sliver-like deposits on the left and top loops, with associated 

hypercellularity. Scattered mesangial deposits are also present. There is subtotal effacement of the 

overlying foot process (transmission electron microscopy, ×8000). B: MPGN, Subendothelial deposits 

are present, without attendant hypercellularity. The mottled, vaguely wormy substructure of the 

deposits suggests the possibility of a secondary etiology, such as cryoglobulin deposits. (transmission 

electron microscopy, ×11,250). C: MPGN, Subendothelial deposits are present, without attendant 

hypercellularity. The mottled, vaguely wormy substructure of the deposits suggests the possibility of a 

secondary etiology, such as cryoglobulin deposits (transmission electron microscopy, ×11,250).  

D: MPGN with marked endocapillary hypercellularity, small subendothelial deposits, and a 

transmembranous deposit (lower right). The endocapillary hypercellularity is due to a mixture of 

A 
B 

C D 
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proliferation of endothelial cells, mesangial cells, and infiltrating mononuclear cells/macrophages 

(transmission electron microscopy, ×8000). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18:Membranoproliferative glomerulonephritis under 

immunofluorescent microscope [9] 
 

Figure 17: A: There is an irregular, chunky capillary loop and mesangial staining in MPGN, with coarse, 

subendothelial deposits with a molded, smooth outer contour (anti-IgG immunofluorescence, ×100). 

B: The smooth outline of the sausage-shaped, chunky peripheral loop deposits is evident along with 

the scattered mesangial deposits. The smooth outer contour of the peripheral loop deposits reflects 

their subendothelial location, with molding under the glomerular basement membrane (anti-C3 

immunofluorescence, ×200). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19:Dense Deposit Disease (DDD) under the electron microscope [9] 
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Figure 18: A: DDD, there is a dense transformation of the glomerular basement membrane, with 

associated endocapillary and mesangial hypercellularity and occasional large, globular mesangial 

densities (transmission electron microscopy, ×8000). B: DDD, There is a dense transformation of 

nearly the entire thickness of the glomerular basement membrane, with associated endocapillary 

hypercellularity. Overlying foot processes are extensively effaced. The transformed material contains 

complement components (transmission electron microscopy, ×20,250). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20:Dense Deposit Disease under light and immunofluorescent 

microscope [9] 
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Figure 19: A: DDD appearance under a light microscope, with diffuse, global mesangial, and often 

endocapillary hypercellularity and frequent glomerular basement membrane duplication (hematoxylin 

and eosin, ×400). B: DDD, with moderate mesangial and endocapillary hypercellularity and segmental 

glomerular basement membrane duplication with interposition. There are no large eosinophilic 

subendothelial deposits as typically seen in the idiopathic or immune complex–related 

membranoproliferative glomerulonephritis (Jones silver stain, ×200). C: DDD with an evident refractile, 

dense appearance of the glomerular basement membrane, along with mesangial and endocapillary 

hypercellularity. Note that the density is within the basement membrane itself and not in a 

subendothelial location (periodic acid–Schiff, ×1000). D: DDD with an apparent refractile, dense 

glomerular basement membrane of dense deposit disease is apparent. The basement membrane 

appears ribbon-like. There is associated mesangial and segmental endocapillary hypercellularity with 

occasional segmental interposition (Jones silver stain, ×1000). E: DDD with an apparent on plastic-

embedded sections, the ribbon-like dense transformation of the entire glomerular basement 

membrane is apparent. There is associated mesangial and endocapillary hypercellularity (toluidine blue 

stain, ×1000). F: DDD, there is typically only complemented positivity in dense deposit disease, with 

chunky mesangial and coarse, irregular capillary loop positivity. Immunoglobulin staining is typically 

absent, indicating that there are no true immune complex–type (ie, antibody-antigen) deposits (anti-

C3 immunofluorescence, ×400). 
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Figure 21:C3 Glomerulonephritis under Light Immunofluorescent And 

Electron Microscope[9] 
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Figure 20: A: C3 glomerulonephritis, is frequently associated with a membranoproliferative appearance 

as shown here, with endocapillary hypercellularity and occasional double contours of glomerular 

basement membranes. There is also proportional interstitial fibrosis and tubular atrophy (Jones silver 

stain, ×200). B: This case of C3 glomerulonephritis demonstrates mesangial proliferation and variable 

endocapillary hypercellularity with double contours of the glomerular basement membranes on Jones 

silver stain. Small adhesions are also present (Jones silver stain, ×400). C: C3GN, intense C3 by 

immunofluorescence, in a mesangial and chunky, irregular capillary loop pattern, with minimal or no 

immunoglobulin staining (anti-C3 immunofluorescence, ×200). D: C3GN with an irregular, chunky to 

granular capillary loop and mesangial staining evident with C3 with minimal or no staining by 

immunoglobulin (anti-C3 immunofluorescence, ×400). E: In C3 glomerulonephritis, mesangial and 

subendothelial deposits are apparent by electron microscopy. These differ from dense deposit disease 

(DDD) in that they are not replacing the lamina densa, nor do they have the unusual dense appearance 

of DDD (transmission electron microscopy, ×5000). F: C3GN. There may be occasional subepithelial or 

more frequently transmembranous deposits in cases that otherwise appear as MPGN. These lesions 

may meet morphologic criteria for the previously used diagnosis MPGN iii, which commonly has 

presence of C3 nephritic factor. Occasional transmembranous deposits may, however, be found in any 

type of MPGN lesion (transmission electron microscopy, ×17,125). 
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TREATMENT AND RENAL OUTCOME 

For several reasons, the optimal treatment for primary C3G and IC-

MPGN has not yet been established [86,123,124]. Some of the reasons 

reported in several studies include prior misclassification of secondary C3-

MPGN or IC-MPGN as idiopathic and MPGN. The classification criteria have 

changed over time and the small numbers of patients limits the possibility of 

conducting randomized clinical trials [123]. Common management principles 

for primary C3G and IC-MPGN, commonly referred to as supportive care, are 

similar to those recommended for other proteinuric glomerulopathies. These 

principles include adopting a low-salt diet, managing hypertension, reducing 

proteinuria through angiotensin inhibition, and addressing dyslipidemia 

[86,123,124]. Prescription of immunosuppressive drugs is based on results 

from retrospective studies [86,123,124].  

The management of secondary C3G and IC-MPGN primarily involves 

supportive care in conjunction with the treatment of the underlying etiology. 

This typically entails immunosuppression for autoimmune diseases, antiviral 

medications for viral infections, and antibiotics for bacterial infections 

[86,124]. 

Treatment of Primary MPGN 

Making therapeutic decisions for patients with idiopathic immune 

complex-mediated MPGN is difficult given the lack of large, randomized, 

controlled trials or any other evidence clearly demonstrating the efficacy of 

any treatment regimen. Several parameters at the time of presentation may 

influence clinical decision-making, including the severity of kidney 
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dysfunction, degree of proteinuria, presence or absence of hematuria, and 

the histologic findings on kidney biopsy. Some patients with mild disease 

present with few abnormalities in these parameters, and aggressive 

treatment with immunosuppressive therapy is generally not indicated in this 

setting. Other patients present with more abnormalities in various 

combinations, and treatment with immunosuppressive agents may be 

appropriate even in the absence of high-quality evidence to support this 

approach [125]. 

In primary MPGN, the KDIGO guidelines 2021[86] recommend a 

combination of corticosteroids with MMF in IC-MPGN patients presenting 

with abnormal kidney function with active urine sediments, with or without 

nephrotic range proteinuria for a period of six to twelve months. This was 

the case for two out of three of IC-MPGN patients in our study with stages 3 

and 5 CKD, associated proteinuria and active sediments. The other IC-MPGN 

patient with signs of activity was treated with a combination of 

corticosteroids with cyclophosphamide following the KDIGO 2021 guidelines 

for MPGN that suggest a combination of corticosteroids with 

cyclophosphamide or rituximab can be considered for patients with PBR 

showing active signs of glomerulonephritis [86].  

In the absence of monoclonal gammopathy, MMF plus glucocorticoids 

for at least six months should be considered for patients with proteinuria > 

1g/d and hematuria or who have had declining kidney function. In case of 

nonresponse, consider eculizumab[86].  
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Currently, in Primary C3-MPGN patients, no optimal treatment 

strategies have been established [86,123,124]. According to the KDIGO 

guidelines for MPGN (2021), the usual supportive measures and 

immunosuppressive therapy are indicated in moderate to severe disease 

cases, particularly with moderate-to-marked proliferation on biopsy and 

proteinuria greater than 2g/d[86]. Studies report that the use of only 

corticosteroids does not seem to reduce the progression of kidney failure 

compared to no treatment [7,64].  

The combination of corticosteroids and MMF, however, has shown 

great success in some studies [126,127] with reduced or stabilized serum 

creatinine levels and lowered proteinuria. Nonetheless, other studies have 

also reported worsened outcomes in patients treated with corticosteroids 

and MMF[128,129]. 2 out of 3 patients (66.7%) treated with corticosteroids 

and MMF in our series showed complete remission. A combination of 

corticotherapy and cyclophosphamide was also used in our study to treat 

C3-MPGN patients and yielded complete remission in both patients. A 

patient with normal kidney function and non-nephrotic proteinuria was 

treated with only supportive care and had complete remission as well. The 

combination of Corticosteroids with MMF is the first line of treatment 

considered in our unit for C3-MPGN patients in our setting.   

Treatment of SECONDARY MPGN  

Most patients with immune complex-mediated MPGN have an 

identifiable underlying cause, such as chronic infection, autoimmune 

disease, or monoclonal gammopathy. Such patients should receive therapy 
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directed against the underlying cause of the MPGN since resolution of the 

MPGN usually occurs after successful treatment of the primary disease. Per 

the KDIGO (2021) guidelines, all patients with identified secondary MPGN are 

best treated with supportive care in conjunction with the treatment of the 

underlying cause [86].  

Patients with hepatitis B and C treated with antiviral treatment with 

supportive care in a cohort study [130,131] showed improved renal function 

and complete remission. Immunosuppressive therapy is both unnecessary 

and potentially deleterious in patients with hepatitis, except in selected 

conditions such as severe HCV-associated mixed cryoglobulinemia or rapidly 

progressive glomerulonephritis[132]. 

Our patients who followed through with the treatment were treated 

with supportive care and appropriate antiviral drugs for hepatitis. One 

patient with cryoglobulinemia secondary to hepatitis B was put on a 

combination of Corticotherapy and MMF which yielded no remission. Urinary 

tract infection-induced MPGN patients showed complete remission after 

supportive care and antibiotheraphy (Table 11).  

Patients with MPGN associated with a malignant hematologic disorder 

such as multiple myeloma or a lymphoproliferative disorder (eg: 

Waldenström macroglobulinemia, chronic lymphocytic leukemia) should be 

referred to an appropriate specialist and treated for the underlying 

malignancy. The treatment of MPGN in patients with a nonmalignant or 

premalignant plasma cell or B cell clone (monoclonal gammopathy of renal 

significance [MGRS]), such as proliferative glomerulonephritis with 
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monoclonal immunoglobulin deposits (PGNMID), should target the 

underlying pathogenic clone, whenever possible. The treatment of plasma 

cell clones is based on combinations including bortezomib, a drug that can 

be used without dose adjustment in renal impairment (RI), including in 

dialysis. Monoclonal anti-CD38 antibodies, which are increasingly used, are 

associated with high rates of deep hematologic response from the first cycle, 

with low toxicity. For lymphocytic or lymphoplasmacytic clones, the 

therapeutic strategy relies on anti-CD20 monoclonal antibody-based 

regimens[133].  

RENAL OUTCOME 

The analysis of treatment responses in our cohort revealed distinct 

patterns based on therapeutic approaches and MPGN subtypes. Patients 

receiving corticosteroid monotherapy uniformly demonstrated poor 

outcomes, with no observable therapeutic benefit and consistent 

deterioration of renal function as measured by rising serum creatinine levels. 

These findings corroborate previous reports by Servais et al. [64] and 

Medjeral-Thomas et al. [7], that established the limited efficacy of 

corticosteroid-only regimens in altering disease progression  

In contrast, combination therapy with corticosteroids and 

mycophenolate mofetil (MMF) yielded more favorable but variable results. 

The overall cohort showed a 62.5% remission rate with this regimen, while 

37.5% experienced treatment failure. Notably, response rates differed 

substantially between MPGN subtypes. Patients with C3-MPGN achieved a 

50% remission rate, whereas those with IC-MPGN showed only a 25% 
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remission rate. This variability in treatment response echoes the conflicting 

outcomes reported in the literature, underscoring the current challenges in 

predicting therapeutic efficacy [114,126,127,129].   

Supportive care combined with ACE inhibitor therapy proved 

particularly effective, producing an 86% remission rate. The single case of 

treatment failure in this group occurred in a patient with Churg-Strauss 

syndrome. Patients with MPGN secondary to hematologic malignancies 

demonstrated complete remission following completion of VCD protocol 

treatment. 

Recent developments in management protocol for MPGN 

IC-MPGN has a more concrete management guideline. Recently, due to 

the lack of substantial evidence on treatment guidelines for C3-MPGN 

patients, a few studies suggest the use of complement inhibitors [35,124].  

A recent study published by Marina N. and Guiseppe R.[124] on the 

MPGN treatment standard emphasized the lack of progress in managing 

primary MPGN (IC-MPGN or C3-MPGN). It was discovered that;  

A course of steroids plus MMF in patients with antibody-mediated 

(C3Nef) or genetic causes of MPGN yields a rather disappointing outcome, 

with remission only 36% of the time as reported in a case study [134].  

