Chapter 4
Co-stimulatory Molecule CD80 (B7.1)
in MCNS
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Abstract Minimal change nephrotic syndrome (MCNS) is the most common
cause of nephrotic syndrome in children and accounts for 10-25 % of nephrotic
syndrome in adults. The etiology has been postulated as T lymphocytes (T cell)
disorder; however, precise mechanisms still remain unknown. CD80 (also known as
B7.1) is a transmembrane glycoprotein which is usually expressed on antigen-
presenting cells (APC) and acts as a co-stimulatory signal for T cell activation.
The role of CD80 expression in podocytes as a cause of proteinuric condition was
first described by Reiser et al. in 2004. Administration of lipopolysaccharides (LPS)
and puromycin aminonucleoside, knockout of alpha-3 integrin, and lupus nephritis
were associated with CD80 induction in podocytes and concomitant proteinuria.
Besides, LPS-induced proteinuria was not observed in CD80 knockout mice. In
2009, Garin et al. demonstrated that urinary CDS8O0 levels are elevated in MCNS in
relapse compared with those observed in remission and control subjects. Impor-
tantly, elevated urinary CD80 was suggested as a possible biomarker to distinguish
MCNS and focal segmental glomerulosclerosis. Besides, polyinosinic:
polycytidylic acid (polyl:C), ligand of Toll-like receptor 3 which mimics viral
infection, induced CD80 in the podocytes. Thus, it is a possible explanation for
the frequent relapses of MCNS after upper respiratory virus infections. LPS and
polyl:C only induced transient proteinuria; therefore, impaired regulatory mecha-
nisms after CD80 induction were postulated as a second hit cause of MCNS.
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4.1 Co-stimulatory Pathway in the T Cell Activation

T cells require two signals to become fully activated. The first signal is an
interaction of T cell receptor (TCR) with antigen displayed on the major histocom-
patibility complex (MHC) molecules on the surface of antigen-presenting cells
(APC). The second signal is the co-stimulatory signal. Co-stimulatory molecule
CD80 or CD86 (also known as B7.2) on the surface of APC binds CD28 or
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4, also known as CD152)
expressed on the T cells. The first signal is antigen specific and the second one is
antigen nonspecific. Here, the second signals differently act on T cells. (i) T cells
are activated when CD80/CD86 on APC interact with CD28 on the T cells. (ii) T
cells are inactivated when CD80/CD86 on APC interact with CTLA-4 on the T
cells. (iii) The first signal without co-stimulatory signal leads to T cell anergy,
namely, unresponsive state [1].

4.1.1 Co-stimulatory Molecule CD80 (B7.1)

CD80 and CD86 are members of immunoglobulin (Ig) superfamily with their
extracellular regions consisting of two Ig-like domains, an NH2-terminal Ig
variable-like domain (IgV) followed by a constant-like domain (IgC). Despite
having only ~25 % sequence homology, CD80 and CD86 have similar receptor-
binding properties [2]. Usually, CD8O0 is expressed on the activated B cells and APC
such as monocytes, macrophages, and dendritic cells. Both molecules bind CTLA-4
and CD28 with much higher affinity with CTLA-4 [1].

There are several other co-stimulatory pathways. Inducible T cell co-stimulator
(ICOS) on the T cell binds ICOS ligand on the APC, and programmed cell death
protein-1 (PD-1) on the T cells binds programmed death-ligand 1 (PD-L1) or
programmed death-ligand 2 (PD-L2) on APC. Thus, co-stimulatory pathway reg-
ulates the activation of T cells and prevents excess inflammation or autoreactive
immune responses [3].

The expression of CD80 in the non-hematopoietic cells is relatively rare. In
human keratinocytes, CD80 expression was upregulated by allergens or irritants
[4]. Microglia in the brain and epidermal Langerhans cells also express CD80 on
activation [5, 6].

