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ABSTRACT

Glomerulonephritis is the third most common cause of end-stage kidney disease. The presentation, clinical course, and 
outcome of glomerular diseases are highly variable. A kidney biopsy is always needed to clarify the diagnosis; however, per-
forming a kidney biopsy is limited by several factors such as bleeding disorders, obesity, and other comorbid conditions. 
There is a need for less invasive, simple, and reproducible tests, especially by using blood and urine samples, which could 
replace kidney biopsy. Our review focuses on the novel clinical, histopathological, blood, and urine biomarkers to make an 
accurate diagnosis and predict the prognosis of primary glomerular diseases including immunoglobulin A nephropathy, 
membranous nephropathy, focal segmental glomerulosclerosis, and membranoproliferative glomerulonephritis. Overall, 
although there are promising biomarkers for glomerulonephritis, long-term evaluation of these biomarkers is still needed.
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INTRODUCTION
Glomerulonephritis (GN) is the third most common 
cause of end-stage kidney disease (ESKD).1 As the treat-
ment is disease-specific, making a well-defined diagno-
sis is important.2 The presentation, clinical course, and 
outcome of glomerular diseases are highly variable.3 
A kidney biopsy is always needed to clarify the diag-
nosis; however, performing a kidney biopsy is limited 
by several factors such as bleeding disorders, obesity, 
and other comorbid conditions.2 There is a need for 
less invasive, simple, and reproducible tests especially 
by using blood and urine samples, which could replace 
kidney biopsy. Here, we review the novel clinical, histo-
pathological, blood, and urine biomarkers to make an 
accurate diagnosis and predict the prognosis of primary 
glomerular diseases including immunoglobulin A (IgA) 
nephropathy (IgAN), membranous nephropathy (MN), 
focal segmental glomerulosclerosis (FSGS), and mem-
branoproliferative glomerulonephritis (MPGN) (Table 1).

IMMUNOGLOBULIN A NEPHROPATHY
Immunoglobulin A nephropathy is the most com-
mon primary GN worldwide4,5 and the prevalence 
varies with the geographic region, being the high-
est in Southeast Asia.4,5 Although different histologic 
appearances can be seen, the major diagnostic fea-
ture is mesangial hypercellularity and mesangial 
IgA deposition.4 The disease pathophysiology has 
not been completely understood yet. The suggested 
mechanism is a “four hit” model, starting with the 
improper galactosylation of IgA1 (first hit).4,5 The sec-
ond hit is the formation of IgA or IgG autoantibodies 
against this galactose-deficient IgA1 (Gd-IgA1) result-
ing in immunocomplex (third hit) deposits in the 
mesangium of the glomerulus (fourth hit).4-7 At the 
end of this scenario, complement pathway activation4 
and cytokine release could change podocyte gene 
expression and permeability of glomeruli8 which may 
result in kidney failure.4
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Recent studies have shown associations between specific 
complement proteins and IgAN severity9 which lead investiga-
tors to study alternative and lectin complement pathways in 
IgAN. As the disease may result in spontaneous remission in 
some patients,4 40% of IgAN patients progress to ESKD within 
20 years.10 The variability of the clinical course anticipates dif-
ferent treatment options and response rates are highly variable. 
There is an absolute need for validated biomarkers to predict 
the risk of progression and indication for treatment at early 
stages when lesions can be reversible.

Clinical Markers
Patients with IgAN have a wide range of clinical presentations, 
including episodes of macroscopic hematuria with concur-
rent pharyngitis, microscopic hematuria as a part of nephritic, 
nephrotic syndrome, or rapidly progressive GN.4 Baseline clini-
cal factors of patients with IgAN including decreased kidney 
function at the time of diagnosis measured by glomerular fil-
tration rate (GFR),11-14 histologic grading,11-15 and proteinuria15-17 
were most consistently found to be independently associated 
with progressive kidney disease.