Also, The anti-CD20 antibody, Rituximab, has little to no effect on 

primary C3-MPGN or IC-MPGN [135].  

Moreover, Eculizumab, an anti-C5 monoclonal antibody, in a small 

retrospective series [136,137] and clinical trial (EAGLE), proved to stabilize 
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renal function with partial remission in the long term in about half of the 

patients. In contrast, the other half did not gain any therapeutic benefit from 

the treatment[138]. Responsiveness to Eculizumab may be evaluated by the 

elevated levels of soluble terminal complement complex (sC5b-9) [139] , but 

this is not always the case since another EAGLE trial in 10 patients with high 

levels of sC5b-9 documented a consistent decrease in proteinuria in only 

three patients despite normalized sC5b-9 levels [138].  Nonetheless, in-

depth studies are required to recommend C5 inhibition as a treatment of 

primary C3-MPGN and IC-MPGN. There is no clear marker that predicts 

response to C5-inhibition [124]. C5 inhibition may be used in patients who 

present acute crescentic lesions [124].  

Patients with severe proteinuria experience accelerated drug loss in 

the urine and, hence, may need close monitoring and individualized therapy 

[124]. This was the case in a boy whose clinical outcome improved after 

intensification of MMF and eculizumab [140]. 

Treatment of C3-MPGN suggested by Heiderscheit AK et al (Figure 16) 

[35] 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  88 
 

 

 

Figure 22:Diagnostic and therapeutic approach to C3-MPGN [35] 

Renal Transplantation 

MPGN is known to recur after renal replacement therapy in both IC-

MPGN and C3-MPGN. The recurrence rate due to C3-MPGN is higher than 

IC-MPGN, and the overall recurrence rate varies between 19% and 48% [135]. 

In C3-MPGN, up to 50–55% and 43–67% for DDD and C3GN, respectively, 
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following transplantation in patients with C3-MPGN [105,141–143], of 

patients experiencing secondary graft loss, which reduces graft survival rates 

at 1, 5, and 10 years to 94%, 69%, and 28%, respectively[143].  

Reported Risk factors for recurrence in the literature include living-

related transplantation, female host, low complement levels, monoclonal 

gammopathy [144]. 

There is no optimal treatment for MPGNr; earlier reports suggesting 

the use of rituximab with or without plasmapheresis have a low level of 

evidence[145–147]. Some authors report a decline in MPGN recurrence after 

bone marrow transplant and plasmapheresis in patients presenting MPGNr 

secondary to monoclonal gammopathy [144]. 

None of our patients had a kidney transplant.  

Plasmapheresis  

Only a handful of clinical data supports the use of plasmapheresis in 

C3-MPGN [40]. Occasional case reports have yielded favorable outcomes in 

cases where the disease-causal mutated protein has been identified [148].  

Plasmapheresis has demonstrated efficacy in patients with C3-MPGN 

who present with acute kidney injury [40]. In contrast, it has been found to 

be ineffective in cases involving C3 nephritic factors (C3Nef), as the 

production of these autoantibodies persists post-procedure. A notable case 

involved a 15-year-old patient who experienced recurrent MPGN following 

the cessation of plasmapheresis [149]. None of our patients had plasma 

exchange therapy. 
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New developments in treatment  

The cluster approach to primary C3G and IC-MPGN might be helpful in 

therapeutically approaching the disease entity [124]. This approach uses 

mathematical unsupervised cluster analysis to group patients with 

commonalities close together so that the differences within the cluster are 

small[99]. The data included in the cluster are histologic, biochemical, 

genetic, and clinical parameters that were available at disease onset. In the 

study [99], they realized clusters better predicted renal survival than C3-

MPGN (DDD, C3GN) and IC-MPGN classification.  

Danicopan is a first-generation orally active inhibitor of Factor D 

(FD)[150]. It is an alternative pathway inhibitor. Two phase 2 studies 

(NCT03369236, NCT03459443) [151,152]  that analyzed the 

pharmacokinetics/ pharmacodynamics showed that danicopan reduced 

alternative pathway activity shortly after administration. Nonetheless, the 

Alternative pathway activity recovered within a few hours, yet neither C3 nor 

sC5b-9 reached their normal levels. In vitro and in vivo studies indicated 

that more than 90% of FD inhibition is needed to block the alternative 

pathway efficiently [153].  

A second-generation FD inhibitor, Venircopan, is in ongoing trials and 

showing promising outcomes with up to 98% suppression of the alternative 

pathway for over 24h post-dosing in C3-MPGN patients [154].  

Iptacopan (LNP023) is a small orally active molecule that binds to 

factor B and Bb and specifically inhibits the enzymatic activity by blocking 

the cleavage of C3 and the activation of the amplification loop without 
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affecting the classical and the lectin pathways [155].  In an open-label phase 

2 study (NCT03832114), the treatment was well tolerated with no emergent 

severe adverse events. It was associated with a 45% reduction in proteinuria 

in patients with native kidneys as well as a significant reduction of C3 

deposits in the kidney grafts of patients with recurrent C3-MPGN transplant 

post-transplant [156]. Also, in a long-term extension study (NCT03955445) 

from 26 patients, preliminary results at 12 months showed that 53% of 

patients with native kidneys showed a ≥50% reduction from baseline in urine 

protein/creatinine ratio (uPCR) and ≥50% increase in serum C3, whilst 

patients with C3 deposits post renal transplant showed a stable eGFR with a 

96% increment in C3 levels [156]. There are yet a few other ongoing trials 

like the multicenter, double-blind, placebo-controlled phase 3 study 

(APPEAR-C3, NCT04817618) on adolescents and adults (12-60 years) [157] 

and also a twin phase 3 trial in adults and adolescents with primary IC-

MPGN[158].  

Pegcetacoplan, an unselective C3 inhibitor, is a synthetic cyclic peptide 

conjugated to a polyethylene glycol polymer that binds to C3 and inhibits C3 

activation from all three pathways. It also binds to C3b and prevents the 

activity of C3 and C5 convertases of the alternate pathway. Its safety and 

efficacity were evaluated in two open-label studies (DISCOVERY, 

NCT03453619), and the results from the C3G patients after 48 weeks of 

treatment showed a six-fold increase in serum C3 and a 57.3% decrease in 

plasma sC5b-9 levels. There was also a 50.9% reduction in proteinuria and 

an increase in serum albumin[159]. 
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Recently, RNA modifying therapies, which could target the complement 

system, are undergoing studies and clinical trials. With its benefit of 

overcoming the challenge of frequent dosing and achieving massive 

inhibition of the target [124] . Among these RNA modifiers are ARO-C3, an 

investigational RNA interference (RNAi) treatment designed to silence liver-

produced C3, IONIS-FB-LRX, an antisense oligonucleotide targeting factor B 

mRNA in the liver [160]  

New complement targeting agents are moving to the clinic, expanding 

the therapeutic potential for C3G and IC-MPGN. Some of these include 

KP104, a monoclonal anti-C5 antibody linked to the FH regulatory domain, 

which simultaneously inhibits the common terminal pathway and the 

alternative pathway C3 convertase (NCT05517980), and the anti-Bb 

humanized monoclonal antibody NM8074 (NCT05647811) [124]. 

Factors of progression to End stage renal disease 

Many factors, including age, histology, clinical factors, advanced renal 

failure, genetic mutations, and treatments, can affect the progression of 

MPGN to ESRD. Older patients have a high risk of progression to ESRD [161]. 

Histological and clinical factors like the severity of interstitial fibrosis,  

crescentic formation, and mesangial proliferation are significant predictors 

of progression to ESRD [162]. Advanced renal failure at presentation and 

glomerulosclerosis are also associated with a higher risk of ESRD [161]. 

Genetic mutations in complement-regulating genes also influence 

disease progression, with some cases progressing to ESRD despite 

treatment[163,164]. Response to treatments such as immunosuppressants is 
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variable, with some patients achieving remission while others progress to 

ESRD[163,164]. 

In our study, neither age, histological or clinical factors, nor 

therapeutic factors significantly influenced the progression of MPGN to ESRD. 

The only factor associated with progression to ESRD was the use of 

corticosteroids alone in managing MPGN, with a P-value of 0.032 (Table 15). 

This correlation may be affected by the size of our cohort and, therefore, 

may not accurately represent what is found in the literature. 
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Recommendations and clinical implications of our study 

With the continuous growth in the understanding of the etiopathology 

and management plan in MPGN, we will yield a high rate of remission if we;  

 Sensitize the laboratories to use the IF-based classifications (IC-

MPGN/ C3-MPGN) instead of the old ultrastructural classification (type 

I, II, III MPGN) since it gives a clearer therapeutic approach.  

 Development of other reference centres for MPGN treatment, to 

decrease the number of patients lost to follow up due to distance.    

 Broaden our etiological compass to encompass other emerging causes 

of MPGN like covid-19, quantification of other complement 

components, autoantibodies and genetic testing. 
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Limitations  

 A retrospective observational study, as well as the small numbers. 

Given this study design, the results may not be generalizable to a 

broader population, and there is a risk of selection bias. 

 Additionally, MPGN re-classification and change in management of 

MPGN throughout the study may mean there are cases that are 

unaccounted for.  

 Also, there might have been under-appreciation of complement 

abnormalities or monoclonal gammopathies as the cause of MPGN 

earlier in the study timeframe.  

 Quite a number of our patients were lost to follow-up due to their 

location; that is, 38.9% of our patients in the series come from rural 

origins far from our unit. 

 Notwithstanding, the cost of investigative analysis was exorbitant and 

could have also contributed to the loss to follow-up.  
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CONCLUSION  

Membranoproliferative glomerulonephritis (MPGN) represents a 

complex and heterogeneous renal disorder with significant clinical, 

etiological, and pathophysiological diversity. The recent reclassification into 

immune-complex mediated and complement-mediated forms has enhanced 

our comprehension of its underlying mechanisms, particularly the pivotal 

role of complement dysregulation in C3 glomerulopathy. However, despite 

advancements in diagnostic techniques, including immunofluorescence and 

genetic testing—challenges remain in accurately distinguishing between 

subtypes and establishing targeted therapeutic approaches. 

This study, the first retrospective analysis of MPGN conducted in 

Morocco over a 13-year period, provides critical insights into its 

epidemiological, clinical, and pathological characteristics. Our findings 

reinforce the evolving understanding of MPGN, highlighting the importance 

of precise classification to inform therapeutic decision-making. Consistent 

with existing literature, our data indicate a predominance of MPGN among 

women and middle-aged adults, with a high burden of clinical and biological 

manifestations. The therapeutic regimen combining corticosteroids and 

mycophenolate mofetil (MMF) showed encouraging results in primary MPGN, 

despite the limited cohort size. Furthermore, the progression to end-stage 

renal disease (ESRD) within a mean duration of 55.67 ± 5.92 months 

underscores the aggressive nature of the disease, emphasizing the necessity 

of early diagnosis and intervention to mitigate renal function decline. 
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Given the rarity and complexity of MPGN, further collaborative 

research is imperative to refine diagnostic criteria, investigate novel 

therapeutic avenues, and optimize patient outcomes. The incorporation of 

molecular and genetic analyses into routine clinical practice holds 

transformative potential, paving the way for personalized and more effective 

management strategies. 

In summary, while considerable progress has been achieved in 

elucidating the mechanisms of MPGN, numerous aspects remain to be 

clarified. A multidisciplinary approach, integrating nephrologists, 

pathologists, and immunologists, will be essential to advance our 

understanding and improve the management of this challenging disease in 

the years to come. 

This work contributes to the growing body of knowledge on MPGN and 

lays the foundation for future research aimed at enhancing diagnostic 

precision and therapeutic efficacy in Morocco and beyond. 
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ABSTRACT 

Introduction: 

Membranoproliferative glomerulonephritis (MPGN) is a rare and 

chronic glomerular disease characterized by mesangial proliferation and 

capillary wall thickening, resulting from either immune complex deposition 

or complement dysregulation. The recent reclassification into immune 

complex-mediated MPGN (IC-MPGN) and complement-mediated MPGN (C3-

MPGN) has provided new insights into its pathophysiology and clinical 

management. 

objectives 

This study aimed to describe the clinical, biological, and histological 

characteristics of MPGN and analyze renal outcomes and prognostic factors 

in patients followed at the Nephrology Department of Hassan II University 

Hospital.  

Methods: 

We conducted a retrospective analysis of adult patients diagnosed with 

MPGN between December 2011 and December 2024. Data were collected 

from medical records and the hosix.net database. Patients were reclassified 

according to current guidelines, excluding those with systemic lupus 

erythematosus. Statistical analysis used to analyze data were: Fischer exact 

test (qualitative variables), the non-parametric Mann-Whitney test 

(quantitative variables), and Kaplan Meier curve (renal survival).  
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Results: 

 Our cohort included 36 patients consisted of 19 women (52.8%) and 

17 men (47.2%) with a mean age of 48.17 ± 15.36 years. Most patients 

(61.1%) were from urban areas. The main clinical presentations were 

nephrotic syndrome (41.7%) and acute kidney injury (41.7%), followed by 

isolated proteinuria (36%), nephritic syndrome (17%), and rapidly progressive 

glomerulonephritis (5%). Systemic manifestations were uncommon (5.6%).  

Primary MPGN accounted for 61.1% of cases, while secondary forms 

(38.9%) were predominantly associated with hepatitis infections (28.6%). 

After reclassification, we recorded 19 IC-MPGN patients (52.7%) and 13 C3-

MPGN patients (36.1%). 