Although the detailed difference between the role of CD80 and CD86 is not well
elucidated, the role of CDS80 has been postulated as a cause of proteinuric condi-
tions, especially in MCNS [7-9].
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4.1.2 Regulatory Mechanisms of CD80 Expression
in the Immune Cells

The regulatory mechanisms of CD80 have been mostly investigated in the immune
cells. Various immune stimuli such as anti-CD40 antibody, interferon (IFN)-v,
interleukin-2 (IL-2), IL-4, IL-5, and granulocyte-macrophage colony-stimulating
factor (GM-CSF) and the binding of Toll-like receptor (TLR) with its ligands
induce CD80 expression [10]. Meanwhile, IL-10 and CTLA-4 negatively regulate
the expression of CDS8O0 [5, 10, 11].

Regulatory T cells expressing forkhead box P3 (Foxp3) have an anti-
inflammatory role by their enriched expression of CTLA-4 and by releasing anti-
inflammatory cytokines such as IL-10 and transforming growth factor f (TGF-p)
[12]. CTLA-4 competes with CD28 and preferentially binds with CD80/CD86, thus
preventing T cell activation [12]. Besides, CTLA-4 suppresses the expression of
CD80/CDS86 in dendritic cells [13] and in B cells which leads to altered T cell-B cell
interaction [14], CTLA-4 also has the ability to reduce CDS80 in the opposing cells
by trans-endocytosis [15]. CTLA-4 is expressed on the T cell; besides, soluble form
(sCTLA-4) exists in the serum and has the ability to bind CD80/CD86 [11]. The
expression of CTLA-4 becomes upregulated in the activated T cells; therefore, it is
assumed that CTLA-4 helps the termination of the inflammation.

4.2 The Role of CDS80 in the Proteinuric Conditions

4.2.1 Discovery of CD80 Induction in Podocytes as a Cause
of Proteinuria

The role of CDS8O0 in the proteinuric conditions was first described by Reiser et al. in
2004 [8]. a3p1-Integrin is thought to be largely responsible for the attachment of
podocyte foot process to the glomerular basement membrane. a3p1-Integrin-defi-
cient mice are unable to maintain normal podocyte structure [16]. The search for the
changes in the o3 integrin-deficient podocytes unexpectedly led to the discovery of
CD80 expression in the podocytes [17]. They demonstrated that CD80 can be
induced in podocytes and transient proteinuria was observed concomitantly. In
vivo administration of lipopolysaccharides (LPS) or puromycin aminonucleoside
(PAN), genetic a3 integrin deficiency, and lupus nephritis in mice as well as in
human were associated with increased CD80 expression in podocytes. Furthermore,
CD80 expression in human lupus nephritis was associated with its severity. Inter-
estingly, proteinuria was not induced in the CD80 knockout mice by LPS, but it was
induced in the SCID mice which are immunodeficient lacking B cells and T cells,
showing that CDS80 is a key step, and this is independent of T cells and B cells. In
vitro study using conditionally immortalized podocytes demonstrated that
podocytes express CD14 and TLR4; both of them are the receptors which recognize
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LPS as ligands. Also, they described that LPS induced podocyte actin reorganiza-
tion which is regarded as a change corresponding to the foot process effacement [8].

4.2.2 Urinary CD80 as a Possible Biomarker of MCNS

Then, Garin et al. suggested the role of urinary CD80 in MCNS for the first time in
2009 [7]. They showed that urinary CD80 levels are increased in MCNS in relapse
compared with those observed in remission and control subjects. In patients with
other glomerular diseases such as membranous nephropathy, lupus nephritis, IgA
nephropathy, and focal segmental glomerulosclerosis (FSGS), urinary CD80 was
not significantly increased compared with control subjects. They also showed that
soluble CTLA-4 levels in the serum which usually regulate CD80 were not signif-
icantly altered, but the CD80/CTLA-4 ratio was increased in MCNS during relapse,
with levels returning to normal range in remission. The serial measurements of
urinary CD80 in recurrence and remission in the eight patients with MCNS revealed
elevated levels of CD80 in recurrence and marked reduction in 1 month after
remission.

In 2010, they showed that urinary CD80 is a useful biomarker to distinguish
MCNS and FSGS [9]. Immunofluorescent staining showed that CD80 expression in
the podocytes was positive in MCNS in relapse but not in remission nor in FSGS.
Western blot of CD80 protein revealed that the molecular size of urinary CD80 was
53 kD, demonstrating its membrane-associated form. Soluble CD80 usually seen in
the serum is 23 kD; therefore, it was suggested that urinary CD80 derives from
podocytes.