Blood pressure at diagnosis is also a risk factor for IgAN pro-
gression and takes place in international prediction tool.5,18 In 
a recent study, the study outcome, dialysis, or death at 20 years 
was reached in 5%, 19%, and 42% of normotensive, controlled 
hypertension, and uncontrolled hypertension groups, respec-
tively.15 The presence of proteinuria and particularly higher 
levels are associated with a decline in kidney function in glo-
merular diseases.19,20 Time-averaged proteinuria (TAP) is the 
strongest independent prognostic factor in IgAN.5 When the 
TAP is less than 1 g/day, the 10-year risk of ESKD is 5%; when 
TAP is more than 3 g/day, this risk increases to 60%.17 An early 
reduction in proteinuria is associated with improved sur-
vival.17 Proteinuria is an activator of tubular chemokine and 
complement pathways resulting in kidney inflammation, as 
well as a biomarker of glomerular injury.21 Thus, changes in 
proteinuria level are important for follow-up of the patients on 

treatment.10 Hematuria has been the most controversial risk 
factor for IgAN. In an Asian cohort, hematuria with mild pro-
teinuria was found as a risk factor for progression to ESKD.22 On 
the contrary, in a Japan cohort, it was not found as a risk factor 
for progression.23 Another Japan study showed that while mild 
hematuria (urinary red blood cell (RBC) <30 per high-power 
field) was an independent risk factor for progression, severe 
hematuria was not found as a risk factor.14 So, the importance 
of hematuria is still under debate.

The estimated GFR (eGFR) at diagnosis is a predictor of future 
kidney function in patients with IgAN.5,19 The patients with a 
lower eGFR at presentation are assumed to have less immu-
nological activity and more fibrotic remodeling in the kidneys 
which means most likely they will be unresponsive to the 
immunosuppressive treatment.5 In a Japanese cohort study, 
serum creatinine level at presentation was found to be the most 
important risk factor for IgAN progression.24 In recent studies, 
being male24 and older,23 higher uric acid,23 lower serum albu-
min25 or total protein levels,19 dyslipidemia,26 and obesity27 were 
found as risk factors for IgAN progression.

In 2019, the International IgAN Prediction Tool using eGFR and 
proteinuria at the time of biopsy, systolic blood pressure, dia-
stolic blood pressure, age, usage of angiotensin-converting 
enzyme inhibitor or angiotensin receptor blocker, and immu-
nosuppressive treatment before biopsy to predict progression 
was developed. It encompasses the MEST score that we men-
tion below, as well.5

Histopathologic Markers
Immunoglobulin A nephropathy was first described histologi-
cally in 1968 by Berger28 as intercapillary deposits of IgA-IgG. 
Since then, IgAN can be diagnosed by immunohistological 
examination of a kidney biopsy and is usually characterized by 
mesangioproliferative changes in glomeruli with deposition of 
IgA in the mesangium, although the light microscopical pattern 
may vary widely.4 Many other features may be seen as well and 
4 of them are used in the MEST scoring system identified by the 
2009 Oxford Classification working group.4 MEST score includes 
mesangial hypercellularity (M), endocapillary hypercellular-
ity (E), segmental sclerosis (S), and tubular atrophy/interstitial 
fibrosis (T) and was defined to predict the prognosis of IgAN.5,29 
MEST score determines the risk and time to progression to 
ESKD.4 In 2016, the Oxford classification was revised to include 
cellular and fibrocellular crescents30 and named the MEST-C 
score.4 Risk stratification according to MEST-C score helps cli-
nicians to determine the therapy.4 Endocapillary hypercellular-
ity, a measure of glomerular macrophage accumulation, leads 
to improved outcomes due to responding well to immunosup-
pressive treatment, although there is also contrary evidence.5,31 
The presence of crescents leads clinicians to treat disease with 
cyclophosphamide which improves the outcome4 because non-
treated crescent-containing glomerulus were found associated 
with lower survival.5

MAIN POINTS

•	 There is a need for less invasive, simple, and reproducible 
tests especially by using blood and urine samples, which 
could replace kidney biopsy for glomerular diseases.

•	 Autoantibodies targeting galactose-deficient IgA1, microRNA-
148b, C3 and C4d deposition are promising biomarkers for 
IgAN.

•	 Anti-PLA2R1 is a well-defined biomarker for MN. However, 
NELL-1, serine protease HTRA1, Contactin, THSD7A and kid-
ney tissue EXT1/EXT2 staining are promising novel biomark-
ers for MN.

