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Abstract

Introduction: Most forms of human glomerulonephritis (GN) result from immunologic mechanisms that are
mediated by the actions of multiple elements of both the innate and adaptive immune systems, thereby resulting in
different clinical manifestations. The treatment of immune-mediated kidney disease is based on steroids and
immunosuppressive drugs that interfere with the immune processes. These groups of drugs have led to significant
benefits, but severe side effects are still frequent. Monoclonal antibodies directed against molecules of inflammation
or several cellular components have emerged in clinical practice. Plasmapheresis and new methods to reduce the
risks associated with the procedure with standard therapies may be combined. Moreover new therapeutic options
have been proposed, as the use of natural anti-inflammatory cytokines or intracellular signaling reducing
inflammation.

Materials and Methods: We conducted a systematic review on the pathogenetic mechanisms of
glomerulonephritis and their therapies.

Results: We analized all RCTs and quasi-RCTs evaluating the current knowledge about pathogenetic
mechanisms of glomerulonephritis and related therapy were considered.

Conclusion: The pathogenetic mechanisms of glomerulonephritis are complex and strongly influenced by
immunogenetic factors. Several clinical trials to identify the best therapeutic options for glomerulonephritis have
been conducted, but currently, although significant advancements over the last 10 years have been obtained,
important questions are still unanswered. Moreover, we need to consider many and important side effects that have
the main therapies for glomerulonephritis. Therefore the development of a web enabled data base to assist
nephrologists for the treatment of patients with glomerulonephritis is strongly suggested.

Keywords: Glomerulonephritis; Therapy; Plasmapheresis;
Nanotechnology

Introduction

Pathogenesis of glomerulonephritis
A large body of clinical, immunological, and experimental data

supports the hypothesis that most forms of human glomerulonephritis
(GN) result from immunologic mechanisms [1]. The etiology in
human GN is largely unknown with the exception for infectious
agents, such as B-hemolytic streptococcus in poststreptococcal GN, or
hepatitis C virus in cryoglobulinemic membranoproliferative
glomerulonephritis (MPGN). Many agents cause GN by inducing loss
of tolerance to self-antigens and mechanisms like epitope spreading
and molecular mimicry, rather than by a direct immune response to a
foreign etiologic agent, as experimentally-observed with serum
sickness. The pathogenetic mechanisms of glomerulonephritis are
numerous and complex, involving both humoral and cell-mediated
immune responses. The nature of the immune responses which leads
to GN are strongly influenced by immunogenic phenotypes. The most

common cause of glomerulonephritis is deposition of immune
deposits (antigen-antibody complexes) to the level of the glomerular
basement membrane. These may be linear (disease by anti-basement
membrane) or granular deposits on the capillary wall (sub-endothelial
deposits, as in the mesangium-capillary glomerulonephritis type I) or
in the mesangium (IgA glomerulonephritis) or also on the epithelial
side of the basement membrane (membranous glomerulonephritis)
[2]. Deposition of immune complexes is followed by an inflammatory
response with activation of the cascade of the complement factors
[1,3]. Indeed, there is a severe inflammation, as occurs in vasculitis
(ANCA positive necrotizing glomerular nephritis) [4] without the
deposition of immune complexes. When inflammatory changes occur,
for example, glomerular hypercellularity is due to infiltrating
hematopoietic cells (such as neutrophils and macrophages),
proliferating glomerular cells or both. These effector cells induce other
abnormalities, such as thrombosis, necrosis and crescent formation
that may result in rapidly progressive renal insufficiency and nephritis.
By comparison, non-inflammatory lesions resulting from immune
injury usually involve the podocyte as the major effector cell and are
associated with a major functional change of the glomerulus (usually
an increase in protein permeability), but without light microscopic
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evidence of damage. This event most commonly results in proteinuria
and in the nephrotic syndrome and may lead to glomerular sclerosis
[1]. The nephritogenic immune response exhibits both humoral and
cellular components. In both cases, macrophages and T lymphocytes
play a key role: macrophages activated by T cells release inflammatory
substances (cytokines, oxidizing substances, etc.) and trigger the
processes that favor fibrosis. The humoral or T helper cell 2 (Th2)-
regulated, immune response leads to immunoglobulin deposition
formation and complement activation in glomeruli. The cellular or T
helper cell 1(Th1)-regulated, immune response contributes to the
infiltration of glomeruli by circulating mononuclear inflammatory
cells (including lymphocytes and macrophages) [1,5] and crescent
formation. The choice of the drug in the treatment of glomerular
nephritis is influenced by the pathogenic mechanisms and therefore
should be an informed decision.