Histopathological analysis revealed characteristic double contour 

lesions in 52.8% of cases, with onion-skin lesions in 8.3% and fibrinoid 

endarteritis in 11.1%. 

Treatment strategies varied according to disease subtype. Patients with 

primary MPGN received a combination of corticosteroids and mycophenolate 

mofetil (MMF), while secondary cases were managed with targeted therapies. 

Outcomes included complete remission in 52.2% of patients, partial 

remission in 13%, and disease progression in 34.8%. Statistical analysis 

identified corticosteroid therapy as the only significant prognostic factor for 

treatment response (p=0.032). The mean renal survival time was 55.67 ± 

5.92 months, with a 58% probability of renal survival at 71 months. 
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Discussion 

This study provides important insights into the characteristics and 

outcomes of MPGN in our population. The results underscore the need for 

accurate classification and personalized treatment approaches. While current 

therapies show efficacy in some patients, the progression to renal failure 

remains a significant concern. These findings highlight the importance of 

multidisciplinary collaboration and further research to improve diagnostic 

accuracy and therapeutic outcomes for patients with MPGN. 

conclusion 

The integration of advanced diagnostic tools, including genetic and 

molecular studies, along with the development of targeted therapies, will be 

crucial for advancing the management of this complex disease. Future 

studies with larger cohorts and longer follow-up periods are needed to 

validate these findings and optimize treatment strategies for MPGN patients. 
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RESUME 

Introduction : 

La glomérulonéphrite membranoproliférative (GNMP) est une maladie 

glomérulaire rare et chronique caractérisée par une prolifération mésangiale 

et un épaississement de la paroi capillaire, résultant soit d'un dépôt de 

complexes immuns, soit d'une dysrégulation du complément. La 

reclassification récente en GNMP à médiation par les complexes immuns 

(GNMP-CI) et GNMP à médiation par le complément (GNMP-C3) a permis de 

mieux comprendre sa physiopathologie et sa prise en charge clinique. 

Objectifs 

Cette étude visait à décrire les caractéristiques cliniques, biologiques 

et histologiques de la MPGN et à analyser les résultats rénaux et les facteurs 

pronostiques chez les patients suivis au service de néphrologie de l'hôpital 

universitaire Hassan II. 

Méthodes : 

Nous avons réalisé une analyse rétrospective des patients adultes 

diagnostiqués avec une GNMP entre décembre 2011 et décembre 2024. Les 

données ont été recueillies à partir des dossiers médicaux et de la base de 

données hosix.net. Les patients ont été reclassés selon les directives 

actuelles, en excluant ceux atteints de lupus érythémateux disséminé. Les 

analyses statistiques utilisées pour analyser les données étaient les suivantes 
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: Le test exact de Fischer (variables qualitatives), le test non paramétrique de 

Mann-Whitney (variables quantitatives), et la courbe de Kaplan Meier (survie 

rénale). 

Résultats : 

Notre cohorte comprenait 36 patients, dont 19 femmes (52,8 %) et 17 

hommes (47,2 %), avec un âge moyen de 48,17 ± 15,36 ans. La plupart des 

patients (61,1 %) venaient de zones urbaines. Les principales présentations 

cliniques étaient le syndrome néphrotique (41,7 %) et l’insuffisance rénale 

aiguë (41,7 %), suivis par la protéinurie isolée (36 %), le syndrome 

néphritique (17 %) et la glomérulonéphrite rapidement progressive (5 %). Les 

manifestations systémiques étaient rares (5,6 %).  

La MPGN primaire représentait 61,1 % des cas, tandis que les formes 

secondaires (38,9 %) étaient principalement associées aux infections 

hépatiques (28,6 %). Après reclassification, nous avons enregistré 19 

patients IC-MPGN (52,7%) et 13 patients C3-MPGN (36,1%). 

L'analyse histopathologique a révélé des lésions caractéristiques à 

double contour dans 52,8 % des cas, des lésions en bulbe d'oignon dans 8,3 

% des cas et une endartérite fibreuse dans 11,1 % des cas. 

Les stratégies de traitement variaient en fonction du sous-type de la 

maladie. Les patients atteints de GNMP primaire ont reçu une combinaison 

de corticostéroïdes et de mycophénolate mofétil (MMF), tandis que les cas 

secondaires ont été traités par des thérapies ciblées. Les résultats 
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comprenaient une rémission complète chez 52,2 % des patients, une 

rémission partielle chez 13 % d'entre eux et une progression de la maladie 

chez 34,8 %. L'analyse statistique a identifié la corticothérapie comme le seul 

facteur pronostique significatif pour la réponse au traitement (p=0,032). La 

durée moyenne de survie rénale était de 55,67 ± 5,92 mois, avec une 

probabilité de 58 % de survie rénale à 71 mois. 

Discussion : 

Cette étude fournit des informations importantes sur les 

caractéristiques et les résultats de la MPGN dans notre population. Les 

résultats soulignent la nécessité d'une classification précise et d'approches 

thérapeutiques personnalisées. Bien que les thérapies actuelles soient 

efficaces chez certains patients, la progression vers l'insuffisance rénale 

reste une préoccupation importante. Ces résultats soulignent l'importance 

d'une collaboration multidisciplinaire et d'une recherche plus poussée pour 

améliorer la précision du diagnostic et les résultats thérapeutiques pour les 

patients atteints de GNMP. 

Conclusion : 

L'intégration d'outils diagnostiques avancés, y compris des études 

génétiques et moléculaires, ainsi que le développement de thérapies ciblées, 

seront cruciaux pour faire progresser la gestion de cette maladie complexe. 

De futures études portant sur des cohortes plus importantes et des périodes 
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de suivi plus longues sont nécessaires pour valider ces résultats et optimiser 

les stratégies de traitement pour les patients atteints de GNMP. 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  107 
 

 

 ملخص

 مقدمة:

 زيمتي نمزمو ردان نمزم يبيبيبك ضرم وه (GNMP) يئاشغلا يرثاكتلا ىلكلا تابيبك باهتلا

 يعانم بكرم بسرت نع امإ جتنيو ،ةيومدلا تاريعشلا رادج ةكامسو ةطسوتملا ةيومدلا ةيعولأا رثاكتب

 تابيبكلا باهتلا ضرم ىلإ ةريخلأا فينصتلا ةداعإ تدأ دقو .تلامكملا ميظنت يف للخ نع وأ دقعم

 يبيبيبكلا تابيبكلا باهتلا ضرمو (IC-GNMP) دقعملا يعانملا بكرملا ةطاسوب يبيبكلا تابيبكلا

 .ةيريرسلا ةرادلإاو ةيضرملا ايجولويزيفلل لضفأ مهف ىلإ (C3-GNMP) تلامكملا ةطاسوب

 الأهداف:

 ونانلا ضرمل ةيجيسنلاو ةيجولويبلاو ةيريرسلا تامسلا فصو وه ةساردلا هذه نم فدهلا ناك

 مسق يف مهتعباتم تمت نيذلا ىضرملا ىدل ةرذنملا لماوعلاو ةيولكلا جئاتنلا ليلحتو ىلكلا ددعتم يولكلا

 .يناثلا نسحلا يعماجلا ىفشتسملا يف ىلكلا ضارمأ

 :الطرق

ً لايلحت انيرجأ  نيب GNMP ضرمب مهتباصإ صيخشت مت نيذلا نيغلابلا ىضرملل يعجر رثأب

 مت .hosix.net تانايب ةدعاقو ةيبطلا تلاجسلا نم تانايبلا عمج مت .2024 ربمسيدو 2011 ربمسيد

 ةيمامحلا ةبئذلاب نيباصملا ىضرملا ءانثتساب ،ةيلاحلا ةيهيجوتلا ئدابملل اقًفو ىضرملا فينصت ةداعإ

 قيقدلا رشيف رابتخا :يلاتلا وحنلا ىلع تانايبلا ليلحتل ةمدختسملا ةيئاصحلإا تلايلحتلا تناك .ةيزاهجلا

 رييم نلاباك ىنحنمو ،(ةيمكلا تاريغتملا) ةيرتمارابلا ريغ ينتيو-نام رابتخاو ،(ةيوئفلا تاريغتملا)

 .(يولكلا ةايحلا ديق ىلع ءاقبلا)

 النتائج:

ً لاجر 17و (%52.8) ةأرما 19 ،اضًيرم 36 انتعومجم تمض  رمع طسوتمب ،(47.2%)

 رهاظملا تناك .ةيرضحلا قطانملا نم (%61.1) ىضرملا مظعم ناك .ةنس 15.36 ± 48.17

 ةليبلا اهيلت ،(%41.7) داحلا يولكلا لشفلاو (%41.7) ةيولكلا ةمزلاتملا يه ةيسيئرلا ةيريرسلا
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 مدقتلا عيرس ىلكلا تابيبك باهتلاو (%17) ةيلكلا باهتلا ةمزلاتمو (%36) ةلوزعملا ةينيتوربلا

  .(%5.6) ةردان ةيزاهجلا رهاظملا تناك .(5%)

 امنيب ،تلااحلا نم %61.1 يلولأا يولكلا ريغ ىلكلا تابيبك باهتلاب ةباصلإا تلااح تلكّش

 ،فينصتلا ةداعإ دعب .(%28.6) دبكلا تاباهتلاب يسيئر لكشب (%38.9) ةيوناثلا لاكشلأا تطبترا

 C3-GNMP ـلاب ابًاصم اضًيرم 13و IC-GNMP (52.7%) ـلاب ابًاصم اضًيرم 19 انلجس

(36.1%). 

 ،تلااحلا نم %52.8 يف فافكلا ةجودزم ةزيمم تافآ نع يجيسنلا يضرملا ليلحتلا فشك

 .%11.1 يف يفيللا نييارشلا باهتلاو %8.3 يف ةيلصبلا ةلصبلا تافآو

 باهتلاب نوباصملا ىضرملا ىقلت .ضرملل يعرفلا عونلل اقًفو جلاعلا تايجيتارتسا تنيابت

 ليتيفوم تلاونيفوكيملاو ةيرشقلا تاديوريتسوكيتروكلا نم اجًيزم ةيلولأا ةيفيللا ةيفيللا نييارشلا

(MMF)، ىدل امًات اءًوده جئاتنلا تنمضت .ةهجوملا تاجلاعلاب ةيوناثلا تلااحلا تجلوع امنيب 

 راشأ .%34.8 ىدل ضرملا روطتو ،ىضرملا نم %13 ىدل ايًئزج اءًودهو ،ىضرملا نم 52.2%

 جلاعلل ةباجتسلااب ؤبنتلل مهملا ديحولا لماعلا وه تاديوريتسوكيتروكلاب جلاعلا نأ ىلإ يئاصحلإا ليلحتلا

(p=0.032). ءاقب لامتحا عم ،ارًهش 5.92 ± 55.67 ةايحلا ديق ىلع ىلكلا ءاقب ةدم طسوتم ناك 

 .ارًهش 71 دنع %58 ةبسنب ةايحلا ديق ىلع ىلكلا

 :المناقشة

 ةيشغلأا ددعتملا بلصتلا ضرم جئاتنو صئاصخ نع ةمهم تامولعم ةساردلا هذه رفوت

 .يصخش جلاع جهنو قيقد فينصت ىلإ ةجاحلا ىلع ءوضلا جئاتنلا طلست .انناكس ىدل ددعتملا ةيعاخنلا

 يولكلا لشفلا ىلإ ضرملا روطت نأ لاإ ،ىضرملا ضعب يف ةلاعف ةيلاحلا تاجلاعلا نأ نم مغرلا ىلع

 ءارجإو تاصصختلا ددعتم نواعتلا ةيمهأ ىلع ءوضلا جئاتنلا هذه طلستُ .ريبك قلق ردصم لازي لا

 ددغلا للاتعا نم نوناعي نيذلا ىضرملل ةيجلاعلا جئاتنلاو صيخشتلا ةقد نيسحتل ثاحبلأا نم ديزملا

 .ددعتملا يولكلا ءامصلا

 الخلاصة
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 ىلإ ةفاضلإاب ،ةيئيزجلاو ةيثارولا تاساردلا كلذ يف امب ،ةمدقتملا صيخشتلا تاودأ جمد نوكيس

 ءارجإ ىلإ ةجاح كانه .دقعملا ضرملا اذه ةرادإ ريوطت يف امًساح ارًمأ ،ةفدهتسم تاجلاع ريوطت

 نيسحتو جئاتنلا هذه ةحص نم ققحتلل لوطأ ةعباتم تارتفو ربكأ تاعومجم لمشت ةيلبقتسم تاسارد

 .GNMP نم نوناعي نيذلا ىضرملل جلاعلا تايجيتارتسا
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FICHE D’EXPLOITATION  

DEMOGRAPHIQUE  

Nom du patient : 

Identification du Patient (IP) : 

Age : 

Origine :  

Habitat : 

Statut Familial :  Célibataire Marié(e) Divorcé(e) Veuf(ve) 

  

Profession :  sans profession  ouvrière Fonctionnaire Profession 

Libérale  

Autre ; Précisez :  

Sexe : Homme Femme 

Couverture sociale : Aucune CNSS  CNOPS AMO  Ramed 

Mutuelle  

 

MOTIF DE HOSPITALISATION :  

Syndrome Œdémateux  Insuffisance rénale   

Hématurie  

Syndrome Néphrotique  

 

ANTECEDENT PERSONNEL  

Diabète     Oui Non 

Cardiopathie Oui Non 

Tuberculose  Oui Non  

Asthme  Oui Non 

HTA   Oui Non 

 

Prise médicamenteuse    Oui Non 

      Si oui, précisez : 
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Hémopathie Maligne  

 Lymphome Non Hodgkin  Oui Non 

 Lymphome Hodgkin   Oui Non 

 Myélome   Oui Non  

 Leucémie   Oui Non  

 

Maladie Auto-immune 

 Lupus       Oui Non 

 Purpura Rhumatoïde    Oui Non 

 Syndrome d’Antiphospolipides (SAPL)  Oui Non 

 Connectivite indéterminé   Oui Non 

 Syndrome de Sjögren    Oui Non 

 

Maladie Infectieuse pré-diagnostic 

 Virale : Hépatite C Hépatite B VIH  

 Bactérienne : Syphilis Endocardite Dérivation 

Ventriculo-atriale infectée,  

Abcès Viscéraux Lèpre, Méningite à méningocoques 

 Parasitaire : paludisme, schistosomiase,  mycoplasme, 

Leishmaniose 

 Autres, Précisez :  

Maladie Rénale 

 Insuffisance Rénale Chronique  Oui Non   

Si oui ; Précisez DFG selon MDRD :   

DFG > 60 

30< DFG < 60 

DFG< 30  

DFG<15  
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ANTECEDENT TOXIQUE  

Tabagisme   Oui Non 

   Si oui, précisez (Paquet) : ………. / (années)………. 

