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Abstract
Primary focal segmental glomerulosclerosis (FSGS) is one of the major causes of steroid-resistant nephrotic syndrome, and
renal prognosis in patients with steroid-resistant FSGS is poor. It has been long speculated that a circulating permeability factor
should be implicated in the pathogenesis of the disease because a substantial portion of the patients with primary FSGS
experience recurrence shortly after transplantation. Althoughmolecules such as cardiotrophin-like cytokine 1 (CLC-1) and anti-
CD40 antibody have been proposed to be potential circulating permeability factors, a definitive factor remains to be discovered.
Soluble urokinase-type plasminogen activator receptor (suPAR) has attracted substantial attention and garnered scrutiny by
renal researchers since Reiser’s group suggested that it was linked to the pathogenesis of primary FSGS and that it might be
useful as a diagnostic biomarker. A number of different cohort studies have shown that serum suPAR levels are negatively
associated with renal function and can scarcely differentiate FSGS from the other glomerular/renal diseases. In contrast to
initial studies, several in vivo studies investigating the effects of forced suPAR upregulation could not show the induction of
proteinuria or podocyte injury. Currently it is suggested that a different form of suPAR, which cannot bemeasured by presently
available enzyme-linked immunosorbent assay, might be the culprit; however, it remains to be determined whether this is the
case. Because a circulating permeability factor might be a useful biomarker for diagnosing FSGS as well as a potent therapeutic
target for primary and recurrent FSGS, further dedicated work will be needed.

Keywords: biomarker, circulating permeability factor, focal segmental glomerulosclerosis, soluble urokinase-typeplasminogen
activator receptor

Introduction
Focal segmental glomerulosclerosis (FSGS) is a group of clinico-
pathological syndromes sharing a common glomerular lesion
and mediated by diverse insults directed to or inherent within
podocytes [1]. Advances in podocyte research have yielded
insights into the pathogenesis of FSGS and currently FSGS is
regarded to be a ‘podocytopathy’ or a ‘podocyte disease’. Since
the discovery of nephrin as the major component of the slit dia-
phragm in 1998 [2], mutations in numerous genes encoding pro-
teins expressed in podocytes have been found in familial and

sporadic FSGS. Functional analyses on these molecules have
yielded some clues to the pathogenesis of FSGS. Children with

steroid-resistant nephrotic syndrome are often screened for muta-

tions in the NPHS1 gene, which encodes nephrin, and the NPHS2

gene, which encodes podocin because mutations in these genes

are frequently detected in this population. In a paediatric cohort,

mutations in the NPHS2 gene accounted for >28% of all cases of

steroid-resistant nephrotic syndrome [3]. In addition to gene

mutations, virus infection (e.g. human immunodeficiency virus

type 1, parvovirus B19), structural and functional adaptation

Received: November 30, 2014. Accepted: August 11, 2015

© The Author 2015. Published by Oxford University Press on behalf of ERA-EDTA.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited.
For commercial re-use, please contact journals.permissions@oup.com

Clinical Kidney Journal, 2015, vol. 8, no. 6, 708–715

doi: 10.1093/ckj/sfv090
Advance Access Publication Date: 15 September 2015
CKJ review

708

C
L
IN

IC
A
L
K

ID
N
E
Y
JO

U
R
N
A
L

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://www.oxfordjournals.org


(e.g. oligomeganephronia, ageing kidney, systemic hypertension,
loss of nephron mass of any cause), drugs (e.g. heroin, interferons,
pamidronate) and malignant diseases can cause secondary FSGS.

Primary FSGS, which has common glomerular lesions without
any other known cause of FSGS, is one of the diseases that can
cause steroid-resistant nephrotic syndrome. It is estimated that
primary FSGS accounts for ∼40% of primary nephrotic syndrome
cases in adults worldwide, and the estimated incidence is ∼7 per
1 million [4]. Patients with primary FSGS typically show a similar
clinical presentation to those with minimal change disease
(MCD), including abrupt-onset heavy proteinuria, severe hypoal-
buminemia andmarked peripheral oedema. A substantial portion
of the cases are refractory to treatment by steroids and/or immu-
nosuppressants and result in progressive renal impairment.

Circulating permeability factors in primary
FSGS
Although the aetiology of this disease is unknown, the implica-
tion of permeable circulating factor(s) in the pathogenesis of pri-
mary FSGS has been suggested for a long time for the following
reasons. First, disease recurrence after initial renal transplant-
ation occurs in 20–50% of recipients with primary FSGS. The re-
currence rate might exceed 80% in patients with a history of
allograft loss due to recurrence [5]. Some recipients experience
recurrence of the disease hours after the transplantation. More-
over, there have been some reports showing that patients with
recurrent primary FSGS might have a substantial reduction in
proteinuria after plasmapheresis [6, 7]. Second, plasma or plas-
ma fraction from patients with FSGS can cause proteinuria in
rats [8–10]. Third, sera from some patients with FSGS increased
permeability to albumin in glomeruli isolated from rats [11].
Fourth, there is a report that an infant born to a mother with
FSGS had transient heavy proteinuria, suggesting that a circulat-
ing permeability factor might be transmitted from themother to
her infant and might be responsible for the development of
proteinuria [12].