Treatment of Glomerulonephritis
The treatment of GN is still empirical and aimed to:

•Reduce blood pressure, especially if the patient with proteinuria
[6,7].

•Reduce the proteinuria, by ACE or Angiotensin (ANG II)
inhibitors [7-9].

•Use steroids (membranous GN, focal glomerulosclerosis, IgA
nephropathy deposits) [10-12].

•Use immunosuppressants (cyclosporine and mycophenolate),
often with no defined guidelines.

The treatment of GN should be mainly based on the use of
molecules that interfere with the immune mechanisms that determine
kidney disease [13]. The classes of drugs historically used are steroids,
immunosuppressive and calcineurin inhibitors associated with
plasmapheresis [1].

Steroid therapy
Corticosteroids are involved in a wide range of physiological

processes, including stress response, immune response, and regulation
of inflammation, carbohydrate metabolism, protein catabolism, blood
electrolyte levels, and behavior. Corticosteroids are powerful anti-
inflammatory drugs used to suppress the effects of the immune
response of any origin: autoimmune diseases, allergy or transplant
rejection. One of the most commonly used is prednisone, synthetic
analogue of cortisol presenting mineralocorticoid action in addition to
the glucocorticoid effect [14]. In plasma, cortisol is linked to
corticosteroid binding protein (CBG) and albumin, and prednisone
circulates free or weakly bound to albumin. The important anti-
inflammatory and immunomodulatory effects of GCs are
predominantly mediated by genomic mechanisms. Glucocorticoids, as
lipophilic substances, passively diffuse through the cell membrane and
bind the glucocorticoid receptor binding (GBR), ubiquitously
expressed, ultimately inducing (“transactivation”) or inhibiting
(“transrepression”) the regulator proteins synthesis [15,16]. The
mechanisms of action of steroids depend from the dosage used. Higher
dosages increase GBR saturation in a dose-dependent manner, which
intensifies the therapeutically relevant genomic actions. Increasing
dosages induce additional and qualitatively different non-specific non-
genomic effects of GCs. When used at high doses, the complex binds
to DNA sequences named Glucocorticoid Responders Elements
(GRE), facilitating or inhibiting the assembly of proteins and initiating

transcription of RNA polymerase II [16,17]. At a lower dose,
corticosteroids block the transcriptional activity of Nuclear Factor kB
(NF- KB) inhibiting the production of inflammatory cytokines, such as
TNF-alpha and IL- 1, adhesion molecules and complement factors.
The genomic action is slow and significant changes in regulator
protein concentrations before 30 minutes are not observed because of
the time required for GBR activation/translocation, transcription, and
translation effects [18,19]. The third is the "Non-genomic mechanisms
of action", which is represented by the direct activation of enzymes
cascade through second messengers and arise within a few seconds or
minutes. These effects justify the rapidity of the pharmacological
response which is not related to interference with the genes
transcription. High doses of steroids lead to a direct cytolytic effect of
T and B cells. This is the rationale for the use of high doses of steroid
in rapidly progressive glomerulonephritis, where the timeline of
therapy is crucial and the use of cortisone is a common practice. The
direct effects of steroids on transcription are mediated by the
reduction of the synthesis of IL-8, which is responsible for the
migration of neutrophils into sites of inflammation, by binding and
blocking of the promoter of IL-1 α and IL-β synthesis and inhibition of
the synthesis of most of the pro-inflammatory cytokines. The use of
the steroids is associated with the presence of a neutrophil leukocytosis
due to the decrease of migration into sites of inflammation and the
inhibition of apoptosis. The human glucocorticoid receptor gene is
located on chromosome 5q 31-32 [20], but some variants in humans
exist, so it is possible to observe the expression of both the GRP α and
β. This genetic heterogeneity, by altering the metabolic processes, can
provide the rationale of the extreme variability of the effects of steroids
that can be observed. In vitro studies demonstrated that, when type B
cells are more expressed, there is a greater resistance to
glucocorticoids. Furthermore, pro-inflammatory molecules such as
cytokines TNFα and IL-1 have the ability to up-regulate the receptor β
in cells during inflammation. Daily administration of a single dose of
prednisone does not suppress the cortisol circadian peak on the next
morning; however, the toxicity may still occur in long-term therapies
for interference with the hypothalamic-pituitary-adrenal axis [21]. The
side effects can be numerous and very serious and occur when patients
receive more than 20 mg per day, for more than three weeks. High
blood pressure that is observed in patients may be related to increased
fluids and sodium retention or an excessive response to angiotensin II
for overexpression receptors. Steroid-induced osteoporosis may be a
side-effect of long-term corticosteroid use. Indeed, the GRE inhibits
osteocalcin transcription in the osteoblasts. Osteocalcin is a major
extracellular matrix protein that promotes bone mineralization. By
suppressing immune reactions steroids may cause infections.
Glucocorticoids promote gluconeogenesis and lipolysis with an
increased susceptibility to hyperglycemia, insulin resistance and
diabetes mellitus. Chronic use of glucocorticoids may predispose to
cataract and retinopathy. The negative effects of steroids use can be
devastating in children causing growth retardation. Especially in
children and in older adults it should be considered the possible
development of neuropsychiatric disorders [22]. The rapid
suppression of the hypothalamic-pituitary adrenal insufficiency can
result in clinically significant side-effects when the drug is suddenly
stopped or during stress. Therefore, in the case of suspension, the drug
should be gradually reduced observing caution. Considering these
several side effects, steroids should be administered at the lowest dose
for the shortest time possible, considering, however, that a suspension
with an early recurrence of the disease can often occur. In the future it
is hoped to use elective glucocorticoids modulating specific
transcriptional effects [23].
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Immunosuppressive therapy
Immunosuppressant drugs present different modalities of action.