•	 Anti-CD40 antibodies, podocyte gene expression-based 
assay, hih molecular weight forms of ApoA-1 and CD44 stain-
ing in parietal cells are promising novel biomarkers for FSGS.
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It is not well known if the presence and intensity of IgA, IgG 
co-deposition, and complement C3 deposition in glomeruli is 
able to contribute to the prognostic value of traditional histologi-
cal features yet.32,33 However, Kim et al34 claimed that glomerular 
C3 deposition and the presence of terminal complement complex 
(C5b-9) were correlated with the severity of histological damage 
and independent risk factors for progression. This finding shows  
that complement activation plays a pathogenic role in IgAN. 
Supporting this, Caliskan et al33 found that high levels of mesan-
gial C3 immune staining had a better predictive value for renal 
outcome compared to proteinuria.

Previous work showed that IgA activates alternative pathway of 
complement and complement system can be triggered by lectin 
pathway in IgAN as well.35 Espinosa et al36 found that C4d stain-
ing was associated with the severity of histological damage and 
an independent risk factor for IgAN progression. C4d deposition 
without C1q staining shows lectin pathway activation5 and this 
finding showed that complement activation may be involved in 
the pathogenesis of IgAN.36

Blood Markers
Circulating immune complex development due to IgG and/
or IgA antiglycan autoantibodies against Gd-IgA1 plays a key 
role in the pathogenesis of IgAN.8 Serum levels of Gd-IgA1 have 
been reported to be elevated in patients with IgAN rather than 
healthy individuals.6,37,38 Thus, serum levels of Gd-IgA1 have 
been studied in previous studies to learn whether it is associ-
ated with clinical and histological parameters or not.39 In a 
recent study, the serum Gd-IgA1 level was found to be corre-
lated with eGFR at diagnosis, urine protein creatinine ratio, and 
histological parameters including MEST-C score.39 On the con-
trary, Shimozato et al40 reported that serum Gd-IgA1 levels were 
not associated with the severity of the disease.

The second hit of IgAN pathogenesis is the production of IgA 
or IgG autoantibodies against Gd-IgA15,6; thus, the levels of 
these autoantibodies were studied to understand whether they 
might be used for the diagnosis of IgAN.37,41 In recent studies 
on Japanese and French cohorts, Gd-IgA1-specific IgA and IgG 
autoantibodies were found to be elevated in patients with IgAN 
rather than healthy control populations.37,41 Supporting these 
studies, Suzuki  et  al42 were able to differentiate the patients 
with IgAN from healthy individuals and the other kidney disease 
controls by measuring anti-Gd-IgA1 levels. Berthoux et al41 sug-
gested that there was a correlation between levels of autoan-
tibodies and the progression of IgAN as well. We assume that 
anti-Gd-IgA1 level is a promising biomarker that will be used for 
monitoring disease progression and response to therapy.29

Genetic Markers
Immunoglobulin A nephropathy is most common in Asians, 
moderately prevalent in Europeans, and rare in Africans.43 It 
was reported that associated genetic variants vary between dif-
ferent ethnicities as well.43 Genome-wide association studies 

(GWAS) showed that single-nucleotide polymorphisms (SNP)s 
in alternative complement pathway genes have importance in 
IgAN pathogenesis and prognosis.44 Kiryluk  et  al43 performed 
a GWAS that found 5 loci that are important contributors to 
IgAN and used them for the calculation of genetic risk score 
for IgAN. Among the 5 loci, Chr.1q32 (CFHR3/R1 locus) encodes 
complement factor H (CFH), CFH-related protein 1 (CFHR1), 
CFHR2, and CFHR3.43 The combined deletion of CFHR1 and 
CFHR3 genes reduced the risk of IgAN.44 Another GWAS per-
formed by Kiryluk  et  al45 also showed 6 new genome-wide 
significant signals including known SNPs in the HLA-DQB1 and 
alfa defensins.