4.3 Regulatory Mechanisms of CD80 Expression
in the Podocytes

4.3.1 The Role of TLR in Innate Immunity

The host defense against microbial pathogens consists of innate immunity and
acquired immunity. Innate immunity serves as the first-line defense which recog-
nizes pathogen-associated molecular patterns (PAMPs). TLR is one of the pattern
recognition receptor families that play a key role in innate immunity [18]. TLRs are
expressed in various cell types, most abundantly in APC. Recognition of microbial
pathogens by TLR results in downstream inflammatory responses such as activation
of nuclear factor kappa B (NFxB) and production of type I interferon and inflam-
matory cytokines via activation of several adapter proteins such as myeloid differ-
entiation primary response gene 88 (MyD88) and Toll/interleukin-1 receptor-
domain-containing adapter-inducing interferon- (TRIF). Of note, recognition of
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microbial pathogens by TLR enhances the expression of CD80/CD86 which is a
critical step to the development of antigen-specific acquired immunity.

Recent advances of research revealed that TLRs recognize internal ligands as
well as microbial pathogens which lead to various pathological conditions, such as
ischemic acute kidney injury, organ transplant rejection, and various glomerulone-
phritis [19]. Among the 11 human and 13 mouse TLR receptors, TLR4 recognizes
LPS, also known as endotoxin, which is a component of outer membrane of gram-
negative bacteria, and TLR3 recognizes double-stranded RNA which is produced
by most viruses during their replication [18].

4.3.2 Regulatory Mechanisms of CD80 in Podocyte

4.3.2.1 Polyinosinic:Polycytidylic Acid (Polyl:C)-Induced CD80
in Podocytes

The expression of CD80 in the podocytes was further investigated in the in vitro
study utilizing differentiated human podocytes [20]. Initially, Reiser
et al. stimulated podocytes with LPS; however, it is related to septic condition,
although many recurrences of MCNS are accompanied with subtle upper respira-
tory virus infections [21]. Therefore, polyl:C, synthesized double-stranded RNA,
was used since it works as a ligand of TLR3 which mimics viral infection. It was
demonstrated that podocytes express various TLRs under non-stimulated condi-
tions. Polyl:C induced CD80 expression and actin reorganization in podocytes
accompanied with augmented expressions of TLR4 and TLR3 [22]. In podocytes,
Polyl:C induced the increased production of type I IFN as well as NFxB activation,
consistent with the downstream changes seen in the stimulation of TLR by their
ligands. NFxB inhibitor significantly reduced CD80 expression in the podocytes. It
was an interesting finding since NFkB activation was indicated in the patients with
MCNS in relapse [23, 24]. Besides, dexamethasone reduced polyl:C-induced CD80
expression and restored actin reorganization [22]. CD80 knockdown by interfering
short hairpin RNA targeting CD80 effectively suppressed actin reorganization
induced by polyl:C, thus suggesting the crucial role of CD80 in the phenotype
change of the podocytes. Subsequently, Ishimoto et al. proved that systemic
administration of polyl:C in mice induced CDS80 in the podocytes and elevated
CD8O0 levels in the urine and proteinuria [25].

4.3.2.2 Serum from the Patients with MCNS Induced CD80
in Podocytes

In MCNS, a circulating factor has been suggested for a long time. Therefore,
Ishimoto et al. tested if the serum from patients with MCNS or the culture
supernatant of their peripheral blood mononuclear cells (PBMCs) is capable of
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increasing CD80 in cultured podocytes [26]. They added the serum or the PBMC
culture supernatant to the regular culture medium. They found that the serum from
MCNS patients in relapse but not in remission increased CD80 expression in
podocyte. In contrast, no such increase was observed when PBMC culture super-
natant was added. They postulated that the circulating factor could be a virus
particle, because it was reported that the existence of microbial products in upper
respiratory virus infection is not limited to the respiratory mucosa, but viral
fragments are detected in the circulation [27]. Interestingly, IL-13 was not detected
in any of the serum samples from MCNS patients, but it was detected in the PBMC
culture supernatant in one case in relapse and one case in remission. Thus, IL-13 is
seemingly not an indispensable factor in MCNS.