Particularly, the alkylating agents alter DNA, azathioprine is an
antimetabolite and mycophenolate mofetil acid prevents the synthesis
of purines. The final effect is the reduction in cell reproduction and in
particular in the release of cytokines and chemokines.
Immunosuppressive therapy has led to excellent results in the
treatment of kidney immune diseases. This is highlighted by the
excellent clinical results obtained with steroids use in lupus nephritis,
especially with the introduction of high-dose steroid boluses and / or
cyclophosphamide. Excellent results were also achieved with the use of
cyclophosphamide in ANCA-associated necrotizing vasculitis [24,25].
However, the limitations of immunosuppressive therapy are still
present. The immune-mediated diseases of the kidney are due to the
coexistence of several pathogenic mechanisms and the use of drugs
with different actions is justified by their ability to interfere with the
various mechanisms of the immune system [26].

Alkylating agents
Alkylating agents are compounds able to insert alkyl groups within

the macromolecules of organic compounds such as, for example,
proteins and DNA. These agents cause mismatches and breakage
inside of the filaments, which can generate errors during cell
replication and determine a "genotoxic effect" with enhanced toxicity
in cell reproduction [27]. B lymphocytes and, to a lesser extent, T
lymphocytes are particularly sensitive to these agents.
Cyclophosphamide (CYC) is the alkylating agent used for most
inflammatory disorders. Chlorambucil is used in patients who cannot
tolerate CYC, particularly in those who develop bladder toxicity. The
ability of these drugs to interfere with cell reproduction provides the
rationale for their use in the therapy of diseases associated with cell
proliferation, as occurs in proliferative glomerulonephritis intra and
extra capillaries. It is a prodrug that is converted by liver cytochrome
P450 (CYP) enzymes to its active form, the metabolite 4-hydroxy
cyclophosphamide, mustard fosforamide, which interferes with DNA
synthesis by blocking replication and transcription [28]. The 4-
hydroxy-cyclophosphamide is rapidly converted to its tautomer
aldofosfaramide and both of these metabolites diffuse passively outside
of hepatocytes, circulate in the plasma and enter passively into all
other cells. The aldofosfaramide is an unstable compound that,
through a non-enzymatic reaction, produces fosfaramide mustard and
acrolein, which is mainly responsible for the toxicity bladder. In
plasma, the active metabolites are linked to plasma proteins and are
distributed in all tissues, including the brain and spinal cord, cross the
placenta and are also found in breast milk. Both active and inactive
metabolites are excreted through the urine in about 48 hours and the
dose should be appropriate to the degree of renal function. It is the
mustard fosfaramide to be clinically responsible for the
pharmacological effects; therefore, the ability to generate intracellular
mustard fosfaramide from aldofosfaramide is fundamental to achieve
the therapeutic result. The cell is equipped with its own detoxification
mechanisms. The complexity of these mechanisms of production of
active metabolites from the drug administered, together with
sophisticated systems of organism detoxification, justify the inter-
individual variability of therapeutic response and side effects. In
addition, some differences could be due to polymorphism in the CYP
enzymes. There are numerous studies on the association between
CYP3A4 and 3A5 genotypes and response or survival in patients
treated with cyclophosphamide [29]. Cyclophosphamide has severe