MicroRNAs (miRs) are non-coding oligonucleotides that 
suppress gene expression and have a pathophysiological 
role in IgAN.46 MicroRNAs were found to be associated with 
Gd-IgA1 levels,47 glomerular inflammation, fibrosis,48 and 
endocapillary hypercellularity.49 In a recent study, upregulated 
microRNAs were shown by microarray analysis in peripheral 
blood mononuclear cells of IgAN patients. MicroRNA-148b 
was found to be associated with the glycosylation process of 
IgA1 by regulating the enzyme core 1 beta-1,3-galactosyltrans-
ferase 1. Its expression levels changed significantly between 
Caucasians and East Asians irrespective of the disease sta-
tus.50 These results suggest that miR-148b could be considered 
as a specific biomarker.

MEMBRANOUS NEPHROPATHY
Membranous nephropathy is the most common cause of adult-
onset non-diabetic nephrotic syndrome.51-54 Traditionally, 
diagnosis is based on the histologic pattern of kidney biopsy52 
including thickening of the glomerular basement membrane 
with spikes and holes, and podocyte effacement with subepi-
thelial immunocomplex deposits consisting of autoantibod-
ies, especially IgG4 targeting podocyte autoantigens.51,52,55,56 
The prognosis of MN is variable.55 While one-third of patients 
with MN are followed with spontaneous complete remission, 
the other one-third of patients develop ESKD.55 This dilemma 
should be solved with early and accurate prediction of progno-
sis to allow early treatment of high-risk patients and to avoid 
unnecessary exposure of therapy in low-risk patients. A delay 
in treatment may result in complications of the nephrotic syn-
drome such as thrombosis and infections as well.57 Hence, we 
aimed to highlight the importance of the newer biomarkers 
used in the management of MN.

Clinical Markers
Nephrotic range proteinuria is seen in 70%-80% of patients 
with MN.53 Patients with nephrotic syndrome at diagnosis 
of MN are related to a lack of complete remission on follow 
up.51 Ghiggeri et al51 showed that patients with the nephrotic 
syndrome had more worsening kidney function after anti-
proteinuric treatment rather than the patients with MN with-
out nephrotic syndrome at diagnosis. Although patients 
with nephrotic syndrome have a poor prognosis, the level 
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of proteinuria did not help to discriminate between those 
patients with a poor prognosis or with a better outcome.57 
Proteinuria does not always reflect MN activity because a 
change in proteinuria may be seen after several months of 
a change in immunologic activity.58 Proteinuria may reflect 
irreversible damage on podocytes without disease activity 
as well.58 According to all these factors, the clinical course of 
idiopathic MN is predicted by using initial proteinuria levels,59 
and it is well known that patients with limited proteinuria have 
favorable prognosis.57

Toronto risk score, a prediction tool created by Cattran et al,57 is 
calculated with 24-hour creatinine clearance at diagnosis, the 
slope of creatinine clearance over 6 months, and the level of 
proteinuria during 6 months period of maximum proteinuria 
and predicts MN prognosis with 90% accuracy.53

Histopathologic Markers
Traditional histopathologic staging of MN is not well correlated 
with the prognosis of MN.60 Even though glomerular C4d stain-
ing may reflect disease activity,61 there is a need for prognos-
tic histological markers. Membranous nephropathy could be 
primary or secondary to malignancies, autoimmune diseases, 
drugs, and chronic infections in 20% of the patients with MN.55,56 
In primary MN, most patients have autoantibodies directed 
against podocyte antigens detected in plasma or kidney tissue.55 
Phospholipase A2 receptor 1 (PLA2R1), neural epidermal growth 
factor-like protein, and thrombospondin type 1 domain-contain-
ing 7A (THSD7A) are tissue markers that could be detected in the 
immune deposits on kidney biopsy specimens of MN patients by 
immunohistochemical and immunofluorescence staining.52