Furthermore, an interesting case of renal retransplantation
was reported in 2012 [13]. In that report, a 27-year-old patient
with end-stage renal disease (ESRD) due to primary FSGS received
a kidney transplant from his healthy 24-year-old sister. Despite
repeated plasmapheresis during his perioperative period, heavy
proteinuria developed on the second post-operative day, and
his renal function progressively declined. Allograft biopsy on
Day 6 revealed disease recurrence. On post-transplantation Day
14, the allograft was removed and retransplanted to another
patient, who was a 66-year-old man with ESRD due to type 2
diabetes mellitus. Immediately after the retransplantation, the
allograft regained function and proteinuria improved from 25 to
1.2 g/24 h. Moreover, allograft biopsy on post-retransplantation
Days 8 and 25 showed a reversal of the histopathologic lesions.
In addition, the authors reported that the recipient continued
to have excellent allograft function and mild proteinuria (0.27 g/
24 h) at 8 months after the retransplantation. This clinical
course of ‘serial renal transplantation’ strongly suggests the
involvement of a circulating permeability factor in the pathogen-
esis of primary FSGS in the first recipient.

Searching for a circulating permeability factor
Due to the observations described above, finding a circulating
permeability factor responsible for primary FSGS has been one
of the top priorities for many nephrologists. An identified circu-
lating permeability factor would be of great help clinically as a

diagnostic marker that can differentiate FSGS from MCD since
primary FSGS often has a similar clinical presentation to that of
MCD during its early phase. In addition, even histopathological
findings in renal biopsy specimens cannot clearly discriminate
FSGS from MCD. However, the later clinical course and renal
prognosis of FSGS and MCD are often very different, and early
testing to differentiate FSGS from MCD would have invaluable
prognostic significance [14].

Cardiotrophin-like cytokine 1

Cardiotrophin-like cytokine 1 (CLC-1) is a putative circulating per-
meability factor. CLC-1 is a member of interleukin-6 family and
was found in serum from patients with active FSGS. In addition,
several lines of evidence have suggested that CLC-1might be a cir-
culating factor associated with primary FSGS. McCarthy et al. [15]
found CLC-1 in the active fraction from galactose affinity chroma-
tography. They found that CLC-1 mimicked the effects of FSGS
plasma on the permeability to albuminanddecreased nephrin ex-
pression in glomeruli and cultured podocytes. Although they have
not published the data for the identification process of CLC-1 as a
circulating permeability factor in a peer reviewed original article,
they described that a monoclonal antibody against CLC-1 blocked
the effect of FSGSsera onalbuminpermeability.Moreover, they re-
cently demonstrated that recombinant human CLC-1 increased
the albumin permeability of isolated rat glomeruli. This effect
was inhibited by a heterodimer composed of CLC-1 and co-
secreted molecule cytokine receptor-like factor 1 (CRLF-1) [16]. In
their study, they also described that JAK2 inhibitor or STAT3
inhibitor blocked the effect of CLC-1 or FSGS serum on albumin
permeability. These results suggest that JAK2/STAT3 signalling
might be involved in the effect of circulating permeability factor.
However, the precise roles of CLC-1 in primary FSGS remain to
be determined.

As CLC-1was found in the active fraction from galactose affin-
ity chromatography, Savin’s group described not only that a per-
meability factor in FSGS plasma has a strong affinity for galactose
but its activity is blocked by galactose [17]. Although there are
case reports describing individual patients with FSGS who were
given oral galactose and who demonstrated a reduction in the
permeability of albumin, lowering of proteinuria and stabiliza-
tion of kidney function, its therapeutic effect remains controver-
sial [18]. A Phase II trial to compare standard conservative
therapy (lisinopril, losartan and atorvastatin) versus a novel ther-
apy with adalimumab (a human TNF-α antibody) and galactose
has been completed and the results are awaited [19].