and life-threatening adverse effects, including acute myeloid leukemia,
bladder cancer, hemorrhagic cystitis, and permanent infertility,
especially at higher doses. Cyclophosphamide, in fact, causes bone
marrow suppression in a dose-dependent manner. Patients should be
subjected to a control of complete bi-weekly, and the dose should be
adjusted to number of white blood cells, whereas the granulocytopenia
in the context of glomerulonephritis is not a purpose of the therapy.
Lymphopenia is accentuated by concomitant steroid therapy, and in
the course of lupus nephritis, must be differentiated from recurrence
of the disease. Typically, the toxic effect on other components of the
bone is less and anemia, and thrombocytopenia are less frequent. In
order to prevent side effects due to the renal elimination of the drug
and its metabolites, it is recommended hydration and concomitant
administration of mesna (sodium 2 mercaptoetano sulfonate), which
binds acrolein inactivating them. It can be administered either orally
or intravenously, both effective in preventing the onset of hemorrhagic
cystitis and in reducing the incidence of cancers of the bladder. Oral
absorption is rapid. Oral administration usually corresponds to daily
dosing and intravenous use to intermittent dosing (eg, every three to
four weeks), but some exceptions exist. For example, extremely ill
patients who are unable to ingest medications orally may receive daily
doses of CYC via the intravenous route, at the same doses they would
otherwise receive orally. It is useful as a preventive administration of
CYC in the morning, to avoid stagnation of the drug in the bladder.
Other common side effects are nausea, hair loss and hyponatremia for
inappropriate ADH secretion. These effects generally occur for the
higher doses of 30-40 mg per day. Sometimes, it is necessary to
consider antibiotic therapy with trimethoprim-sulfamethoxazole for
prophylaxis of Pneumocystis infections cute, in patients at risk [30].

Antimetabolites

Azathioprine
Azathioprine is a purine analogue and is administered as a prodrug

of 6-mercaptopurine, which is an inhibitor of purine synthesis. The
active molecule interferes with DNA synthesis by blocking the de novo
formation of the purines, with the final result of inhibiting cell
proliferation. The T and B lymphocytes are particularly sensitive to
blockade of purines, as they have no alternative enzymatic pathways
“rescue ". It follows a block both cell-mediated immunity that humoral
immunity, with a reduction of the production of antibodies [31].
Azathioprine (AZA) is a prodrug, that is well absorbed from the
gastrointestinal and is quickly converted by 90% to 6-mercaptopurine
(6-MP) by a nonenzymatic nucleophilic attack by sulfhydryl-
containing compounds, such as glutathione or cysteine, present in red
blood cells and other tissues. 6-mercaptopurine is then metabolized in
the liver and enzymatically converted into 6 tiourico acid by xanthine
oxidase and Thiopurine-S-methyltransferase. Therefore, the plasma
levels of catabolites of azathioprine may increase, if it is simultaneously
administered allopurinol, which blocks xanthine oxidase. In these
cases, it should be a reduction in the dose of azathioprine in order to
prevent toxic effects. The therapeutic efficacy, bone marrow toxicity,
and liver toxicity of azathioprine and 6-mercaptopurine may be
related to their metabolites: 6-thioguanine and 6-
methylmercaptopurine. Toxic effects of azathioprine and its
metabolites are primarily in the bone marrow with leukopenia,
thrombocytopenia and anemia and will be more susceptible to
infection; regular monitoring of the blood count is recommended
during treatment. Nausea and vomiting are common adverse effects,
especially at the beginning of a treatment. Side effects that are
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probably hypersensitivity reactions include dizziness, diarrhea, fatigue,
and skin rashes. Excretion is mainly renal and is also deleted a portion
of mercaptopurine and drug unchanged. Azathioprine, in the context
of immune renal diseases, is mainly used in the phases of maintenance
rather than in the induction therapy, where higher doses are required
and therefore more toxic drug. Its use is still burdened with significant
toxicity, so that, in recent years, its use was reduced. The comparison
studies, performed both in ANCA associated vasculitis that in lupus
glomerulonephritis, including AZA and mycophenolate mofetil
(MMF) have reported equivalent results in terms of effectiveness, but
most of the toxicity of AZA compared with MMF [1,32-36].

Mycophenolate mofetil
Mycophenolate mofetil is a powerful inhibitor of lymphocyte