Alcoolisme   Oui Non 

Toxicomanie   Oui Non 

Prise de Plantes  Oui Non  

Autres ;  

 

ATCD CHIRURGICAUX  

Transplantation Rénale   Oui Non 

Autres, Précisez ; 

 

ATCD FAMILIAUX  

 Néphropathie   Oui Non  

 Hémopathie Maligne  Oui Non 

 Maladie Auto immune  Oui Non 

Autres, Précisez ; 

 

MANIFESTATIONS CLINIQUES  

Signes généraux  

 PA (mm Hg) : 

 Température :  

 Poids (Kg) : 

 Alteration de l’état général  Oui Non 

 Diurèse/ 24h :   Conservé Oligurie  

Anurie 

 Asthénie    Oui Non 

 Déshydratation  Oui Non  

 Ictère     Oui Non 

 État Hémodynamique  Conservé  Choc 

 Vomissements  Oui Non 

 Ascite     Oui Non 
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 Œdème   Oui Non 

 Dyspnée   Oui Non 

 

Signes Uro- Néphrologiques  

 Hématurie Macroscopique  Oui Non 

 Hématurie Microscopique  Oui Non 

 OMI    Oui Non 

 Oligurie    Oui Non 

 Anurie     Oui Non 

 Douleurs Lombaires   Oui Non 

 Syndrome Néphrotique Oui Non 

Autres, Précisez :  

 

Signes Cutanés        Oui Non 

Si Oui, précisez : 

Urticaire   Nodosités sous cutanées Livedo  Gangrène  

Vésicules  

 Ulcérations Bulles Purpura Vasculaires  

Autres signes, précisez : 

 

Signes Neurologiques   Oui Non 

Si oui, précisez : 

Accident vasculaire cérébral Méningite Thrombophlébite cérébrale 

Encéphalopathie  Mononévrite Multinévrite convulsion Déficit 

Focal   

Autres signes, précisez  

 

Signes Cardiaques  

Si oui précisez  

Insuffisance cardiaque HTA  Anévrysmes coronariens Péricardite  

 Infarctus du myocarde  
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 Autres signes, précisez  

 

Signes Rhumatologiques 

Si oui, précisez : 

Arthralgies  Polyarthrite Mono-arthrite  Myalgies  

Autres signes, précisez  

  

BILAN BIOLOGIQUE INITIALE  

Paramètres  valeur 

Urée sanguine (g/l)   

Créatininémie (mg/l)   

Protidémie (g/l)   

Albuminémie (g /l)   

Natrémie (mmol/l)   

Kaliémie (mmol/l)  

Calcémie (mg/l)  

Acide urique (mg/l)   

Diurèse (cc/j)   

Protéinurie 24h (mg/j)   

ECBU: 

Nombre de GB (/mm3) 

Nombre de GR (/mm3)  

Culture  

 

CRP (mg/l)   

GOT/ GPT (UI/L)  

Bilirubine directe / indirecte / totale 

(μmol/l) 

 

Taux de prothrombine / Temps de 

céphaline activée (TP/TCA)  

 

C3 bas (Oui/Non)  

C4 bas (Oui/Non)  

c ANCA (taux)  

p ANCA (taux)  
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Anti MBG (taux)  

ANN (taux)  

Anti DNA (taux)  

 

INDICATION DE PBR :   

Sd Néphrotique Pur  Sd Néphrotique Impur  Hématurie  Sd 

Néphritique  

Insuffisance Rénale  

Autre, Précisez :  

 

Date de réalisation de la PBR : 

Lieu/ centre de réalisation de la PBR : 

 

Résultat de la PBR :  

 Nombre de Glomérules :  

Modifications Focales  

Glomérule Atteinte tubulo-

interstitielle 

Atteintes 

Vasculaire 

Immunofluorescence 

(dépôts ) 

    

    

 

 

ETIOLOGIE  

 Monoclonal 

 Polyclonal  

 Autres  

o Complement mediated(C3 / C4) MPGN 

o Microangiopathie Thrombotique (MAT)  

DIAGNOSTIC RETENU : 

 

TRAITEMENT  

Traitement non specifique : 
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  Antiprotéinuriques (IEC / ARAII) 

  Corticoïde  

  Mycophenolate mofetil (MMF) 

  Inhibiteur de calcineurine (CNI) 

  Rituximab (Anti CD20) 

  Cyclophosphamide  

Traitement étiologique : 

 

EVOLUTION  

Suivi clinique 

 Fonction rénale  

 Protéinurie  

 Hématurie 

 Leucocyturie   

 

Suivi Globale   

Rémission   Décès   Perdue de vue     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://base-donnees-publique.medicaments.gouv.fr/affichageDoc.php?specid=66950569&typedoc=N
https://base-donnees-publique.medicaments.gouv.fr/affichageDoc.php?specid=66950569&typedoc=N


Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  118 
 

 

 

 

 

 

 
 
 

BIBLIOGRAPHY 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  119 
 

 

1.  Cook HT, Pickering MC. Histopathology of MPGN and C3 

glomerulopathies. Nat Rev Nephrol. 2015 Jan;11(1):14–22.  

2.  Viteri B, Reid-Adam J. Membranoproliferative Glomerulonephritis, Type 

1, Pediatric. In: Trachtman H, Herlitz LC, Lerma EV, Hogan JJ, editors. 

Glomerulonephritis [Internet]. Cham: Springer International Publishing; 

2019 [cited 2025 Feb 16]. p. 421–30. Available from: 

http://link.springer.com/10.1007/978-3-319-49379-4_23 

3.  Alexander MP, Sethi S. Membranoproliferative Glomerulonephritis, 

Adult. In: Trachtman H, Herlitz LC, Lerma EV, Hogan JJ, editors. 

Glomerulonephritis [Internet]. Cham: Springer International Publishing; 

2019 [cited 2024 Sep 30]. p. 403–19. Available from: 

http://link.springer.com/10.1007/978-3-319-49379-4_22 

4.  Alchi B, Jayne D. Membranoproliferative glomerulonephritis. Pediatr 

Nephrol [Internet]. 2010 Aug [cited 2024 Nov 13];25(8):1409–18. 

Available from: http://link.springer.com/10.1007/s00467-009-1322-

7 

5.  Sethi S, Fervenza FC. Membranoproliferative Glomerulonephritis — A 

New Look at an Old Entity. N Engl J Med [Internet]. 2012 Mar 22 [cited 

2024 Sep 25];366(12):1119–31. Available from: 

https://www.nejm.org/doi/full/10.1056/NEJMra1108178 

6.  Kawamura T, Usui J, Kaseda K, Takada K, Ebihara I, Ishizu T, et al. 

Primary membranoproliferative glomerulonephritis on the decline: 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  120 
 

decreased rate from the 1970s to the 2000s in Japan. Clin Exp Nephrol 

[Internet]. 2013 Apr;17(2):248–54. Available from: 

http://link.springer.com/10.1007/s10157-012-0690-7 

7.  Medjeral-Thomas NR, O’Shaughnessy MM, O’Regan JA, Traynor C, 

Flanagan M, Wong L, et al. C3 Glomerulopathy: Clinicopathologic 

Features and Predictors of Outcome. Clin J Am Soc Nephrol [Internet]. 

2014 Jan [cited 2024 Dec 28];9(1):46–53. Available from: 

https://journals.lww.com/01277230-201401000-00009 

8.  Cansick JC. Prognosis, treatment and outcome of childhood 

mesangiocapillary (membranoproliferative) glomerulonephritis. Nephrol 

Dial Transplant [Internet]. 2004 Sep 22 [cited 2024 Dec 

28];19(11):2769–77. Available from: 

https://academic.oup.com/ndt/article-

lookup/doi/10.1093/ndt/gfh484 

9.  Fogo AB, Kashgarian M. Diagnostic atlas of renal pathology. 3rd 

edition. Philadelphia, PA: Elsevier; 2017. 546 p.  

10.  Nagi AH. Histological, ultrastructural and immunofluorescence studies 

in membranoproliferative glomerulonephritis. J Pathol [Internet]. 1972 

Mar [cited 2024 Sep 24];106(3):151–4. Available from: 

https://pathsocjournals.onlinelibrary.wiley.com/doi/10.1002/path.171

1060303 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  121 
 

11.  Kim Y, Michael AF. Idiopathic Membranoproliferative 

Glomerulonephritis.  

12.  Fervenza F, Sethi S. Membranoproliferative glomerulonephritis: 

pathogenetic heterogeneity and proposal for a new classification. 

Semin Nephrol. 2011;Vol. 31(No. 4):341–8.  

13.  Salvadori M, Rosso G. Reclassification of membranoproliferative 

glomerulonephritis: Identification of a new GN: C3GN. World J Nephrol 

[Internet]. 2016 Jul 6 [cited 2024 Sep 27];5(4):308–20. Available from: 

https://www.wjgnet.com/2220-6124/full/v5/i4/308.htm 

14.  Johnson RJ, Gretch DR, Yamabe H, Hart J, Bacchi CE, Hartwell P, et al. 

Membranoproliferative Glomerulonephritis Associated with Hepatitis C 

Virus Infection. N Engl J Med [Internet]. 1993 Feb 18 [cited 2024 Sep 

27];328(7):465–70. Available from: 

http://www.nejm.org/doi/abs/10.1056/NEJM199302183280703 

15.  Pucillo LP, Agnello V. Membranoproliferative glomerulonephritis 

associated with hepatitis B and C viral infections: from viruslike 

particles in the cryoprecipitate to viral localization in paramesangial 

deposits, problematic investigations prone to artifacts: Curr Opin 

Nephrol Hypertens [Internet]. 1994 Jul [cited 2024 Sep 27];3(4):465–70. 

Available from: http://journals.lww.com/00041552-199407000-

00014 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  122 
 

16.  Roccatello D, Fornasieri A, Giachino O, Rossi D, Beltrame A, Banfi G, et 

al. Multicenter Study on Hepatitis C Virus–Related Cryoglobulinemic 

Glomerulonephritis. Am J Kidney Dis [Internet]. 2007 Jan [cited 2024 

Nov 12];49(1):69–82. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0272638606015071 

17.  Rennke PDHG. Secondary membranoproliferative glomerulonephritis. 

Kidney Int [Internet]. 1995 Feb [cited 2024 Nov 12];47(2):643–56. 

Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0085253815588467 

18.  Masani N, Jhaveri KD, Fishbane S. Update on Membranoproliferative GN. 

Clin J Am Soc Nephrol [Internet]. 2014 Mar [cited 2024 Nov 

12];9(3):600–8. Available from: https://journals.lww.com/01277230-

201403000-00026 

19.  Levy M, Gubler MC, Sich M, Beziau A, Habib R. Immunopathology of 

membranoproliferative glomerulonephritis with subendothelial deposits 

(Type I MPGN). Clin Immunol Immunopathol [Internet]. 1978 Aug [cited 

2025 Jan 31];10(4):477–92. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/0090122978901605 

20.  Berger J, Galle P. [DENSE DEPOSITS WITHIN THE BASAL MEMBRANES OF 

THE KIDNEY. OPTICAL AND ELECTRON MICROSCOPIC STUDY]. Presse 

Med. 1963 Nov 20;71:2351–4.  



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  123 
 

21.  Burkholder PM, Marchand A, Krueger RP. Mixed membranous and 

proliferative glomerulonephritis. A correlative light, 

immunofluorescence, and electron microscopic study. Lab Investig J 

Tech Methods Pathol. 1970 Nov;23(5):459–79.  

22.  Anders D, Agricola B, Sippel M, Thoenes W. Basement membrane 

changes in membranoproliferative glomerulonephritis: II. 

Characterization of a third type by silver impregnation of ultra thin 

sections. Virchows Arch A Pathol Anat Histol [Internet]. 1977 [cited 

2024 Oct 1];376(1):1–19. Available from: 

http://link.springer.com/10.1007/BF00433081 

23.  Gale D, Owen-Casey M. Membranoproliferative Glomerulonephritis and 

C3 Glomerulopathy. In: Harber M, editor. Primer on Nephrology 

[Internet]. Cham: Springer International Publishing; 2022 [cited 2024 

Oct 4]. p. 433–50. Available from: https://doi.org/10.1007/978-3-

030-76419-7_23 

24.  Johnson RJ, Flöge J, Tonelli M. Comprehensive clinical nephrology. 7. 

Auflage. Philadelphia, Pa: Elsevier, Saunders; 2024. 1309 p.  