These data indicate that virus-induced podocyte CD80 expression via TLR3 is a
possible explanation for the frequent relapse of MCNS in the upper respiratory
virus infection, whereas it is unclear if there are additional systemic factors
in MCNS.

4.3.2.3 CTLA-4: Possible Regulator of CD80

CTLA-4 negatively regulates co-stimulatory pathways by the interruption of CD80-
CD28 interaction, and CTLA-4 also downregulates the expression of CD80 in the
immune cells. In contrast to the induction of CD80 in podocytes, the regulatory
mechanisms in podocytes are not well established. Cara-Fuentes et al. performed
simultaneous measurement of urinary CD80 and urinary CTLA-4 in MCNS
patients [28]. Urinary CD80 levels are dramatically increased in relapse and
significantly reduced in remission. Urinary CTLA-4 levels were significantly
increased in relapse but were not correlated with the levels of urinary CD80. The
increased urinary CTLA-4 may reflect the postinfectious systemic alterations.
Ishimoto et al. showed the increased expression of IL-10 in the mice glomeruli
after the systemic administration of polyl:C, and the expression of CTLA-4 tended
to be increased, but there was no significance. It is unknown how local and systemic
regulations work for CD80 in podocytes.

4.3.3 The Role of Allergy in MCNS

The link between MCNS and atopic disorders has been suggested for a long time.
The frequency is generally 30—40 %, and elevated IgE levels are sometimes seen
even in the absence of allergic symptoms [29]. Usually, allergic tendency was
associated with type 2 helper T cell activation, and increased IL-4 and IL-13 trigger
the class switch of B cells for production of IgE [29]. The direct link between the
allergy and MCNS has not proven, and it seems that allergy is not indispensable for
MCNS; however, the recurrence sometimes occurs right after exposure to allergens
such as pollens, mold, poison oak, bee stings, and vaccinations, suggesting causal
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relationship in some cases. The elevated levels of IL-13 in the serum have been
suggested in MCNS [30, 31], although the data vary among reports. Importantly,
Lai et al. demonstrated that overexpression of IL-13 in rat induced MCNS-like
nephrotic syndrome [32]. They produced the IL-13 overexpression model in Wistar
rats through transfection of a mammalian expression vector cloned with the rat
IL-13 gene into the quadriceps by in vivo electroporation. The IL-13-transfected
rats showed significant albuminuria, hypoalbuminemia, and hypercholesterolemia
when compared with control rats. No significant histologic changes were seen in
glomeruli by periodic acid-Schiff stain. However, electron microscopy showed foot
process fusion up to 80 % of podocytes. Glomerular gene expression was signifi-
cantly upregulated for CD80, IL-4 receptor-o, and IL-13 receptor-a2 but
downregulated for nephrin, podocin, and dystroglycan. The strength of this study
was that their model has close similarity to human MCNS compared with other
proteinuric models which only induce transient proteinuria. They demonstrated that
podocytes express IL-13 receptor and IL-13 induces CD80 in podocytes for the first
time. Whereas there are possible problems because this model has not been
reproduced in mice, probably, genetic background is crucial for the induction of
nephrotic syndrome by IL-13. Besides, the levels of IL-13 in the patients with
MCNS did not correlate with disease status [29, 33].

4.4 Two-Hit Hypothesis: Is MCNS a CD80 Podocytopathy?

CD80 induction was shown as a cause of proteinuria; however, in vivo models by
LPS or polyl:C induced only transient proteinuria [8, 25]. Therefore, it was
postulated that MCNS is a two-hit disorder [29, 34, 35]. The initial hit is the
induction of CD80 in podocytes by various causes such as allergen exposure,
microbes, or probably imbalanced cytokines. Then, a shape change in podocytes
occurs, namely, actin reorganization which is a corresponding change to foot
process effacement. In a healthy subject, it is presumed that CD80 induction is
spontaneously resolved; thus, the second hit is the impairment of sensing or
regulatory mechanism to terminate CD80 expression, or persistent stimulation for
CD80 induction may result in persistent CD80 expression and nephrotic syndrome.
Impairment of CTLA-4, a negative regulator of CD80 which is abundantly
expressed by regulatory T cells, is a candidate of the second hit. Actually, Araya
et al. suggested the impaired regulatory function in the patients with MCNS,
although the number of regulatory T cells was not altered significantly
[36]. CTLA-4+49GG genotype is associated with susceptibility of nephrotic syn-
drome [37]. It was also shown that dexamethasone enhances CTLA-4 expression
[38]. Anti-inflammatory cytokines, such as IL-10, could be another candidate for
the second hit. Nevertheless, it is not clear if the second hit is a systemic disorder or
a podocyte disorder which is regulated in an autocrine or paracrine fashion.
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4.5 Classic View of MCNS: T Cell Disorder Hypothesis
and CD80