proliferation. The drug is rapidly hydrolyzed after absorption to
mycophenolic acid, its active metabolite, which is a potent, selective
non-competitive reversible inhibitor of the enzyme inosine
monophosphate dehydrogenase (IMPDH) and, therefore, inhibits the
conversion of hypoxanthine guanine, which cannot be incorporated
into DNA. The selective inhibition of de novo synthesis of purines is
critical for the proliferation of B and T lymphocytes. Only free
mycophenolic acid is believed to be pharmacologically active. In
general, 97 percent of mycophenolic acid is bound to albumin. This
percentage is decreased in the setting of hyperbilirubinemia, therefore,
the levels of free mycophenolic acid, may be increased in patients with
hepatic dysfunction or hypoalbuminemia. The pharmacological effects
are multifarious [1]. The MPA suppresses the formation of antibodies
by B lymphocytes, prevents the glycosylation of glycoproteins of
lymphocytes and monocytes that are involved in adherence to
endothelial cells and intercellular could inhibit the recruitment of
leukocytes at sites of infection and inflammation and in the rejection
of transplantation. MMF, therefore, does not inhibit early events of
activation of mononuclear cells, such as the production of IL-1 and
IL-2, but blocks these events through interference with DNA synthesis
and proliferation of lymphocytes. Although therapy with MMF is
associated with side effects that must be recognized and treated
promptly [37,38]. Measurement of free and total mycophenolic acid in
the serum as a guide to dose adjustment has been advocated by some
investigators but is not a common practice. These effects can occur
during treatment such as gastrointestinal symptoms (vomiting,
diarrhea, and nausea), opportunistic infections (especially urinary
tract), leukopenia, and, rarely, anemia. It is important; therefore, also
in this case, patients undergo clinical controls, with particular
attention to the values appropriate blood. Among the most common
side-effects of this drug is an increased blood cholesterol level. Other
changes in blood chemistry such as hypomagnesemia, hypocalcemia,
hyperkalemia, and an increase in BUN are regularly noted. Progressive
multifocal leukoencephalopathy is a usually fatal infection of the brain
that occurs rarely with this and other immunosuppressive drugs. The
overall pharmacological effect of MMF, which consists in a reduction
of cell replication, has widespread and privileged the use of the drug in
the forms associated with inflammatory phenomena such as
proliferative lupus nephritis. However, MMF is also used in the forms
of glomerulonephritis with nephrotic syndrome where you can get the
clinical results [1,37]. In these contexts, its effect was comparable to
that of cyclophosphamide, but encumbered with fewer side effects
[38].

Cyclosporin A
Cyclosporin A is a lipophilic cyclic nonribosomal peptide consisting

of 11 amino acids and is a drug that reduces the activity of the immune
system by interfering with the activity and growth of T cells mediated
response [1,39]. Ciclosporin binds to the cytosolic protein cyclophilin
(immunophilin) of lymphocytes, especially T cells. This complex of
ciclosporin and cyclophilin inhibits calcineurin, which is responsible
for activating the transcription of interleukin 2. In T-cells, activation of
the T-cell receptor normally increases intracellular calcium, which acts
by calmodulin to activate calcineurin [40]. They are mainly involved in
both Th1 cells T1 suppressor. The particular sensitivity of T
lymphocytes in this molecule is linked to the low amount of
calcineurin expressed in these cells which favors the complete
inhibition. This particular action on T lymphocytes makes it useful in
the use of cyclosporine regimens in combination with other
immunosuppressants, as often happens for lupus nephritis.
Cyclosporine also inhibits lymphokine production and release of other
interleukins such as TNFa, IL- 3, IL-4 and INFγ, with the overall effect
of the reduction of the proliferation of lymphocytes [39,40]. However,
cyclosporine not only interferes with the immune system, but also has
a direct effect on the cytoskeleton of the podocyte. The mechanism
involves the sinaptopodina that plays a key role in stabilizing the actin
cytoskeleton in podocytes. When the sinaptopodina is phosphorylated,
binds to the protein 14-3-3 and is protected from degradation. The
calcineurin binds to this complex by starting to degradation;
cyclosporine, calcineurin binding, blocks this process [41]. Thus, the
antiproteinuric effect of this medication may also be unrelated to the
immunosuppressive effects on T lymphocytes. These findings may
provide a rationale for the use in proteinuric non- immune-mediated
diseases, such as focal segmental glomerulosclerosis and Alport's
disease, in which is used the drug [1,42]. Cyclosporin is very dreaded
for its side effects, even if the doses used in the course of the
glomerulus nephritis are quite low. However, one must always
consider the nephrotoxicity of the drug, due in part to
vasoconstriction but also to tubular damage. Furthermore, the increase
of expression of the TGF-, molecule capable of activating the processes
of fibrosis, which is observed in the course of therapy with cyclosporin
has an important role in the evaluation of renal fibrosis in the course
of the follow- up of the patient [1,43]. Compared with other
immunosuppressive drugs, cyclosporine has not myelosuppressive
activity that facilitates further use in regimens where it is associated
with other immunosuppressants. Among the side effects, you may
experience high levels of blood pressure due to increased sensitivity to
sodium chloride. It should also be noted that the use of cyclosporine A
is associated with increased plasma levels of potassium and uric acid.
Furthermore, because the drug is catabolized in the liver by
cytochrome P450, common pathway of catabolism of many other
molecules, it is important monitoring the plasma levels during
simultaneous use of multiple medications. Adverse drug reactions can
include gingival hyperplasia, convulsions, peptic ulcers, pancreatitis,
fever, vomiting, diarrhea, confusion, hypercholesterolemia, dyspnea,
numbness and tingling particularly of the lips, pruritus, burning
sensations at finger tips and an increased vulnerability to opportunistic
fungal and viral infections. Another drug that can inhibit cyclophilin is
tacrolimus that present the same mechanism of action of cyclosporine.
Its use is restricted to non-responders to other therapies. Patients
treated with the cyclosporine and tacrolimus are at high risk of
developing renal injury. Nephrotoxicity is manifested either as acute
azotemia, which is largely reversible after reducing the dose, or as
chronic progressive renal disease, which is usually irreversible. Other
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renal effects of the calcineurin inhibitors include tubular dysfunction
and, rarely, a hemolytic uremic syndrome [1].