Although PLA2R1 staining is seen with primary MN more com-
monly, some cases such as sarcoidosis, hepatitis C virus infec-
tion, malignancies may also show PLA2R1 antibody staining on 
biopsy.52 In some MN cases, serum anti PLA2R1 antibody may 
be falsely negative which is explained by the “kidney as a sink” 
phenomenon when antibodies bind to the antigen on podo-
cytes. When antibody production exceeds the buffering capac-
ity of the kidney, anti-PLA2R1 antibodies can be detectable 
in serum.56 The inverse scenario is uncommon and suggests a 
technical artifact.56 Recently, 2 new autoantigens were identi-
fied, exostosins 1 and 2 (EXT1-EXT2).51,52 The main difference 
is that exostosins are more present in secondary MN such as 
class 5 lupus nephritis.51,52 EXT1 and 2 are tissue markers that 
could be detected by immunohistochemical and immuno-
fluorescence staining on kidney biopsy. There is limited data 
to recommend screening malignancies when biopsies show 
EXT1-2 staining.52 Autoimmune diseases are common in this 
group of patients.62 In a recent study, EXT 1 and 2 were detected 
in 21 of 224 patients with PLA2R1-negative MN but not in all 
47 PLA2R1-associated MN. Tests in 7 patients with EXT1/EXT2-
associated MN did not show any circulating antibody against 
exostosin.62

Blood Markers
Glomerular biomarkers contribute to the diagnostic and thera-
peutic approach of GN and permit clinicians to monitor disease 
activity and responsiveness to therapy although kidney biopsy 
is the gold standard for the diagnosis of GN.52,56

In MN, some biopsy findings can help to differentiate primary 
from secondary causes. These findings include histologic pat-
terns such as intramembranous, mesangial deposits, and full 
house pattern, particularly in systemic lupus erythematosus, 
suggesting secondary causes.52,56 Validated biomarkers are 
needed to be used because kidney biopsy is invasive, can not 
always differentiate between primary or secondary GNs, and 
has limitations to reflect disease activity.52 Biomarker discovery 
in MN has started with the identification of circulating auto-
antibodies against PLA2R1 in 2009 that was found in 70% of 
patients with primary MN.53 More recently, THSD7A was found 
in 1%-5% of patients with primary MN.52 Autoantibodies against 
membrane-bound podocyte antigens aldose reductase, super-
oxide dismutase 2, and alfa enolase were also characterized.51

Recent studies showed anti-PLA2R1 antibodies are highly spe-
cific (%100) and sensitive (96.5%) to MN.52,53,56 Anti-PLA2R1 auto-
antibody titers are correlated with proteinuria, chronic kidney 
disease outcomes, response to therapy, and relapses.52,56,63 The 
absence of anti-PLA2R1 at the time of biopsy increases the risk 
of malignancy-related MN.64 The anti-PLA2R1 antibody may 
be detected in patients with sarcoidosis and hepatitis B virus 
(HBV)-related MN with a high prevalence.53 If eGFR is higher 
than 60% of baseline level and secondary causes of MN are 
excluded, a biopsy may not be necessary for PLA2R1-positive 
patients with MN.52 Monitoring anti-PLA2R1 antibodies while 
therapy is the current recommended approach for evaluat-
ing the role of PLA2R1 during MN treatment course.52 In addi-
tion, in a study, more immunosuppressive medication-related 
adverse effects were seen in patients with positive anti-
PLA2R1 antibody MN rather than negative of those.65 High titer 
of anti-PLA2R1 antibodies is found to be associated with epi-
tope spreading that is thought to be related to the resistant 
disease.52 Ghiggeri  et  al51 showed that epitope spreaders had 
higher anti-PLA2R1 titers and were also more positive for intra-
cellular autoantigens. Among anti-PLA2R1 antibody-positive 
patients, epitope spreading was found to be associated with a 
risk of lower GFR at diagnosis and 12 months after diagnosis as 
well.51

Neural epidermal growth factor-like 1 protein (NELL 1), auto-
antigen more present in primary MN, could be found in 16% 
of anti-PLA2R1-negative MN patients. When NELL 1 is found in 
serum or tissue, malignancies should be screened because the 
frequency of malignancy in NELL 1-positive cases is 33%.66 In a 
recent study, NELL 1-positive cases of MN had unique histopa-
thology with segmental to incomplete IgG capillary loop stain-
ing (93%) and dominant or co-dominant IgG1 subclass staining 
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(95.5%).66 It is the second most common antigen in primary MN, 
but it is not commercially available in practice.52