How can we interpret Shalhoub’s hypothesis from the viewpoint of “CD80
podocytopathy”? In 1974, Shalhoub proposed that proteinuria in MCNS is due to
a circulation factor released by T cells [39]. It was based on the observations that
(i) remission commonly occurs with measles infection which causes cell-mediated
immunosuppression; (ii)) MCNS sometimes occur with Hodgkin’s disease, which is
aknown T cell disorder; (iii) unlike many glomerular disorders, there is an absence
of humoral immune components (immunoglobulin and complement) in glomeruli;
and (iv) MCNS responds to steroids and cyclophosphamide, the agents commonly
used to suppress cell-mediated immunity.

Possible explanation could be as follows: (i) in the measles infection, it was
shown that regulatory T cells are highly enriched following infection [40]. Besides,
there is an interesting data that measles virus caused suppression of CD80 expres-
sion in dendritic cells [41]. It is not known if there is any direct effect of measles
virus on the podocytes. (ii) In Hodgkin’s disease, the Reed-Sternberg cells can
secrete IL-13 and work as an autocrine growth factor [42], which may possibly have
a role in the CD80 induction in podocytes. Recently, in the cases of concomitant
occurrence of Hodgkin’s disease and MCNS, overexpression of c-maf inducing
protein (c-mip) was demonstrated, and a causal relationship was suggested
[43]. Recent knowledge suggests that Reed-Sternberg cells are mostly of B cell
origin [44]. Besides, there are cases with non-Hodgkin lymphoma and MCNS, and
many of them were of B cell origin [45]. Therefore, the relationship between
lymphoma and MCNS may not necessarily suggest “T cell disorder.” (iii) In
many glomerulonephritis, immune complexes and complement activations are
observed. Instead, CD80 induction is a direct cause of actin reorganization of
podocytes and the cause of proteinuria in MCNS. (iv) Corticosteroid was able to
suppress the expression of CD80 and actin reorganization [22]. Thus, it seems that
CD80 induction by polyl:C (mimicry of virus infection) and its resolution by
corticosteroid could be an in vitro model of MCNS. The effects of cyclophospha-
mide and other immunosuppressants on the CD80 expression in the podocytes are
not known.

4.6 Novel View of MCNS

4.6.1 Is MCNS a CD80 Podocytopathy?

The etiology of idiopathic nephrotic syndrome is still far from being fully eluci-
dated, although recent advances in the podocyte biology have provided us the novel
views of nephrotic syndrome as podocytopathies [46].
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In MCNS, massive foot process effacement which is a reversible phenotype
change of podocytes, namely, actin reorganization, occurs, and the number of
podocyte per glomerulus does not change. Corticosteroid reverses this condition.
Although there are several other candidates as a cause of MCNS, evidence for the
role of elevated urinary CD80 induction in the patients with MCNS is now reported
from different research groups [7, 47], suggesting a certain role, at least to some
extent. Insufficient regulatory system presumably due to the impaired regulatory T
cell function leads to prolonged CD80 expression, although it requires more
evidences [29, 34, 35]. Of note, in the very rare cases of renal transplantations,
MCNS could relapse when a patient with MCNS received a kidney [48]. On the
other hand, when a patient with MCNS donates kidneys, there was no recurrence of
proteinuria [49]. Thus, MCNS cannot be solely explained by podocyte disorder, but
the circulating factors are suggested.