Monoclonal Antibodies
Since the late 1990s, advances in molecular biology have led to a

variety of new treatments to immunologic diseases. The major biologic
approaches in clinical use include agents able to:

-Interfere with cytokine function

-Inhibit the “second signal” required for T-cell activation

-Deplete B cells

The treatment of immune-mediated renal diseases consisted in the
use of monoclonal antibodies. Currently several monoclonal
antibodies directed against membrane proteins expressed on B cells,
against cytokines stimulating B cells or against complement
components are available [44,45]. Rituximab is an antibody directed
against the CD20 antigen of B lymphocytes and is a chimeric
monoclonal antibody, which contains heavy and light chains in the
murine variable region and human IgG constant region. This
configuration allows to use a smaller amount of murine antibody to
prolong the half-life of rituximab [1,45]. Once bound to CD20, it
causes B cell lysis activating direct cytotoxicity and antibody-
dependent; the final result is the depletion of CD20 that may persist up
to 12 months. The depletion of memory B cells causes a change in the
immune response [46], and in particular, a reduced production of
antibodies and cytokines, alteration of the process of antigen
presentation to B cells and reduced activity of CD40 with subsequent
improvement in the course of the disease. This profound interference
of rituximab in immune processes, through the depletion of B cells,
represents the rationale for its use in immune-mediated diseases. The
drug is indicated for the treatment of non-Hodgkin lymphoma and
chronic lymphocytic leukemia. Subsequently, it was recognized for the
treatment of rheumatoid arthritis and vasculitis, and then its use has
been indicated for other diseases. In nephrology rituximab has been
used in some of both primitive and secondary glomerulonephritis and
in the prevention of transplant rejection [47-49]. Membranous
glomerulonephritis is one the most common causes of the nephrotic
syndrome in non-diabetic adults and its treatment is still controversial.
The primary regimens used to treat idiopathic membranous
glomerulonephritis include a cytotoxic drug (cyclophosphamide or,
less often, chlorambucil) and glucocorticoids or calcineurin inhibitors
with or without glucocorticoids [50]. Relevant interest exists for the
results of the treatment with rituximab directed primarily at reducing
proteinuria and nephrotic syndrome. At the moment there are some
trials that describe how a significant number of patients with
membranous nephropathy may benefit from the treatment with
rituximab [51]. The nephrotic syndrome, steroid-dependent or
steroid-resistant due to glomerular injury in minimal or focal
segmental glomerular sclerosis is another condition in which
rituximab was used. In cases of nephrotic syndrome steroid-dependent
rituximab can be used to avoid high doses of cortisone that are
associated with serious side effects (obesity, diabetes, osteoporosis,
aseptic necrosis of the femoral head, etc.) and the described results
seem promising [51]. The use of rituximab was followed by a
remission of nephrotic syndrome in cases of nephrotic syndrome
resistant to steroids and immunosuppressants. Systemic lupus
erythematosus is characterized by the production of a large number of
auto-antibodies that determine a systemic disease caused by the
deposition of antigen-antibody immune complexes in various organs.