Thrombospondin type 1 domain-containing 7A is the third most 
common antigen with a rate of 1%-5% of primary MN and 10% 
of PLA2R1-negative MN.52 Serum THSD7A is highly specific and 
sensitive for MN,67 as 100% and 92%, respectively.52 In positive 
THSD7A cases, the rate of malignancies is as high as 6%-20%; 
hence, aggressive screening for malignancies should be done 
specifically for the urogenital and gastrointestinal system 
because THSD7A is expressed in human tumors as well.52 After 
treatment for malignancies, THSD7A and proteinuria levels can 
reduce.52 In contrast, some studies claim that there is no cor-
relation between THSD7A and proteinuria levels.53 Higher titers 
of anti-THSD7A antibodies correlate with a lower remission rate 
and higher disease activity.52 Anti-THSD7A antibody is associated 
with recurrence after transplantation as well.53 Serine protease 
HTRA1 is a novel antigen in idiopathic MN. Anti-HTRA1 antibod-
ies can be detected in primary MN. In a recent study, high titers 
of anti-HTRA1 antibodies were found to be correlated with dis-
ease activity.68 Recently, several antigens have been identified 
including contactin-1 (CNTN1). Anti-CNTN1 antibodies precipi-
tate in both autoimmune neuropathy and MN.69 The presence 
of CNTN1 protein and antibodies in both peripheral nerve and 
diseased glomeruli, as well as the temporal correlation of these 
disorders, is an evidence for a common antibody-mediated 
pathological process.

FOCAL SEGMENTAL GLOMERULOSCLEROSIS
Focal and segmental glomerulosclerosis (FSGS) is a podocyto-
pathy70 which is the cause of 40% nephrotic syndrome cases in 
adults and 20% in children.71 Focal and segmental glomerulo-
sclerosis is classified into 2 forms: primary or idiopathic FSGS 
and secondary FSGS which includes genetic, adaptive, medica-
tion-associated, infection, and inflammation-associated FSGS.71 
Primary FSGS is thought to be caused by a permeability factor 
that damages the podocytes.71 A patient with primary FSGS 
usually presents with edema, severe hypoalbuminemia, and 
nephrotic-range proteinuria. Kidney biopsy specimens by elec-
tron microscopy show foot process effacement of podocytes.72 
It is not easy to differentiate primary FSGS from secondary 
forms and also from other glomerulopathies such as minimal 
change disease (MCD).73 The biopsy obtains only a small portion 
of the kidney, and if the affected portion of the kidney is not 
sampled,2 it is not always possible to diagnose FSGS because 
initially lesions are confined to a limited number of glomeruli 
and they are segmental.72 Therefore, several studies have been 
conducted on biomarkers to distinguish between primary FSGS 
and all these entities that we discuss in this review.

Clinical Markers
Medical history and a careful examination are needed to dif-
ferentiate primary (idiopathic) FSGS from secondary forms. 
The distinction is important because while the treatment of 
secondary forms of FSGS (except genetic forms) is the cure of 

underlying disease, primary FSGS requires an immunosuppres-
sive regimen.74 Therefore, many studies have been focused on 
the clinical biomarkers for FSGS.

Patients with FSGS always present with proteinuria. While 
patients with primary FSGS usually have nephrotic range 
proteinuria (>3.5 g/day/1.73 m2) with severe hypoalbumin-
emia, the patients with secondary forms of FSGS present with 
either subnephrotic or nephrotic range proteinuria and do not 
develop complete nephrotic syndrome despite the presence 
of nephrotic range proteinuria. Kidney failure develops more 
in patients with primary FSGS than others.75 Genetic forms of 
secondary FSGS are an exception that may have a very aggres-
sive course resulting in ESKD and are associated with extrarenal 
findings.76