4.6.2 Diagnosis of FSGS and MCNS

Recent view of podocytopathy revealed that detachment or death of podocytes
leads to glomerulosclerosis in FSGS [46]. It is a heterogeneous disease [S0]. In
addition to the circulating factors which have been suggested, genetic defects in the
important component of podocytes lead to FSGS in some familial or sporadic cases.
The “primary FSGS” in a narrow sense is presumably attributed by the circulating
factors. In these cases, plasmapheresis is often effective and posttransplant recur-
rence rates are high, and recurrences sometimes occur very quickly, supporting
the idea that circulating factors exist, whereas in the cases with gene mutations,
posttransplant recurrences occur less [51].

It is suggested that the levels of soluble urokinase-type plasminogen activator
receptor (suPAR) in the serum are elevated in primary FSGS, and it serves as a
possible biomarker [52]. Although there are some conflicting data and heated
debate, it is based on the scientific explanation that sSuPAR increases glomerular
permeability and activates alphaV beta3 [integrin on podocytes causing foot pro-
cess detachment of glomerular basement membrane [52]. Ling et al. performed the
measurement of urinary CD80 in MCNS in relapse, remission, FSGS, and control
subjects. They demonstrated that urinary CD80 was significantly higher in the
patient with recurrent MCNS compared with other groups. Here, four out of
27 FSGS patients had values near or exceeding the cutoff value, and histological
findings in these patients were three cases of tip lesions and one case of not
otherwise specified (NOS). Tip lesions could be observed in MCNS patient with
heavy proteinuria, and no one had the collapsing type, which has the worst
prognosis [47]. In the patients with MCNS and FSGS, Cara-Fuentes
et al. measured urinary suPAR, suPAR in the serum, and urinary CD80 simulta-
neously. They confirmed the elevated urinary CD80 in MCNS and elevated suPAR
in the serum in FSGS. The levels of suPAR in the urine were just correlated with
urinary protein both in MCNS and FSGS [53].
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Recently, Cara-Fuentes et al. reported a case of nephrotic syndrome with NPHS2
mutation which usually causes FSGS [54]. The patient was a 5-year-old Caucasian
boy, and the findings in the biopsy were mild mesangial expansion and cellularity
which could be early signs of FSGS, at the same time not inconsistent with MCNS
with robust proteinuria. In this case, the expression of CD80 in the podocytes was
shown by immunofluorescent staining, and increased urinary CD80 was also
demonstrated by western blotting. At the same time, mildly elevated suPAR in
the urine and serum was observed. Theoretically, if we consider MCNS and FSGS
as different disease entities, the hybrid cases are possible. Or we can interpret these
data that urinary CD8O0 is consistent with the initial idea that Reiser et al. showed
that genetic defect leads to CD80 induction in the podocytes [8].

The future studies will further elucidate the diagnostic value of urinary CD80
and suPAR in the serum. It would be of great clinical value if the combinations of
these parameters are helpful to distinguish MCNS, primary FSGS, and FSGS with
gene mutations.

4.6.3 Novel View of T Cell Disorder

Previously, CD4+ T cell subset was regarded as type 1 helper T cell (Th1)/Th2
binary system. Thl cells produce IFN-y and are involved in cell-mediated immu-
nity. Th2 cells produce IL-4 and IL-13 and contribute to humoral immunity and are
involved in allergic tendency. Since MCNS is frequently accompanied with aller-
gies, it was postulated as Th2 disease [29]. The recent advances in the immunology
expanded Thl/Th2 paradigm to include Th17 and regulatory T cells (Treg)
[12]. Indeed, Liu et al. showed that there are Th17/Treg imbalances in MCNS
[55]. It is very intriguing that in the very rare cases of congenital T cell immune
disorder, several cases of MCNS are reported in immunodysregulation polyendo-
crinopathy enteropathy X-linked (IPEX) syndrome which is caused by mutation of
Foxp3, the key transcription factor of Treg [56], and hyper IgE syndrome which is
caused by mutations of signal transducer and activator of transcription (STAT)
3, the indispensable factor for the Th17 cell differentiation [57]. GATA-3, STAT-5,
and IL-13 mRNA levels are increased in the PBMC from patients with MCNS in
relapse [58]. Allergy as well could be interpreted as an imbalance of CD4+ T cells.
In contrast to the genetic mutations in the podocyte components in FSGS, various
types of T cell imbalances are observed in the patients with MCNS. These T cell
disorders may be related to the impaired regulatory mechanism to terminate CD80
expression via insufficient function of CTLA-4 or other mechanisms, although the
proof for the direct relationship between CD80 and these T cell imbalances is
lacking.
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4.7 Novel Immunosuppressive Therapies in MCNS