The treatment of lupus nephritis is based on the use of
immunosuppressive drugs in various combinations with variable dose
depending on the severity of the lesions (classes histological
classification according to the ISN / RPS). On the other hand, despite
all the drugs available, there are some patients who do not respond to
therapies and who progress in the severity of their clinical condition
[45]. Therefore, in this group of patients, it seemed appropriate the use
of Rituximab, based on the most recent evidences [48,49]. However,
because of the great variability of the lupus disease and the absence of
large controlled trials, clear indications for rituximab in lupus are still
lacking. The forms of vasculitis associated with the presence of ANCA
both P-ANCA and C-ANCA are also other conditions where
Rituximab can be used. Rituximab was effective as cyclophosphamide
in inducing remission of the acute phase but it was also very effective
in the treatment of refractory and/or recurrent forms. The mixed
cryoglobulinemia syndrome is generally a disease mediated by the
formation of monoclonal IgM (rheumatoid factor) polyclonal IgG
determing the clinical manifestations associated with renal and non-
renal involvement [26]. The mixed cryoglobulinemia syndrome is
most often induced by hepatitis C virus (HCV) infection; therefore it
has been proposed interferon therapy in order to eradicate the
infectious agent. However, It can also be associated with autoimmune
or lymphoproliferative disorders or, rarely, can be idiopathic, hence, it
was also attempted therapy with rituximab with the intent to reduce
the production of cryoglobulins by the depletion of lymphocytes.
Rituximab for different schemes have been proposed: 375 mg/m2 for
four consecutive weeks or 1 g every 2 weeks; others suggest that the
therapeutic effect should be assessed with CD20 lymphocyte counts.
Moreover, there are protocols on when to use rituximab, alone or in
combination with steroids or with immune suppressive drugs.
Another issue is the safety of these drugs both in the short term,
including the risk of infections (leucoencephalitis) and in the long-
term with possible negative effects still unknown [45,52].

Anti-Cytokines Therapy
Understanding the contribution of cytokines to the pathogenesis of

immunologic diseases offers novel and creative therapeutic options
that were not previously available. Although biologic agents that
regulate cytokines showed positive results [26,45,52], small molecules
that block cytokine production and/or signaling will likely have a
competitive advantage in the next years. An important note of caution,
however, regards the possibility that suppressing even physiologic
concentrations of some cytokines could have serious adverse effects on
immune surveillance. The anti- cytokine therapy is based on the use of
drugs directed against the pro-inflammatory cytokines or that
promote the action of anti-inflammatory cytokines [13].

Strategies to Inhibit Cytokine Activity

Antibodies
A leading approach to neutralize cytokines is the use of specific

antibodies directed against the cytokines or its corresponding receptor.
Antibodies have several central effects that are important in interfering
with cytokine actions. These include excellent solubility, exquisite
specificity, and a long half-life in serum [53].
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Immunoadhesins
Another approach used to develop biologic inhibitors of cytokine

activity is to engineer a fusion protein that combines the constant
domains of an antibody molecule with the ligand-recognition domain
of a cytokine receptor. Such fusion proteins, or immunoadhesins, can
be expressed and secreted from mammalian cells as bivalent proteins
that, much the same as immunoglobulins, consist of two polypeptide
chains that are disulfide linked [54]. The advantages of this approach
are that it not only eliminates the need to immunize an animal, but
also circumvents screening for cytokine-specific antibodies: “antigen
recognition” is provided by the cytokine receptor that is engineered
into the immunoadhesin. Immunoadhesins in general share the
extended half-life in serum observed for whole antibodies, and because
they are derived from human proteins, they tend to induce
immunogenicity [13].

Natural Cytokine Antagonists
Cytokines expressed during an inflammatory response are tightly

controlled by transcriptional and translational levels, and they appear
to act locally in that they are cleared rapidly once they diffuse into the
vascular compartment. Mechanisms have also evolved to allow rapid
neutralization of excess cytokine at the site of inflammation, such as
the expression of soluble cytokine-binding proteins found in tissue
and blood. Other mechanisms for regulating cytokine-induced
pathways include natural antagonists. In the case of interleukin (IL)-1,
a soluble form of IL-1 has been described that can bind with high
affinity to the cell surface receptor without activating signaling [55].
This protein, called IL-1 receptor antagonist, and marketed as a
recombinant biologic called Kineret® (anakinra) competes with IL-1
for binding to receptor [56].

Anti- PDGF
In experimental GN with mesangial proliferation induced by

antibodies directed against an antigen of mesangial cells (anti -Thy
1.1) interesting results were obtained using an aptamer DNA bound to
PEG designed to inhibit the action of PDGF [57,58]. Two daily doses
of this aptamer induced a 95% reduction of proliferation of mesangial
cells typical model GN by anti -Thy 1.1. Recently, the results were
confirmed with use of recombinant human monoclonal antibodies
directed against PDGF [13,59].

Anti- MCP- 1
Another molecule that plays a key role in GN is in the acute phase

of glomerular exudation and in the chronic phase with interstitial
fibrosis is MCP- 1. Considerable interest has turned to therapeutic
approach directed against this chemokine [60].