25.  Ghebrehiwet B. The complement system: an evolution in progress. 

F1000Research [Internet]. 2016 Dec 12 [cited 2024 Oct 31];5:2840. 

Available from: https://f1000research.com/articles/5-2840/v1 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  124 
 

26.  Sarma JV, Ward PA. The complement system. Cell Tissue Res [Internet]. 

2011 Jan [cited 2024 Oct 31];343(1):227–35. Available from: 

http://link.springer.com/10.1007/s00441-010-1034-0 

27.  Pangburn MK. [48] Alternative pathway of complement. In: Methods in 

Enzymology [Internet]. Elsevier; 1988. p. 639–53. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/0076687988621069 

28.  Law SKA, Dodds AW. The internal thioester and the covalent binding 

properties of the complement proteins C3 and C4. Protein Sci [Internet]. 

1997 Feb [cited 2024 Nov 28];6(2):263–74. Available from: 

https://onlinelibrary.wiley.com/doi/10.1002/pro.5560060201 

29.  Qu H, Ricklin D, Lambris JD. Recent developments in low molecular 

weight complement inhibitors. Mol Immunol [Internet]. 2009 Dec [cited 

2024 Nov 2];47(2–3):185–95. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0161589009006968 

30.  Kemper C, Atkinson JP, Hourcade DE. Properdin: Emerging Roles of a 

Pattern-Recognition Molecule. Annu Rev Immunol [Internet]. 2010 Mar 

1 [cited 2024 Nov 28];28(1):131–55. Available from: 

https://www.annualreviews.org/doi/10.1146/annurev-immunol-

030409-101250 

31.  Harboe M, Garred P, Borgen MS, Stahl GL, Roos A, Mollnes TE. Design of 

a complement mannose-binding lectin pathway-specific activation 

system applicable at low serum dilutions. Clin Exp Immunol [Internet]. 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  125 
 

2006 Apr 21 [cited 2024 Nov 28];144(3):512–20. Available from: 

https://academic.oup.com/cei/article/144/3/512/6459006 

32.  Spitzer D, Mitchell LM, Atkinson JP, Hourcade DE. Properdin Can Initiate 

Complement Activation by Binding Specific Target Surfaces and 

Providing a Platform for De Novo Convertase Assembly. J Immunol 

[Internet]. 2007 Aug 15 [cited 2024 Nov 28];179(4):2600–8. Available 

from: 

https://journals.aai.org/jimmunol/article/179/4/2600/37772/Properd

in-Can-Initiate-Complement-Activation-by 

33.  Kimura Y, Miwa T, Zhou L, Song WC. Activator-specific requirement of 

properdin in the initiation and amplification of the alternative pathway 

complement. Blood [Internet]. 2008 Jan 15 [cited 2024 Nov 

28];111(2):732–40. Available from: 

https://ashpublications.org/blood/article/111/2/732/103785/Activat

orspecific-requirement-of-properdin-in-the 

34.  Lachmann PJ. The Amplification Loop of the Complement Pathways. In: 

Advances in Immunology [Internet]. Elsevier; 2009 [cited 2024 Nov 28]. 

p. 115–49. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0065277608040042 

35.  Heiderscheit AK, Hauer JJ, Smith RJH. C3 glomerulopathy: 

Understanding an ultra-rare complement- mediated renal disease. Am J 

Med Genet C Semin Med Genet [Internet]. 2022 Sep [cited 2024 Nov 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  126 
 

11];190(3):344–57. Available from: 

https://onlinelibrary.wiley.com/doi/10.1002/ajmg.c.31986 

36.  Zipfel PF, Skerka C. Complement regulators and inhibitory proteins. Nat 

Rev Immunol [Internet]. 2009 Oct [cited 2024 Nov 28];9(10):729–40. 

Available from: https://www.nature.com/articles/nri2620 

37.  Noris M, Remuzzi G. Glomerular Diseases Dependent on Complement 

Activation, Including Atypical Hemolytic Uremic Syndrome, 

Membranoproliferative Glomerulonephritis, and C3 Glomerulopathy: 

Core Curriculum 2015. Am J Kidney Dis [Internet]. 2015 Aug;66(2):359–

75. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0272638615007325 

38.  Turkmen K, Baloglu I, Ozer H. C3 glomerulopathy and atypical 

hemolytic uremic syndrome: an updated review of the literature on 

alternative complement pathway disorders. Int Urol Nephrol [Internet]. 

2021 Oct;53(10):2067–80. Available from: 

https://link.springer.com/10.1007/s11255-020-02729-y 

39.  Ricklin D, Reis ES, Mastellos DC, Gros P, Lambris JD. Complement 

component C3 – The “Swiss Army Knife” of innate immunity and host 

defense. Immunol Rev [Internet]. 2016 Nov [cited 2024 Nov 

11];274(1):33–58. Available from: 

https://onlinelibrary.wiley.com/doi/10.1111/imr.12500 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  127 
 

40.  Smith RJH, Appel GB, Blom AM, Cook HT, D’Agati VD, Fakhouri F, et al. 

C3 glomerulopathy — understanding a rare complement-driven renal 

disease. Nat Rev Nephrol [Internet]. 2019 Mar [cited 2024 Nov 

11];15(3):129–43. Available from: 

https://www.nature.com/articles/s41581-018-0107-2 

41.  Liszewski MK, Java A, Schramm EC, Atkinson JP. Complement 

Dysregulation and Disease: Insights from Contemporary Genetics. Annu 

Rev Pathol Mech Dis [Internet]. 2017 Jan 24 [cited 2024 Dec 

27];12(1):25–52. Available from: 

https://www.annualreviews.org/doi/10.1146/annurev-pathol-

012615-044145 

42.  Varela JC, Tomlinson S. Complement. Hematol Oncol Clin North Am 

[Internet]. 2015 Jun [cited 2024 Nov 14];29(3):409–27. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0889858815000210 

43.  Wong EKS, Kavanagh D. Diseases of complement dysregulation—an 

overview. Semin Immunopathol [Internet]. 2018 Jan [cited 2024 Dec 

28];40(1):49–64. Available from: 

http://link.springer.com/10.1007/s00281-017-0663-8 

44.  Józsi M, Zipfel PF. Factor H family proteins and human diseases. Trends 

Immunol [Internet]. 2008 Aug [cited 2024 Dec 2];29(8):380–7. Available 

from: 

https://linkinghub.elsevier.com/retrieve/pii/S1471490608001592 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  128 
 

45.  Lachmann PJ, Müller-Eberhard HJ. The demonstration in human serum 

of ‘conglutinogen-activating factor’ and its effect on the third 

component of complement. J Immunol Baltim Md 1950. 1968 

Apr;100(4):691–8.  

46.  Reuter M, Caswell CC, Lukomski S, Zipfel PF. Binding of the Human 

Complement Regulators CFHR1 and Factor H by Streptococcal 

Collagen-like Protein 1 (Scl1) via Their Conserved C Termini Allows 

Control of the Complement Cascade at Multiple Levels. J Biol Chem 

[Internet]. 2010 Dec [cited 2024 Nov 29];285(49):38473–85. Available 

from: 

https://linkinghub.elsevier.com/retrieve/pii/S0021925820607116 

47.  Goicoechea De Jorge E, Caesar JJE, Malik TH, Patel M, Colledge M, 

Johnson S, et al. Dimerization of complement factor H-related proteins 

modulates complement activation in vivo. Proc Natl Acad Sci [Internet]. 

2013 Mar 19 [cited 2024 Nov 29];110(12):4685–90. Available from: 

https://pnas.org/doi/full/10.1073/pnas.1219260110 

48.  Józsi M, Reuter S, Nozal P, López-Trascasa M, Sánchez-Corral P, 

Prohászka Z, et al. Autoantibodies to complement components in C3 

glomerulopathy and atypical hemolytic uremic syndrome. Immunol Lett 

[Internet]. 2014 Aug [cited 2025 Jan 1];160(2):163–71. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0165247814000182 

49.  Spitzer RE, Vallota EH, Forristal J, Sudora E, Stitzel A, Davis NC, et al. 

Serum C′3 Lytic System in Patients with Glomerulonephritis. Science 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  129 
 

[Internet]. 1969 Apr 25 [cited 2024 Nov 28];164(3878):436–7. Available 

from: https://www.science.org/doi/10.1126/science.164.3878.436 

50.  Mold C. C3 nephritic factor protects bound C3bBb from cleavage by 

factor I and human erythrocytes. Mol Immunol [Internet]. 1985 May 

[cited 2024 Nov 28];22(5):507–12. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/0161589085901737 

51.  Hauer JJ, Nester CM, Smith RJH. C3 Glomerulopathy. In: Trachtman H, 

Herlitz LC, Lerma EV, Hogan JJ, editors. Glomerulonephritis [Internet]. 

Cham: Springer International Publishing; 2019 [cited 2024 Nov 29]. p. 

633–46. Available from: http://link.springer.com/10.1007/978-3-

319-49379-4_41 

52.  Nasr SH, Fogo AB. New developments in the diagnosis of fibrillary 

glomerulonephritis. Kidney Int [Internet]. 2019 Sep;96(3):581–92. 

Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0085253819304077 

53.  Nasr SH, Valeri AM, Cornell LD, Fidler ME, Sethi S, Leung N, et al. 

Fibrillary Glomerulonephritis: A Report of 66 Cases from a Single 

Institution. Clin J Am Soc Nephrol [Internet]. 2011 Apr;6(4):775–84. 

Available from: https://journals.lww.com/01277230-201104000-

00014 

54.  Sethi S, Zand L, Leung N, Smith RJH, Jevremonic D, Herrmann SS, et al. 

Membranoproliferative Glomerulonephritis Secondary to Monoclonal 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  130 
 

Gammopathy. Clin J Am Soc Nephrol [Internet]. 2010 May [cited 2024 

Nov 12];5(5):770–82. Available from: 

https://journals.lww.com/01277230-201005000-00009 

55.  Martinelli R, Noblat ACB, Brito E, Rocha H. Schistosoma mansoni-

induced mesangiocapillary glomerulonephritis: Influence of therapy. 

Kidney Int [Internet]. 1989 May [cited 2024 Nov 12];35(5):1227–33. 

Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0085253815345518 

56.  Rodrigues VL, Otoni A, Voieta I, Antunes CM de F, Lambertucci JR. 

Glomerulonephritis in schistosomiasis mansoni: a time to reappraise. 

Rev Soc Bras Med Trop. 2010;43(6):638–42.  

57.  Ohara S, Kawasaki Y, Takano K, Isome M, Nozawa R, Suzuki H, et al. 

Glomerulonephritis associated with chronic infection from long-term 

central venous catheterization. Pediatr Nephrol Berl Ger. 2006 

Mar;21(3):427–9.  

58.  Rincon B, Bernis C, Arcia A, Traver JA. Mesangiocapillary 

glomerulonephritis associated with hydatid disease. Nephrol Dial 

Transplant [Internet]. 1993 [cited 2024 Nov 12];8(8):783–4. Available 

from: 

https://academic.oup.com/ndt/article/1874949/Mesangiocapillary 

59.  Ting HC, Wang F. Mesangiocapillary (membranoproliferative) 

glomerulonephritis and rheumatoid arthritis. BMJ [Internet]. 1977 Jan 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  131 
 

29 [cited 2024 Nov 13];1(6056):270–1. Available from: 

https://www.bmj.com/lookup/doi/10.1136/bmj.1.6056.270-a 

60.  Weening JJ, D’agati VD, Schwartz MM, Seshan SV, Alpers CE, Appel GB, 

et al. The classification of glomerulonephritis in systemic lupus 

erythematosus revisited. Kidney Int [Internet]. 2004 Feb [cited 2024 

Nov 13];65(2):521–30. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0085253815497340 

61.  Cortez MS, Sturgill BC, Bolton WK. Membranoproliferative 

glomerulonephritis with primary Sjögren’s syndrome. Am J Kidney Dis 

Off J Natl Kidney Found. 1995 Apr;25(4):632–6.  

62.  Goules A, Masouridi S, Tzioufas AG, Ioannidis JPA, Skopouli FN, 

Moutsopoulos HM. Clinically Significant and Biopsy-Documented Renal 

Involvement in Primary Sjogren Syndrome: Medicine (Baltimore) 

[Internet]. 2000 Jul [cited 2024 Nov 13];79(4):241–9. Available from: 

http://journals.lww.com/00005792-200007000-00005 

63.  Leung N, Bridoux F, Hutchison CA, Nasr SH, Cockwell P, Fermand JP, et 

al. Monoclonal gammopathy of renal significance: when MGUS is no 

longer undetermined or insignificant. Blood [Internet]. 2012 Nov 22 

[cited 2024 Nov 27];120(22):4292–5. Available from: 

https://ashpublications.org/blood/article/120/22/4292/73069/Monoc

lonal-gammopathy-of-renal-significance-when 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  132 
 

64.  Servais A, Noël LH, Roumenina LT, Le Quintrec M, Ngo S, Dragon-Durey 

MA, et al. Acquired and genetic complement abnormalities play a 

critical role in dense deposit disease and other C3 glomerulopathies. 

Kidney Int [Internet]. 2012 Aug [cited 2024 Nov 29];82(4):454–64. 

Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0085253815555828 

65.  Blanc C, Togarsimalemath SK, Chauvet S, Le Quintrec M, Moulin B, 

Buchler M, et al. Anti–Factor H Autoantibodies in C3 Glomerulopathies 

and in Atypical Hemolytic Uremic Syndrome: One Target, Two Diseases. 

J Immunol [Internet]. 2015 Jun 1 [cited 2024 Nov 29];194(11):5129–38. 

Available from: 

https://journals.aai.org/jimmunol/article/194/11/5129/98976/Anti-

Factor-H-Autoantibodies-in-C3 

66.  Marinozzi MC, Roumenina LT, Chauvet S, Hertig A, Bertrand D, Olagne 

J, et al. Anti-Factor B and Anti-C3b Autoantibodies in C3 

Glomerulopathy and Ig-Associated Membranoproliferative GN. J Am Soc 

Nephrol [Internet]. 2017 May [cited 2024 Nov 29];28(5):1603–13. 

Available from: https://journals.lww.com/00001751-201705000-

00030 

67.  Piras R, Breno M, Valoti E, Alberti M, Iatropoulos P, Mele C, et al. CFH 

and CFHR Copy Number Variations in C3 Glomerulopathy and Immune 

Complex-Mediated Membranoproliferative Glomerulonephritis. Front 

Genet [Internet]. 2021 Jun 11 [cited 2024 Nov 29];12:670727. Available 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  133 
 

from: 

https://www.frontiersin.org/articles/10.3389/fgene.2021.670727/full 

68.  Smith RJH, Appel GB, Blom AM, Cook HT, D’Agati VD, Fakhouri F, et al. 

C3 glomerulopathy — understanding a rare complement-driven renal 

disease. Nat Rev Nephrol [Internet]. 2019 Mar [cited 2024 Nov 

26];15(3):129–43. Available from: 

https://www.nature.com/articles/s41581-018-0107-2 

69.  Hou J, Markowitz GS, Bomback AS, Appel GB, Herlitz LC, Barry Stokes M, 

et al. Toward a working definition of C3 glomerulopathy by 

immunofluorescence. Kidney Int [Internet]. 2014 [cited 2025 Jan 

19];85(2):450–6. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0085253815561917 

70.  Pickering MC, D’Agati VD, Nester CM, Smith RJ, Haas M, Appel GB, et al. 

C3 glomerulopathy: consensus report. Kidney Int [Internet]. 2013 Dec 

[cited 2024 Nov 30];84(6):1079–89. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0085253815561267 

71.  Sethi S, Fervenza FC, Zhang Y, Nasr SH, Leung N, Vrana J, et al. 

Proliferative Glomerulonephritis Secondary to Dysfunction of the 

Alternative Pathway of Complement. Clin J Am Soc Nephrol [Internet]. 

2011 May [cited 2024 Dec 1];6(5):1009–17. Available from: 

https://journals.lww.com/01277230-201105000-00010 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  134 
 

72.  Zhang Y, Meyer NC, Wang K, Nishimura C, Frees K, Jones M, et al. 

Causes of Alternative Pathway Dysregulation in Dense Deposit Disease. 

Clin J Am Soc Nephrol [Internet]. 2012 Feb [cited 2024 Dec 2];7(2):265–

74. Available from: https://journals.lww.com/01277230-201202000-

00011 

73.  Habbig S, Mihatsch MJ, Heinen S, Beck B, Emmel M, Skerka C, et al. C3 

deposition glomerulopathy due to a functional Factor H defect. Kidney 

Int [Internet]. 2009 Jun [cited 2024 Dec 2];75(11):1230–4. Available 

from: 

https://linkinghub.elsevier.com/retrieve/pii/S008525381553576X 

74.  Appel GB, Cook HT, Hageman G, Jennette JC, Kashgarian M, Kirschfink 

M, et al. Membranoproliferative Glomerulonephritis Type II (Dense 

Deposit Disease): An Update. J Am Soc Nephrol [Internet]. 2005 May 

[cited 2024 Dec 2];16(5):1392–403. Available from: 

https://journals.lww.com/00001751-200505000-00031 

75.  Servais A, Fremeaux-Bacchi V, Lequintrec M, Salomon R, Blouin J, 

Knebelmann B, et al. Primary glomerulonephritis with isolated C3 

deposits: a new entity which shares common genetic risk factors with 

haemolytic uraemic syndrome. J Med Genet [Internet]. 2006 Dec 8 

[cited 2024 Dec 2];44(3):193–9. Available from: 

https://jmg.bmj.com/lookup/doi/10.1136/jmg.2006.045328 

76.  Martínez-Barricarte R, Heurich M, Valdes-Cañedo F, Vazquez-Martul E, 

Torreira E, Montes T, et al. Human C3 mutation reveals a mechanism of 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  135 
 

dense deposit disease pathogenesis and provides insights into 

complement activation and regulation. J Clin Invest [Internet]. 2010 Oct 

1 [cited 2024 Dec 2];120(10):3702–12. Available from: 

http://www.jci.org/articles/view/43343 

77.  Heurich M, Martínez-Barricarte R, Francis NJ, Roberts DL, Rodríguez De 

Córdoba S, Morgan BP, et al. Common polymorphisms in C3, factor B, 

and factor H collaborate to determine systemic complement activity and 

disease risk. Proc Natl Acad Sci [Internet]. 2011 May 24 [cited 2024 Dec 

1];108(21):8761–6. Available from: 

https://pnas.org/doi/full/10.1073/pnas.1019338108 

78.  Abrera-Abeleda MA, Nishimura C, Frees K, Jones M, Maga T, Katz LM, 

et al. Allelic Variants of Complement Genes Associated with Dense 

Deposit Disease. J Am Soc Nephrol [Internet]. 2011 Aug [cited 2024 Dec 

1];22(8):1551–9. Available from: https://journals.lww.com/00001751-

201108000-00022 

79.  Ponticelli C, Calatroni M, Moroni G. C3 glomerulopathies: dense deposit 

disease and C3 glomerulonephritis. Front Med [Internet]. 2023 Nov 24 

[cited 2025 Feb 4];10:1289812. Available from: 

https://www.frontiersin.org/articles/10.3389/fmed.2023.1289812/full 

80.  Tarragon Estebanez B, Bomback AS. C3 Glomerulopathy: Novel 

Treatment Paradigms. Kidney Int Rep [Internet]. 2024 Mar [cited 2025 

Feb 4];9(3):569–79. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S2468024923016297 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  136 
 

81.  Lau KK, Smith RJ, Kolbeck PC, Butani L. Dense deposit disease and the 

factor H H402 allele. Clin Exp Nephrol [Internet]. 2008 Jun [cited 2024 

Dec 1];12(3):228–32. Available from: 

http://link.springer.com/10.1007/s10157-008-0031-z 

82.  Abrera-Abeleda MA. Variations in the complement regulatory genes 

factor H (CFH) and factor H related 5 (CFHR5) are associated with 

membranoproliferative glomerulonephritis type II (dense deposit 

disease). J Med Genet [Internet]. 2005 Nov 18 [cited 2024 Dec 

1];43(7):582–9. Available from: 

https://jmg.bmj.com/lookup/doi/10.1136/jmg.2005.038315 

83.  Zhang Y, Ghiringhelli Borsa N, Shao D, Dopler A, Jones MB, Meyer NC, et 

al. Factor H Autoantibodies and Complement-Mediated Diseases. Front 

Immunol [Internet]. 2020 Dec 15 [cited 2024 Nov 29];11:607211. 

Available from: 

https://www.frontiersin.org/articles/10.3389/fimmu.2020.607211/full 

84.  Zipfel PF, Skerka C. Complement regulators and inhibitory proteins. Nat 

Rev Immunol [Internet]. 2009 Oct [cited 2024 Dec 2];9(10):729–40. 

Available from: https://www.nature.com/articles/nri2620 

85.  Sethi S, Gamez JD, Vrana JA, Theis JD, Robert Bergen H, Zipfel PF, et al. 

Glomeruli of Dense Deposit Disease contain components of the 

alternative and terminal complement pathway. Kidney Int [Internet]. 

2009 May [cited 2024 Dec 2];75(9):952–60. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S008525381553812X 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  137 
 

86.  Rovin BH, Adler SG, Barratt J, Bridoux F, Burdge KA, Chan TM, et al. 

KDIGO 2021 Clinical Practice Guideline for the Management of 

Glomerular Diseases. Kidney Int [Internet]. 2021 Oct 1 [cited 2025 Jan 

22];100(4):S1–276. Available from: 

https://doi.org/10.1016/j.kint.2021.05.021 

87.  O’Keeffe H, Storrar J, Ramakrishna C, Metaoy S, Chrysochou C, 

Chinnadurai R, et al. Membranoproliferative glomerulonephritis over 20 

years at a tertiary referral center in the United Kingdom. Glomerular Dis 

[Internet]. 2024 Aug 2 [cited 2025 Jan 25]; Available from: 

https://karger.com/doi/10.1159/000540672 

88.  Nakagawa N, Hasebe N, Hattori M, Nagata M, Yokoyama H, Sato H, et 

al. Clinical features and pathogenesis of membranoproliferative 

glomerulonephritis: a nationwide analysis of the Japan renal biopsy 

registry from 2007 to 2015. Clin Exp Nephrol [Internet]. 2018 Aug 

[cited 2025 Jan 25];22(4):797–807. Available from: 

http://link.springer.com/10.1007/s10157-017-1513-7 

89.  Sethi S, D’Costa MR, Hermann SM, Nasr SH, Fervenza FC. Immune-

Complex Glomerulonephritis After COVID-19 Infection. Kidney Int Rep 

[Internet]. 2021 Apr 1 [cited 2025 Jan 21];6(4):1170–3. Available from: 

https://doi.org/10.1016/j.ekir.2021.02.002 

90.  Göndör G, Ksiazek SH, Regele H, Kronbichler A, Knechtelsdorfer M, 

Säemann MD. Development of crescentic membranoproliferative 

glomerulonephritis after COVID-19 vaccination. Clin Kidney J [Internet]. 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  138 
 

2022 Nov 27 [cited 2025 Jan 21];15(12):2340–2. Available from: 

https://academic.oup.com/ckj/article/15/12/2340/6763601 

91.  Bernardes TP, Mastroianni-Kirsztajn G. Membranoproliferative 

glomerulonephritis: current histopathological classification, clinical 

profile, and kidney outcomes. J Bras Nefrol [Internet]. 2023 [cited 2025 

Jan 25];45(1):45–50. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10139719/ 

92.  Nakagawa N, Mizuno M, Kato S, Maruyama S, Sato H, Nakaya I, et al. 

Demographic, clinical characteristics and treatment outcomes of 

immune-complex membranoproliferative glomerulonephritis and C3 

glomerulonephritis in Japan: A retrospective analysis of data from the 

Japan Renal Biopsy Registry. Nagai K, editor. PLOS ONE [Internet]. 2021 

Sep 14 [cited 2025 Jan 27];16(9):e0257397. Available from: 

https://dx.plos.org/10.1371/journal.pone.0257397 

93.  Kovala M, Seppälä M, Räisänen-Sokolowski A, Meri S, Honkanen E, 

Kaartinen K. Diagnostic and Prognostic Comparison of Immune-

Complex-Mediated Membranoproliferative Glomerulonephritis and C3 

Glomerulopathy. Cells [Internet]. 2023 Feb 23 [cited 2025 Jan 

27];12(5):712. Available from: https://www.mdpi.com/2073-

4409/12/5/712 

94.  Altit L. Glomérulonéphrites membranoprolifératives: aspect 

épidemiologique, présentation clinique et aspect évolutif. [Internet] 

[Thesis]. [Marrakech]: Faculté de medecine et de Pharmacie, Cadi 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  139 
 

Ayyad; 2016 [cited 2025 Jan 31]. Available from: 

http://wd.fmpm.uca.ma/biblio/theses/annee-htm/FT/2016/these30-

16.pdf 

95.  Weckerle CE, Niewold TB. The Unexplained Female Predominance of 

Systemic Lupus Erythematosus: Clues from Genetic and Cytokine 

Studies. Clin Rev Allergy Immunol [Internet]. 2011 Feb [cited 2025 Jan 

21];40(1):42–9. Available from: 

http://link.springer.com/10.1007/s12016-009-8192-4 

96.  Riedl M, Thorner P, Licht C. C3 Glomerulopathy. Pediatr Nephrol 

[Internet]. 2017 Jan [cited 2025 Feb 2];32(1):43–57. Available from: 

http://link.springer.com/10.1007/s00467-015-3310-4 

97.  Lu DF, Moon M, Lanning LD, McCarthy AM, Smith RJH. Clinical features 

and outcomes of 98 children and adults with dense deposit disease. 

Pediatr Nephrol [Internet]. 2012 May [cited 2025 Feb 2];27(5):773–81. 

Available from: http://link.springer.com/10.1007/s00467-011-2059-

7 

98.  Servais A, Noël LH, Frémeaux-Bacchi V, Lesavre P. C3 Glomerulopathy. 

In: Chen N, editor. Contributions to Nephrology [Internet]. S. Karger AG; 

2013 [cited 2025 Feb 2]. p. 185–93. Available from: 

https://karger.com/books/book/195/chapter/5130706 

99.  Iatropoulos P, Daina E, Curreri M, Piras R, Valoti E, Mele C, et al. Cluster 

Analysis Identifies Distinct Pathogenetic Patterns in C3 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  140 
 

Glomerulopathies/Immune Complex–Mediated Membranoproliferative 

GN. J Am Soc Nephrol [Internet]. 2018 Jan [cited 2025 Jan 

27];29(1):283–94. Available from: 

https://journals.lww.com/00001751-201801000-00029 

100.  Licht C, Vivarelli M, Khursigara MR, Walker PD. C3 Glomerulopathies. In: 

Schaefer F, Greenbaum LA, editors. Pediatric Kidney Disease [Internet]. 