4.7.1 How to Explain the Effect of Rituximab?

Recent reports which suggest the effectiveness of rituximab in the difficult-to-treat
nephrotic patients with frequent relapses or who are steroid dependent [59, 60]
compelled us to think about the relationship between CD80 and the effect of
rituximab. Rituximab is a monoclonal antibody against CD20. It binds to CD20
and destroys B cells through antibody-dependent cellular cytotoxicity (ADCC) and
complement-dependent cytotoxicity (CDC). CD20 is widely expressed on B cells,
from early pre-B cells to later in differentiation, but it is absent on terminally
differentiated plasma cells [61]. Superior response to rituximab was associated
with older age of children at diagnosis and longer duration until the reconstitution
of circulating CD20 [65], whereas the benefit seems to be limited in steroid-
resistant patients, especially those with underlining FSGS [62, 63]. Precise mech-
anisms of anti-proteinuric effect of rituximab still remain unknown. The direct
relationship between CD80 and rituximab is not known as well. Podocytes do not
express CD20, although Fornoni et al. showed that rituximab colocalized with
sphingomyelin phosphodiesterase, acid-like 3B (SMPDL3B) in podocytes and
prevented the podocyte damage via the preservation of SMPDL3B and acid
sphingomyelinase (ASM) activity [64]. Interestingly, rituximab-treated dendritic
cells had decreased expression of CD80 [65], and rituximab treatment induced
increase in the number of Treg and augmented their function [66].

4.7.2 Access the Effect of Cytotoxic T-Lymphocyte-
associated Protein 4 (CTLA-4) Immunoglobulin (Ig)

CTLA-4-Ig is a novel immunosuppressive drug which is the fusion protein of the
extracellular domain of CTLA-4 and a fragment of the Fc domain of human IgG1.
Like the intrinsic CTLA-4, the fusion protein binds to CD80/CD86 on the APC with
much higher affinity than CD28, thus interfering with the T cell activation. The first
agent abatacept was approved for rheumatoid arthritis in 2005. Then second-
generation CTLA-4-Ig belatacept which has superior binding with CD80/CD86
was approved for the maintenance immunosuppression in renal transplantation.

The primary mechanism of immunosuppressive effect of CTLA-4-Ig is the
binding with CD80/CD86 and preventing CD80/CD86-CD28 interaction. In addi-
tion, it seems that CTLA-4 reduces the expression of CD80 in B cells or APC. In
rheumatoid arthritis, CD80 expression in the synovium tissue was reduced by
abatacept [67].

In the podocytes, especially in the settings of MCNS where infiltrated inflam-
matory cells are not observed in glomeruli, it is not known if there is a direct
podocyte T cell interaction. Although, there is a soluble form of CTLA-4 which
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exists in the blood and has the ability of binding with CD80/CD86. Actually,
Yu et al. demonstrated that in in vitro study, abatacept had the ability to suppress
podocyte migration in podocytes. Since podocyte migration is suggested as the sign
of podocyte disorder [68], anti-proteinuric effect of CTLA-4-Ig was theoretically
expected in MCNS.

Garin et al. reported a case series of nephrotic syndrome treated with abatacept
therapy. One patient with MCNS, one patient with primary FSGS, and three
patients with recurrent FSGS posttransplantation were treated with abatacept. In a
patient with MCNS, abatacept effectively reduces urinary CD80 and proteinuria,
although there was a quick reappearance of urinary CD80 and proteinuria. In a
patient with primary FSGS, urinary CD80 was further reduced from normal range,
although proteinuria persisted. In the case of immediately recurrent FSGS in an
8-year-old boy post renal transplantation, elevated urinary CD80 and proteinuria
were observed immediately, and abatacept infusion and plasmapheresis were initi-
ated on the postsurgery day 6. Urinary CD80 was decreased immediately, but
proteinuria persisted another week; thus, urinary CD80 levels were not correlated
with the levels of proteinuria in these settings. Subsequently, the repeated plasma-
pheresis and abatacept infusions result in partial remission [69]. In the patients with
lupus nephritis, the administration of abatacept reduced the amount of proteinuria
by 20-30 %, only in the patient with nephritic range proteinuria. It is not clear if the
effect is related to CD80 [70]. Thus, there is only limited proof for anti-proteinuric
effect of CTLA-4-Ig. Future studies are required to access the efficacy of these
drugs as a novel therapy of MCNS.