Anti -TGF -ß1
TGF -ß1 is certainly the most well-known profibrotic mediator

glomerular and tubulointerstitial. Have been tried several ways of
blocking the synthesis or activity of TGF - ß 1 in both primitive and
secondary renal diseases [13,58].

Anti –TNF
These drugs have proven useful in experimental rapidly progressive

GN, where they inhibited the formation of crescents [61-67], and in
mouse strains having developed spontaneously SLE [68].

Anti-IL- 1
Very interesting is the ability to simultaneously inhibit TNF and

IL-1, then it is because most of the two cytokines produced by
monocytes-macrophages and mesangial cells during activation by
immune-mediated GN [67]. At present, the combined use of the two
drugs was too burdened by side effects [13,58,59].

Use of Anti-inflammatory Cytokines
Another approach theoretically very interesting is the use of

cytokines that act naturally against the inflammatory process, such as
IL -4, IL - 1 0 , IL-13 or modest doses of TG - ß1 [58,67,68].

Plasmapheresis
This technique enables to remove from the plasma some

components, including immunoglobulins and cytokines by
extracorporeal circulation [69,70]. Therefore, plasmapheresis is
indicated in the immune-mediated diseases in which there is a factor
known pathogen, such as anti-basement membrane in the course of
Goodpasture's disease or anti-metal proteinase (ADAMTS) of
thrombotic microangiopathy. The therapeutic apheresis is able to
remove solutes circulating pathogens, but also to act on the
reticuloendothelial system through an immunomodulating effect. The
current indications plasmapheresis have been defined and periodically
re-established by two American scientific associations: the American
Association of Blood Banks (AABB) and the American Society of
apheresis (ASFA), based on the available evidence of efficacy of
treatment in specific diseases [71-73].

• Category I, in which the treatment is first choice,

• Category II, in which plasmapheresis has a supporting role,

• Category III, where there are clear demonstrations of usefulness of
the technique,

• Category IV, where plasmapheresis is not effective.

Caterogory I, includes Goodpasture's syndrome and thrombotic
thrombocytopenia purpura. Category II: cryoglobulinemia,
glomerulonephritis rapidly progressive and the' Acute renal failure due
to myeloma kidney, Category III: focal segmental glomerulosclerosis
applicant, the hemolytic-uremic syndrome, vasculitis, and systemic
lupus erythematosus. Category IV: lupus nephritis, renal transplant
rejection and the amyloidosis [1,74,75].

Apheresis and nanotechnology
The therapeutic plasmapheresis has undergone a significant change

due to the development of the equipment and to an expansion of the
indications. In fact, technological innovation has introduced methods
that allow treatment more tolerable and less invasive. In this
perspective fits Hemofenix technology and filter ROSA [76]. In
contrast to the traditional systems of plasmapheresis by centrifugation,
the device Hemofenix uses a system of nanofiltration. Hemofenix
allows performing the treatment with a single and small needle and
with a reduced extracorporeal volume, about 70 ml, reducing the risks
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for the patient. Additional advantages are represented by: low priming
and short duration of treatment, furthermore, the exchange of low
volumes during the treatment allows you to not use plasma as
replacement fluid reducing the risk of infection and allergic reactions
present with plasmapheresis [77]. Clinical trials should be performed
to demonstrate the effectiveness and safety of this method by
comparing this with the traditional apheretic therapy.

Materials and Methods
We conducted a systematic review on the current knowledge about

pathogenetic mechanisms of glomerulonephritis and related therapies.

Types of studies

RCTs and quasi-RCTs evaluating the current knowledge about
pathogenetic mechanisms of glomerulonephritis and related therapy
were considered.

Electronic searches

1. Cochrane Renal Group's specialised register

2. AEGIS database (AIDS Education Global Information System
(http://www.aegis.com)).

3. ClinicalTrial.gov (http://www.clinicaltrials.gov).

4. WHO International Clinical Trials Registry Platform (http://
www.who.int/ictrp/en/)

5. MEDLINE

We checked the reference lists of nephrology text books, review
articles, and relevant studies.

Results
We have summarised the results of the research in Figure 1.

Figure 1: Results of the research.

Conclusion
The pathogenetic mechanism of glomerulonephritis are numerous

and complex, involving both humoral and cell-mediated immune
responses. The nature of the immune response leading to GN, is
strongly influenced by immunogenetic phenotypes. There were several
clinical trials conducted to identify the correct treatment of
glomerulonephritis, but currently, although significant advancements

over the last 10 years were achieved, important questions remain
unanswered. Indeed, we still do not know the mechanisms underlying
the absence of clinical responses of some of most of the therapies for
glomerulonephritis. Therefore it would be desirable the development
of a web enabled database to assist nephrologists during the treatment
of patients with glomerulonephritis.
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