Cham: Springer International Publishing; 2023. p. 641–64. Available 

from: https://link.springer.com/10.1007/978-3-031-11665-0_23 

101.  Mathieson PW, Würzner R, Oliveria DB, Lachmann PJ, Peters DK. 

Complement-mediated adipocyte lysis by nephritic factor sera. J Exp 

Med [Internet]. 1993 Jun 1 [cited 2025 Feb 2];177(6):1827–31. 

Available from: 

https://rupress.org/jem/article/177/6/1827/50440/Complement-

mediated-adipocyte-lysis-by-nephritic 

102.  Zand L, Fervenza FC, Nasr SH, Sethi S. Membranoproliferative 

glomerulonephritis associated with autoimmune diseases. J Nephrol 

[Internet]. 2014 Apr [cited 2025 Feb 2];27(2):165–71. Available from: 

http://link.springer.com/10.1007/s40620-014-0049-0 

103.  Kuhn A, Sticherling M, Bonsmann G. Clinical Manifestations of 

Cutaneous Lupus Erythematosus. JDDG J Dtsch Dermatol Ges [Internet]. 

2007 Dec [cited 2025 Feb 2];5(12):1124–37. Available from: 

https://onlinelibrary.wiley.com/doi/10.1111/j.1610-

0387.2007.06554.x 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  141 
 

104.  Werth VP. Clinical manifestations of cutaneous lupus erythematosus. 

Autoimmun Rev [Internet]. 2005 Jun [cited 2025 Feb 2];4(5):296–302. 

Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S1568997205000042 

105.  Servais A, Noël LH, Roumenina LT, Quintrec ML, Ngo S, Dragon-Durey 

MA, et al. Acquired and genetic complement abnormalities play a 

critical role in dense deposit disease and other C3 glomerulopathies. 

Kidney Int [Internet]. 2012 Aug 2 [cited 2025 Jan 27];82(4):454–64. 

Available from: https://www.kidney-international.org/article/S0085-

2538(15)55582-8/fulltext 

106.  Tatar E, Oygar D, Seyahi N, Eren N, Cantürk Y, Güngör Ö, et al. 

P0496THE IMPORTANCE OF COMPLEMENT LEVELS AND CLINICAL 

CHARACTERISTICS OF PRIMARY MEMBRANOPROLIFERATIVE 

GLOMERULONEPHRITIS IN TURKEY. Nephrol Dial Transplant [Internet]. 

2020 Jun 1 [cited 2025 Feb 1];35(Supplement_3):gfaa142.P0496. 

Available from: 

https://academic.oup.com/ndt/article/doi/10.1093/ndt/gfaa142.P049

6/5852431 

107.  Michels MAHM, Van De Kar NCAJ, Van Kraaij SAW, Sarlea SA, Gracchi V, 

Engels FAPT, et al. Different Aspects of Classical Pathway Overactivation 

in Patients With C3 Glomerulopathy and Immune Complex-Mediated 

Membranoproliferative Glomerulonephritis. Front Immunol [Internet]. 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  142 
 

2021 Aug 11 [cited 2025 Feb 15];12:715704. Available from: 

https://www.frontiersin.org/articles/10.3389/fimmu.2021.715704/full 

108.  Wang H, Liu M. Complement C4, Infections, and Autoimmune Diseases. 

Front Immunol [Internet]. 2021 Jul 14 [cited 2025 Feb 15];12:694928. 

Available from: 

https://www.frontiersin.org/articles/10.3389/fimmu.2021.694928/full 

109.  Coss SL, Zhou D, Chua GT, Aziz RA, Hoffman RP, Wu YL, et al. The 

complement system and human autoimmune diseases. J Autoimmun 

[Internet]. 2023 May [cited 2025 Feb 15];137:102979. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0896841122001871 

110.  Fakhouri F, Le Quintrec M, Frémeaux-Bacchi V. Practical management 

of C3 glomerulopathy and Ig-mediated MPGN: facts and uncertainties. 

Kidney Int [Internet]. 2020 Nov [cited 2025 Feb 1];98(5):1135–48. 

Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0085253820307213 

111.  Mastrangelo A, Serafinelli J, Giani M, Montini G. Clinical and 

Pathophysiological Insights Into Immunological Mediated Glomerular 

Diseases in Childhood. Front Pediatr [Internet]. 2020 May 12 [cited 

2025 Feb 2];8:205. Available from: 

https://www.frontiersin.org/article/10.3389/fped.2020.00205/full 

112.  Sethi S, Fervenza FC, Zhang Y, Zand L, Vrana JA, Nasr SH, et al. C3 

glomerulonephritis: clinicopathological findings, complement 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  143 
 

abnormalities, glomerular proteomic profile, treatment, and follow-up. 

Kidney Int [Internet]. 2012 Aug [cited 2025 Feb 2];82(4):465–73. 

Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0085253815555762 

113.  Uppal NN, Monga D, Vernace MA, Mehtabdin K, Shah HH, Bijol V, et al. 

Kidney diseases associated with Waldenström macroglobulinemia. 

Nephrol Dial Transplant [Internet]. 2019 Oct 1 [cited 2025 Feb 

16];34(10):1644–52. Available from: 

https://academic.oup.com/ndt/article/34/10/1644/5151291 

114.  Ravindran A, Fervenza FC, Smith RJH, De Vriese AS, Sethi S. C3 

Glomerulopathy: Ten Years’ Experience at Mayo Clinic. Mayo Clin Proc 

[Internet]. 2018 Aug [cited 2025 Mar 21];93(8):991–1008. Available 

from: 

https://linkinghub.elsevier.com/retrieve/pii/S0025619618304026 

115.  Nicolas C, Vuiblet V, Baudouin V, Macher MA, Vrillon I, Biebuyck-Gouge 

N, et al. C3 nephritic factor associated with C3 glomerulopathy in 

children. Pediatr Nephrol [Internet]. 2014 Jan [cited 2025 Feb 

2];29(1):85–94. Available from: 

http://link.springer.com/10.1007/s00467-013-2605-6 

116.  Nimalan A, Sivansuthan S. Multiple Myeloma as a rare cause of 

membranoproliferative glomerular nephritis. Jaffna Med J [Internet]. 

2021 Dec 30 [cited 2025 Feb 16];33(2):53–5. Available from: 

https://account.jmj.sljol.info/index.php/up/article/view/140 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  144 
 

117.  Alshayeb H, Wall BM. Non Hodgkin’s lymphoma associated 

membranoproliferative glomerulonephritis: rare case of long term 

remission with chemotherapy: a case report. Cases J [Internet]. 2009 

[cited 2025 Feb 16];2(1):7201. Available from: 

http://www.casesjournal.com/content/2/1/7201 

118.  Khalfaoui MA, Mtioui N, Elkheyat S, Zamd M, Medkouri G, Benghanem 

Gharbi M, et al. Profil de la glomérulonéphrite membrano-proliférative : 

à propos de 26 cas. Néphrologie Thérapeutique [Internet]. 2015 Sep 

[cited 2025 Feb 1];11(5):348–9. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S1769725515004022 

119.  Dinda A, Sharma A, Gupta R, Lal C, Agarwal S. Crescentic 

glomerulonephritis developing in the course of idiopathic 

membranoproliferative glomerulonephritis. Saudi J Kidney Dis 

Transplant [Internet]. 2013 [cited 2025 Mar 25];24(2):333. Available 

from: http://www.sjkdt.org/text.asp?2013/24/2/333/109599 

120.  Nikolopoulou A, Huang-Doran I, McAdoo SP, Griffith ME, Cook HT, 

Pusey CD. Membranous Glomerulonephritis With Crescents. Kidney Int 

Rep [Internet]. 2019 Nov [cited 2025 Apr 4];4(11):1577–84. Available 

from: 

https://linkinghub.elsevier.com/retrieve/pii/S2468024919314421 

121.  Lusco MA, Najafian B, Alpers CE, Fogo AB. AJKD Atlas of Renal 

Pathology: Arterionephrosclerosis. Am J Kidney Dis [Internet]. 2016 Apr 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  145 
 

[cited 2025 Apr 3];67(4):e21–2. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0272638616001463 

122.  Sansonno D, Gesualdo L, Manno C, Schena FP, Dammacco F. Hepatitis C 

virus-related proteins in kidney tissue from hepatitis C virus-infected 

patients with cryoglobulinemic membranoproliferative 

glomerulonephritis. Hepatology [Internet]. 1997 May [cited 2025 Apr 

3];25(5):1237–44. Available from: 

https://journals.lww.com/01515467-199705000-00030 

123.  Noris M, Daina E, Remuzzi G. Membranoproliferative 

glomerulonephritis: no longer the same disease and may need very 

different treatment. Nephrol Dial Transplant [Internet]. 2023 Feb 13 

[cited 2024 Nov 11];38(2):283–90. Available from: 

https://academic.oup.com/ndt/article/38/2/283/6378885 

124.  Noris M, Remuzzi G. C3G and Ig-MPGN—treatment standard. Nephrol 

Dial Transplant [Internet]. 2024 Jan 31 [cited 2025 Jan 26];39(2):202–

14. Available from: 

https://academic.oup.com/ndt/article/39/2/202/7246920 

125.  Membranoproliferative glomerulonephritis: Treatment and prognosis - 

UpToDate [Internet]. [cited 2025 Apr 2]. Available from: 

https://www.uptodate.com/contents/membranoproliferative-

glomerulonephritis-treatment-and-prognosis 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  146 
 

126.  Rabasco C, Cavero T, Román E, Rojas-Rivera J, Olea T, Espinosa M, et 

al. Effectiveness of mycophenolate mofetil in C3 glomerulonephritis. 

Kidney Int [Internet]. 2015 Nov 1 [cited 2025 Mar 24];88(5):1153–60. 

Available from: https://doi.org/10.1038/ki.2015.227 

127.  Avasare RS, Canetta PA, Bomback AS, Marasa M, Caliskan Y, Ozluk Y, et 

al. Mycophenolate Mofetil in Combination with Steroids for Treatment 

of C3 Glomerulopathy: A Case Series. Clin J Am Soc Nephrol [Internet]. 

2018 Mar [cited 2025 Mar 24];13(3):406–13. Available from: 

https://journals.lww.com/01277230-201803000-00009 

128.  Ravindran A, Fervenza FC, Smith RJH, De Vriese AS, Sethi S. C3 

Glomerulopathy: Ten Years’ Experience at Mayo Clinic. Mayo Clin Proc 

[Internet]. 2018 Aug 1 [cited 2025 Jan 30];93(8):991–1008. Available 

from: https://doi.org/10.1016/j.mayocp.2018.05.019 

129.  Bomback AS, Santoriello D, Avasare RS, Regunathan-Shenk R, Canetta 

PA, Ahn W, et al. C3 glomerulonephritis and dense deposit disease 

share a similar disease course in a large United States cohort of 

patients with C3 glomerulopathy. Kidney Int [Internet]. 2018 Apr [cited 

2025 Feb 1];93(4):977–85. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0085253817308025 

130.  Zheng XY. Meta-analysis of combined therapy for adult hepatitis B 

virus-associated glomerulonephritis. World J Gastroenterol [Internet]. 

2012 [cited 2025 Mar 24];18(8):821. Available from: 

http://www.wjgnet.com/1007-9327/full/v18/i8/821.htm 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  147 
 

131.  Pérez De José A, Carbayo J, Pocurull A, Bada-Bosch T, Cases Corona 

CM, Shabaka A, et al. Direct-acting antiviral therapy improves kidney 

survival in hepatitis C virus-associated cryoglobulinaemia: the 

RENALCRYOGLOBULINEMIC study. Clin Kidney J [Internet]. 2021 Feb 16 

[cited 2025 Mar 24];14(2):586–92. Available from: 

https://academic.oup.com/ckj/article/14/2/586/5716107 

132.  Elewa U, Sandri AM, Kim WR, Fervenza FC. Treatment of Hepatitis B 

Virus-Associated Nephropathy. Nephron Clin Pract [Internet]. 2011 Jun 

15 [cited 2025 Apr 2];119(1):c41–9. Available from: 

https://karger.com/NEC/article/doi/10.1159/000324652 

133.  Leung N, Bridoux F, Nasr SH. Monoclonal Gammopathy of Renal 

Significance. Ingelfinger JR, editor. N Engl J Med [Internet]. 2021 May 20 

[cited 2025 Apr 2];384(20):1931–41. Available from: 

http://www.nejm.org/doi/10.1056/NEJMra1810907 

134.  Caravaca-Fontán F, Díaz-Encarnación MM, Lucientes L, Cavero T, 

Cabello V, Ariceta G, et al. Mycophenolate Mofetil in C3 Glomerulopathy 

and Pathogenic Drivers of the Disease. Clin J Am Soc Nephrol [Internet]. 

2020 Sep [cited 2025 Jan 29];15(9):1287–98. Available from: 

https://journals.lww.com/10.2215/CJN.15241219 

135.  Rudnicki M. Rituximab for Treatment of Membranoproliferative 

Glomerulonephritis and C3 Glomerulopathies. BioMed Res Int [Internet]. 