4.8 Other Renal Diseases and CD80

4.8.1 Lupus Nephritis

CD80 induction was initially described in lupus nephritis. It was observed in murine
model of lupus nephritis and in human as well, fluorescent immunostaining dem-
onstrated CD80 expression in the podocytes, and it was correlated with the severity
of nephritis and the severity of proteinuria [8]. However, later studies did not find
significant elevation of urinary CD80, the levels of urinary CD80 in lupus nephritis
were not significantly elevated [7], and urinary CD80 was elevated in only one of
five lupus patients [47]. Of note, there is an argument about the false-positive
staining in CD80 immunofluorescent staining especially in membranous nephrop-
athy [71, 72]. Positive staining without the measurement of urinary CD80 may need
to be carefully interpreted.
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4.8.2 Diabetic Nephropathy

Recently, the role of CD80 in diabetic nephropathy was demonstrated by Fiorina
et al. [73]. In the kidney biopsy obtained from patients with type 2 diabetes with
nephropathy, CD80 was expressed in 47 % of those patients shown by immunoflu-
orescent staining. In vitro study showed that high glucose condition induced CD80
and subsequent podocyte actin reorganization. It was phosphatidylinositol-3-
kinases (PI3K) dependent and resolved with CTLA-4-IgG. In vivo study also
showed that CD80 was induced in podocytes and CTLA-4-IgG reduced urinary
albumin excretion in db/db mice and streptozotocin-administered C57BL/6 mice.

It is intriguing that CTLA-4-Ig was effective in the podocyte disorder with
increased CD80 expression. However, several questions remain. Dexamethasone
is known to downregulate CD80 in the podocytes [22], although, in contrast to
MCNS, proteinuria in diabetic nephropathy is not dramatically resolved with
corticosteroid. Therefore, it is not clear how CD80 induction in MCNS and diabetic
nephropathy are related. Besides, infection is the common serious complication in
diabetic patients; therefore, it may lead to limitation of clinical use of CTLA-4-IgG
which is an immunosuppressant.

4.8.3 MCNS as a Posttransplant Complication

Recently, accumulating case reports revealed that nephrotic syndrome rarely occurs
as a complication of hematopoietic transplant. Among them, membranous nephrop-
athy and MCNS are common and suggested as rare phenotype of chronic graft
versus host disease (GVGD), because they are often accompanied with other
symptoms of GVHD and sometimes occur right after the cessation of immunosup-
pressive drugs [74]. Huskey et al. reported a case of biopsy-proven MCNS after
allogeneic stem cell transplant for T cell prolymphocytic leukemia. The patient was
a 61-year-old female. She developed nephrotic syndrome 3 weeks after she stopped
all the immunosuppressive drugs. Markedly elevated 53 kD urinary CD80 protein
was shown by western blotting, demonstrating that it had the same molecular size
with the urinary CD80 in the primary MCNS. Proteinuria almost disappeared
following remission by the treatment with corticosteroid [75].

De novo MCNS is also reported in renal transplant in case original diagnosis was
not MCNS nor FSGS [76, 77].

Together with the recent findings that podocytes are as capable as professional
antigen-presenting cells [78], posttransplant CD80-uria may be related to the
immunological phenomena in the specific circumstances of posttransplantation.
Therefore, posttransplant CD80-uria may need to be discussed separately with the
argument over the differential diagnosis between MCNS and FSGS.
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4.9 Conclusion

In conclusion, the etiology of MCNS is still not fully elucidated. Recently, it was
revealed that CD80 induction in podocytes is closely related to proteinuric condi-
tions, and urinary CD80 derived from podocytes is a possible biomarker to
distinguish MCNS and FSGS. Suppression of CD80 could be a novel therapeutic
target, and CTLA-4-Ig is one of the candidates; however, more evidences are
required.
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