Histopathologic Markers
Focal and segmental glomerulosclerosis is a histological term 
that means segmental (in parts) and focal (of some) sclerosis 
of glomeruli. Thus, it is important to obtain representative 
biopsy specimen.74 Focal and segmental glomerulosclerosis 
histological findings are classified into 5 subtypes according to 
the Columbia classification77: perihilar, tip, collapsing, cellular, 
and not otherwise specified.78 Collapsing variant is associated 
with poor prognosis, whereas the patients with tip variant have 
the best outcome.79 These biopsy findings detected by light 
microscopy77 may not be seen in the early phase of FSGS, so 
electron microscopy should be done to diagnose. Diffuse foot 
process effacement (FPE) >80% of the analyzed podocitary 
surface may let us think that the disease is primary FSGS or 
MCD, whereas <80% FPE is most likely associated with second-
ary FSGS.80

Podocyte loss is the main feature of glomerulosclerosis. It has 
been suggested that activated parietal epithelial cells can tran-
sition to podocytes and thus can have a role in the pathogenesis 
of glomerulosclerosis. Increased expression of CD44 which is a 
marker for activated parietal epithelial cells81 in biopsy speci-
men is correlated with sclerosis,82 thus CD44-positive staining in 
the glomerular parietal cells is associated with FSGS.83 Although, 
it still remains unclear whether parietal epithelial cell activation 
contributes to the pathogenesis of sclerosis in idiopathic FSGS 
or is a regenerative response to podocytes’ injury.81

Blood Markers
It has been thought that a circulating permeability factor causes 
primary FSGS, and many studies have been focused on that.74,84 
One of the most promising permeability factor candidates is 
the soluble urokinase-type plasminogen activator receptor 
(suPAR).85,86 In a study, suPAR levels were lower in healthy indi-
viduals than patients with glomerular diseases, whereas suPAR 
levels were not significantly different between the patients with 
FSGS and other glomerular disease controls.84 As a high suPAR 
level has been suggested as a risk factor for the progression 
of chronic kidney disease, it is also related to poor outcomes 
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in patients with FSGS.87 The role and importance of intact and 
cleaved forms of suPAR remain controversial.84

An additional circulating factor, anti-CD40 autoantibody, has 
been implicated in the pathogenesis of FSGS which is involved 
in immunity and inflammation.88 Pretransplant serum anti-
CD40 levels were associated with post-transplant FSGS recur-
rence with 78% accuracy.89 Further studies are needed to 
confirm this result. As FSGS involves ongoing podocyte injury 
and death, mRNA profiling of cultured podocytes with plasma 
from patients with recurrent FSGS showed upregulated genes 
involved in podocyte injury. Three upregulated genes (IL1β, 
BMF, and IGFBP3) were selected and transfected into podo-
cytes. When these podocytes were exposed to plasma from 
patients with recurrent FSGS, the increased specific response 
was seen contrary to those of non-recurrent FSGS. The assay 
diagnoses FSGS patients with high sensitivity and specificity.90

Urine Markers
Diagnostic protein biomarkers available in urine provide a non-
invasive way for the diagnosis of FSGS.91 The synthesis of ApoA-
1, the main protein in high-density lipoprotein,92 is increased 
with the severity of the nephrotic syndrome.93 In a recent study, 
many patients with the diseases including tubulopathies, renal 
dysplasia/congenital anomalies of the kidney and urogenital 
tract, GN, and nephrotic syndrome in relapse, especially with 
FSGS, had increased urinary ApoA-1 isoforms.92 In addition, 
urinary ApoA-1b, a high molecular weight form of ApoA-1, was 
found to be associated with the recurrence of FSGS with high 
specificity and sensitivity94 although the role of ApoA-1b has not 
been well understood yet.

MEMBRANOPROLIFERATIVE GLOMERULONEPHRITIS
Membranoproliferative GN has been classified into 3 sub-
groups: type I, II, and III which are characterized by immune 
deposition in the subendothelial space and mesangium, C3 
deposition within the mesangium and in the basement mem-
brane, and a variant of type I, respectively.95 In an expert meet-
ing in 2012, MPGN was re-classified into 2 subgroups: immune 
complex-mediated MPGN (IC-MPGN) and complement-medi-
ated GN.96 In other words, type I and III MPGN were renamed 
as IC-MPGN and type II MPGN as complement-mediated GN, C3 
glomerulopathy (C3G).95 C3G was classified into 3 subgroups: 
dense deposit disease (DDD), C3 GN, and complement factor 
H-related protein 5 (CFHR5) nephropathy97 which are related to 
abnormal activation of alternative complement pathway and 
abnormal C3 deposition in the glomeruli.95,98 Assessment with 
a kidney biopsy, complement system components, and genetic 
tests have been focused on making an accurate diagnosis.95