2017 [cited 2025 Jan 29];2017:1–7. Available from: 

https://www.hindawi.com/journals/bmri/2017/2180508/ 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  148 
 

136.  Welte T, Arnold F, Westermann L, Rottmann FA, Hug MJ, Neumann-

Haefelin E, et al. Eculizumab as a treatment for C3 glomerulopathy: a 

single-center retrospective study. BMC Nephrol [Internet]. 2023 Jan 11 

[cited 2025 Jan 30];24(1):8. Available from: 

https://bmcnephrol.biomedcentral.com/articles/10.1186/s12882-

023-03058-9 

137.  Vivarelli M, Emma F. Treatment of C3 Glomerulopathy with Complement 

Blockers. Semin Thromb Hemost [Internet]. 2014 May 5 [cited 2025 Jan 

30];40(04):472–7. Available from: http://www.thieme-

connect.de/DOI/DOI?10.1055/s-0034-1375299 

138.  Ruggenenti P, Daina E, Gennarini A, Carrara C, Gamba S, Noris M, et al. 

C5 Convertase Blockade in Membranoproliferative Glomerulonephritis: 

A Single-Arm Clinical Trial. Am J Kidney Dis [Internet]. 2019 Aug [cited 

2025 Jan 30];74(2):224–38. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0272638619301003 

139.  Le Quintrec M, Lapeyraque AL, Lionet A, Sellier-Leclerc AL, Delmas Y, 

Baudouin V, et al. Patterns of Clinical Response to Eculizumab in 

Patients With C3 Glomerulopathy. Am J Kidney Dis [Internet]. 2018 Jul 

[cited 2025 Jan 30];72(1):84–92. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0272638617311393 

140.  Riedl Khursigara M, Chung E, Tjon J, Noone D, Chami R, Licht C, et al. 

Utilizing therapeutic drug monitoring to optimize therapy with 

eculizumab and mycophenolate mofetil in a child with C3 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  149 
 

glomerulonephritis. Pediatr Nephrol [Internet]. 2023 Oct [cited 2025 Jan 

30];38(10):3483–7. Available from: 

https://link.springer.com/10.1007/s00467-023-05927-9 

141.  Medjeral-Thomas NR, O’Shaughnessy MM, O’Regan JA, Traynor C, 

Flanagan M, Wong L, et al. C3 Glomerulopathy: Clinicopathologic 

Features and Predictors of Outcome. Clin J Am Soc Nephrol [Internet]. 

2014 Jan [cited 2025 Feb 2];9(1):46–53. Available from: 

https://journals.lww.com/01277230-201401000-00009 

142.  Zand L, Kattah A, Fervenza FC, Smith RJH, Nasr SH, Zhang Y, et al. C3 

Glomerulonephritis Associated With Monoclonal Gammopathy: A Case 

Series. Am J Kidney Dis [Internet]. 2013 Sep [cited 2025 Feb 

2];62(3):506–14. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S027263861300591X 

143.  Zand L, Lorenz EC, Cosio FG, Fervenza FC, Nasr SH, Gandhi MJ, et al. 

Clinical Findings, Pathology, and Outcomes of C3GN after Kidney 

Transplantation. J Am Soc Nephrol [Internet]. 2014 May [cited 2025 Jan 

30];25(5):1110–7. Available from: 

https://journals.lww.com/00001751-201405000-00030 

144.  Lorenz EC, Sethi S, Leung N, Dispenzieri A, Fervenza FC, Cosio FG. 

Recurrent membranoproliferative glomerulonephritis after kidney 

transplantation. Kidney Int [Internet]. 2010 Apr [cited 2025 Feb 

3];77(8):721–8. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0085253815543469 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  150 
 

145.  Bestard O, Cruzado JM, Ercilla G, Gomà M, Torras J, Serón D, et al. 

Rituximab induces regression of hepatitis C virus-related 

membranoproliferative glomerulonephritis in a renal allograft. Nephrol 

Dial Transplant [Internet]. 2006 Aug 1 [cited 2025 Feb 3];21(8):2320–4. 

Available from: 

http://academic.oup.com/ndt/article/21/8/2320/1820849/Rituximab

-induces-regression-of-hepatitis-C 

146.  Farooqui M, Alsaad K, Aloudah N, Alhamdan H. Treatment-Resistant 

Recurrent Membranoproliferative Glomerulonephritis in Renal Allograft 

Responding to Rituximab: Case Report. Transplant Proc [Internet]. 2015 

Apr [cited 2025 Feb 3];47(3):823–6. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0041134515001062 

147.  Pérez-Sáez MJ, Toledo K, Navarro MD, Lopez-Andreu M, Redondo MD, 

Ortega R, et al. Recurrent Membranoproliferative Glomerulonephritis 

After Second Renal Graft Treated With Plasmapheresis and Rituximab. 

Transplant Proc [Internet]. 2011 Dec [cited 2025 Feb 3];43(10):4005–9. 

Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0041134511013583 

148.  Licht C, Weyersberg A, Heinen S, Stapenhorst L, Devenge J, Beck B, et al. 

Successful plasma therapy for atypical hemolytic uremic syndrome 

caused by factor H deficiency owing to a novel mutation in the 

complement cofactor protein domain 15. Am J Kidney Dis Off J Natl 

Kidney Found. 2005 Feb;45(2):415–21.  



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  151 
 

149.  Kurtz KA, Schlueter AJ. Management of membranoproliferative 

glomerulonephritis type II with plasmapheresis. J Clin Apheresis. 

2002;17(3):135–7.  

150.  Wiles JA, Galvan MD, Podos SD, Geffner M, Huang M. Discovery and 

Development of the Oral Complement Factor D Inhibitor Danicopan 

(ACH-4471). Curr Med Chem [Internet]. 2020 Jul 22 [cited 2025 Jan 

30];27(25):4165–80. Available from: 

https://www.eurekaselect.com/175233/article 

151.  Nester C, Appel GB, Bomback AS, Bouman KP, Cook HT, Daina E, et al. 

Clinical Outcomes of Patients with C3G or IC-MPGN Treated with the 

Factor D Inhibitor Danicopan: Final Results from Two Phase 2 Studies. 

Am J Nephrol [Internet]. 2022 [cited 2025 Jan 30];53(10):687–700. 

Available from: 

https://karger.com/AJN/article/doi/10.1159/000527167 

152.  Podos SD, Trachtman H, Appel GB, Bomback AS, Dixon BP, Wetzels JFM, 

et al. Baseline Clinical Characteristics and Complement Biomarkers of 

Patients with C3 Glomerulopathy Enrolled in Two Phase 2 Studies 

Investigating the Factor D Inhibitor Danicopan. Am J Nephrol [Internet]. 

2022 [cited 2025 Jan 30];53(10):675–86. Available from: 

https://karger.com/AJN/article/doi/10.1159/000527166 

153.  Wu X, Hutson I, Akk AM, Mascharak S, Pham CTN, Hourcade DE, et al. 

Contribution of Adipose-Derived Factor D/Adipsin to Complement 

Alternative Pathway Activation: Lessons from Lipodystrophy. J Immunol 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  152 
 

[Internet]. 2018 Apr 15 [cited 2025 Jan 30];200(8):2786–97. Available 

from: 

https://journals.aai.org/jimmunol/article/200/8/2786/107159/Contri

bution-of-Adipose-Derived-Factor-D-Adipsin 

154.  Nester C, Nast C, Appel G, Barratt J, Fervenza F, Fremeaux-Bacchi V, et 

al. POS-045 Evaluating BCX9930, an Oral Factor D Inhibitor for 

Treatment of Complement-Mediated Kidney Disease: A Proof-of-

Concept Study (RENEW). Kidney Int Rep [Internet]. 2022 Jun [cited 2025 

Jan 30];7(6):S457–8. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S2468024922013444 

155.  Schubart A, Anderson K, Mainolfi N, Sellner H, Ehara T, Adams CM, et 

al. Small-molecule factor B inhibitor for the treatment of complement-

mediated diseases. Proc Natl Acad Sci [Internet]. 2019 Apr 16 [cited 

2025 Jan 30];116(16):7926–31. Available from: 

https://pnas.org/doi/full/10.1073/pnas.1820892116 

156.  Nester CM, Eisenberger U, Karras A, Le Quintrec-Donnette M, 

Lightstone L, Praga M, et al. WCN23-0403 AN OPEN-LABEL, NON-

RANDOMIZED EXTENSION STUDY TO EVALUATE LONG-TERM EFFICACY, 

SAFETY, AND TOLERABILITY OF LNP023 IN SUBJECTS WITH C3 

GLOMERULOPATHY: INTERIM ANALYSIS OF PHASE 2 STUDY. Kidney Int 

Rep [Internet]. 2023 Mar [cited 2025 Jan 30];8(3):S270–1. Available 

from: 

https://linkinghub.elsevier.com/retrieve/pii/S2468024923006605 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  153 
 

157.  Bomback AS, Kavanagh D, Vivarelli M, Meier M, Wang Y, Webb NJA, et 

al. Alternative Complement Pathway Inhibition With Iptacopan for the 

Treatment of C3 Glomerulopathy-Study Design of the APPEAR-C3G 

Trial. Kidney Int Rep [Internet]. 2022 Oct [cited 2025 Jan 

30];7(10):2150–9. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S2468024922015029 

158.  Veldandi UK, Kavanagh D, Vivarelli M, Bomback A, Wang Y, 

Bogdanowicz K, et al. WCN23-0584 A MULTICENTER, RANDOMIZED, 

DOUBLE-BLIND, PLACEBO-CONTROLLED PHASE 3 STUDY TO ASSESS 

THE EFFICACY AND SAFETY OF IPTACOPAN IN IDIOPATHIC IMMUNE 

COMPLEX-MEDIATED MEMBRANOPROLIFERATIVE GLOMERULONEPHRITIS 

(IC-MPGN). Kidney Int Rep [Internet]. 2023 Mar [cited 2025 Jan 

30];8(3):S275. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S2468024923006691 

159.  Dixon BP, Greenbaum LA, Huang L, Rajan S, Ke C, Zhang Y, et al. 

Clinical Safety and Efficacy of Pegcetacoplan in a Phase 2 Study of 

Patients with C3 Glomerulopathy and Other Complement-Mediated 

Glomerular Diseases. Kidney Int Rep [Internet]. 2023 Nov [cited 2025 

Jan 30];8(11):2284–93. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S2468024923014705 

160.  Wooden B, Tarragon B, Navarro-Torres M, Bomback AS. Complement 

inhibitors for kidney disease. Nephrol Dial Transplant [Internet]. 2023 



Membranoproliferative glomerulonephritis;                          Thèses N°117/25 

clinical, etiological and renal outcome at the nephrology department,     

hassan ii university hospital  

Mr. RUFUS NII TETTEH BULLEY                                                                  154 
 

Nov 8 [cited 2025 Jan 30];38(Supplement_2):ii29–39. Available from: 

https://academic.oup.com/ndt/article/38/Supplement_2/ii29/7176072 

161.  Wani AS, Zahir Z, Gupta A, Agrawal V. Clinicopathological Significance 

and Renal Outcomes of Light Microscopic Patterns in Complement 

Component 3 Glomerulopathy. Nephron [Internet]. 2020 [cited 2025 

Mar 25];144(5):228–35. Available from: 

https://karger.com/NEF/article/doi/10.1159/000506290 

162.  Little MA, Dupont P, Campbell E, Dorman A, Walshe JJ. Severity of 

primary MPGN, rather than MPGN type, determines renal survival and 

post-transplantation recurrence risk. Kidney Int [Internet]. 2006 Feb 

[cited 2025 Mar 25];69(3):504–11. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0085253815515007 

163.  Holle J, Berenberg-Goßler L, Wu K, Beringer O, Kropp F, Müller D, et al. 

Outcome of membranoproliferative glomerulonephritis and C3-

glomerulopathy in children and adolescents. Pediatr Nephrol [Internet]. 

2018 Dec [cited 2025 Mar 25];33(12):2289–98. Available from: 

http://link.springer.com/10.1007/s00467-018-4034-z 

164.  Spartà G, Gaspert A, Neuhaus TJ, Weitz M, Mohebbi N, Odermatt U, et 

al. Membranoproliferative glomerulonephritis and C3 glomerulopathy 

in children: change in treatment modality? A report of a case series. 

Clin Kidney J [Internet]. 2018 Aug 1 [cited 2025 Mar 25];11(4):479–90. 

Available from: 

https://academic.oup.com/ckj/article/11/4/479/4915394 

  



25/117 2025

  اللجنة

الأطروحة 
2025/04/11

 

...........................................................................................................

.................................................................................................

    الرئیس  

أعضاء

السیدة خمار زینب  

السیدة الشوھاني بسمة أمال   

أستاذة في أمراض الكلي  

أستاذة في أمراض الكلي  

السید غوفوز ني تیتھ بیلي
المزداد في 29 یولیوز 1997 بغانا

التھاب كبیبات الكلى التكاثري الغشائي؛ النتائج السریریة 
والسببیة والكلویة في قسم أمراض الكلى،

 مستشفى الحسن الثاني الجامعي

 

أستاذة في الطب الباطني    

...................................................................................................السیدة البردعي غیثة

السید صقلي حسیني طارق

أستاذ في أمراض الكلي  

...........................................................................................

المشرف

الكلمات المفتاحیة
اعتلال كبیبات الكلى بالمركب المناعي                    - متلازمة الكلى، كبت المناعة  

مرض الكلى في المرحلة النھائیة - النتائج الكلویة 

أستاذ مساعد في أمراض الكلي 

.....................................................................................................السید علاطة یاسین

MPGN- C3

عضو مشارك


	Page 1
	Page 1