C3 GLOMERULOPATHY

Histopathologic Markers
Diagnosis of the primary IC-MPGN and C3G depends on immu-
nofluorescence staining on the kidney biopsy specimen.99 C3G 

is divided into 3 major subgroups, (i) DDD is characterized by 
intramembranous dense osmophilic deposits, (ii) C3 GN could 
be differentiated from others with the C3 deposits in mesan-
gial, subendothelial, and subepithelial areas of glomeruli, and 
(iii) CFHR5 glomerulopathies is caused by a genetic variant of 
CFHR5 gene.97

C3 staining with the absence or low presence of immunoglobu-
lins and classical complement pathway components is detected 
by the immunofluorescence on a kidney biopsy of the patients 
with C3G.100 C3 has a major role in complement activity with its 
proteolytic cleavage first generating C3a and C3b, followed by 
inactivation of C3b generating iC3b (which includes C3α and 
C3β), which undergoes further breakdown yielding C3c and ter-
minal breakdown fragment C3dg.101 In a recent study, C3dg was 
detected as a major fragment of C3 in glomeruli.101 However, 
there was no difference found on C3dg staining between DDD 
and C3 GN cases.101 It is also noteworthy that routine immuno-
fluorescence studies can miss the deposition of C3dg. Thus, the 
detection of C3 is limited.101 It would be unclear whether C3dg is 
correlated with disease activity or not.

The factor H protein family includes 5 factor H-related pro-
teins (FHR1-5), which are thought to act as positive regulators 
that promote complement activity and are named because 
of their structural similarity to factor H. A recent finding was a 
high prevalence of FHR5 in glomeruli with C3G.102 Glomerular 
FHR5 staining intensity was positively correlated with disease 
severity103 and worse kidney function.99 Where FHR5 staining 
intensity was high, the presence of a membranoproliferative 
pattern and staining intensity of C3 activation products were 
also found high there.102

Genetic Markers
Abnormal control of complement activation as a result of 
acquired and genetic complement abnormalities104 causes pre-
dominant C3 fragment deposition within the glomerulus and 
causes glomerular injury.105 One of these mutations, CFHR5 
mutation, is associated with a familial form of C3G, known as the 
CFHR5 glomerulopathy103 which is caused by an internal dupli-
cation of exons 2 and 3 of the CFHR5 gene. In recent years, the 
effect of the mutations on the patients with the atypical hemo-
lytic uremic syndrome, IgAN, and MPGN have been explored, but 
the pathophysiological role is still under debate.106 The patients 
with CFHR5 mutations present with macroscopic hematuria and 
kidney failure.106 Therefore, the clinical course is occasionally 
confused with IgAN.107 In a previous study, it was demonstrated 
that CFHR5 mutations led to C3G by disrupting the homeostatic 
regulation of complement within the kidney.108 Interestingly, in a 
study, low FHR5 levels and the presence of CFHR5 variations were 
found in the patients with good renal outcome. Specific forms of 
FHR5 protein can be disease-modifying. However, the role of mis-
sense variations and frameshift mutations has still not been well 
known.106 This pathway needs further evaluation to find out FHR5 
targeting treatment on complement-mediated kidney injury.108
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CONCLUSION
This review aimed to identify current biomarkers associated 
with primary GN. Although kidney biopsy is still the gold stan-
dard for diagnosis, it is an invasive and potentially risky proce-
dure that can not be routinely performed to guide the therapy 
closely. Therefore, the diagnoses and management of GN are 
based on blood, urine, and genetic markers as well as clinical 
and histological features. Reproducibility to get information on 
the severity of the disease, the likelihood of benefit of a given 
therapy, and to identify treatment responders provide insight 
into the underlying pathophysiology and guide the treatment. 
Overall, although there are promising biomarkers for GN, long-
term evaluation of these biomarkers is still needed.
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