Anti-CD40 antibodies

Recently, Delville et al. [20] described a potential circulating anti-
body that can contribute to FSGS disease pathogenesis. They
evaluated pathogenic antibodies in the recurrence of FSGS after
kidney transplantation utilizing serum samples from 64 patients
with and without recurrent FSGS and 34 non-FSGS control pa-
tients. They screened ∼9000 antigens in pre-transplant sera and
selected 10 antibodies targeting glomerular antigens (TNF recep-
tor superfamily member 6, ribonucleoprotein B, protein tyrosine
phosphatase receptor O, chorionic gonadotropin β, apolipopro-
tein L2, P2Y purinoceptor 11, small nuclear retinoid X receptor
α, chemokine (C–C motif ) ligand 19 and myosin light kinase).
Those antibodies were determined by high-density protein
microarrays and validated with customized enzyme-linked
immunosorbent assays (ELISAs). Among them, anti-CD40 anti-
body had the best correlation with the risk of recurrent FSGS
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after transplantation. CD40, a member of the TNF gene super-
family, is expressed on a variety of cells, including monocytes,
B lymphocytes, antigen-presenting cells, endothelial cells, epi-
thelial cells, smoothmuscle cells and fibroblasts. The interaction
of CD40 with its cognate ligand CD40L plays an important role in
local inflammatory processes by enhancing the expressions of
cytokines, chemokines, adhesionmolecules and othermediators
[21]. Interestingly, although the binding capacity of anti-CD40
antibody to its antigen was very low in the ELISA, a peptide
microarray scan revealed that the immunogenicity of the CD40
protein in the two β-strand regions specifically in the recurrent
FSGS sera was altered, suggesting that a perturbation in the con-
formation of the CD40 proteinmight cause post-transplant recur-
rence of FSGS. This was supported by immunohistochemical
analysis, in which rabbit polyclonal primary antibody against
CD40 did not yield a positive signal in normal kidney tissue,
whereas focal podocyte labelling for CD40 was observed in a
case of recurrent FSGS. Furthermore, anti-CD40 antibodies puri-
fied from recurrent FSGS patients caused injury in human cul-
tured podocytes, and this injury was ameliorated with a
monoclonal blocking antibody against urokinase-type plasmino-
gen activator receptor (uPAR) or with cycloRGDfv, a small mol-
ecule that blocks αvβ3 integrin activity. Injection of anti-CD40
antibodies purified from recurrent FSGS sera to wild-type mice
caused a mild but significant increase in albuminuria during
the first 8 days after injection, and albuminuriawasmarkedly en-
hanced in the presence of soluble urokinase-type plasminogen
activator receptor (suPAR). Based on the time point when in-
creased albuminuria was observed, it is unlikely that this was
an acute effect. In contrast, no effect was observed in CD40-
deficient mice or wild-type mice injected with blocking antibody
to CD40. Based on these results, the authors suggested that the
combination of anti-CD40 antibody and suPAR might contribute
to glomerular injury in mice. Then, what is suPAR?

Soluble urokinase-type plasminogen activator
receptor
After a long search for a circulating permeability factor, suPAR has
attracted attention from nephrologists since Wei et al. [22] sug-
gested that it might be a circulating permeability factor. Prior to
that report, they had described that uPAR expressed in podocytes
might have a deleterious effect on podocyte integrity. uPAR is a
glycosylphosphatidylinositol (GPI)-anchored three-domain (D1,
D2andD3) protein that has beenshown tobe aproteinase receptor
for urokinase but is also involved in non-proteolytic pathways by
forming signalling complexeswith other transmembraneproteins
including integrins, caveolin and G-protein-coupled receptors. It
has been shown that uPAR is expressed in the following various
tissues and cells: monocytes [23], neutrophils [24], activated
T cells [25], endothelial cells [26], keratinocytes [27], fibroblasts
[28], smooth muscle cells [29], megakaryocytes [30] and tumour
cells [31]. In the kidney, the expression of uPAR has been detected
in tubular epithelial cells [32] and podocytes [33]. Coordination
of extracellular matrix proteolysis and cell signalling by uPAR
underlies its biological function in cell migration, proliferation
and survival [34]. Because uPAR lacks transmembrane and intra-
cellular domains, it requires transmembrane co-receptors such
as integrins and vitronectin (Figure 1).

Utilizing uPAR-deficientmice and cultured cells, Wei et al. [33]
demonstrated that lipopolysaccharide (LPS)-induced proteinuria
is dependent upon uPAR. Furthermore, it was demonstrated that
uPAR activation led to foot process effacement and proteinuria

through mechanisms that include the activation of αvβ3 integrin
and the activation of small GTPases cdc42 and Rac1. In contrast, it
has been shown that the expressionofB7-1, a T-cell co-stimulatory
molecule, is induced in injured podocytes in animal models and
in certain human glomerular diseases [35]. Interestingly, Yu et al.
[36] reported that abatacept [cytotoxic T-lymphocyte-associated
antigen 4-immunoglobulin fusion protein (CTLA-4-Ag)] was
effective for patients (five patients in total: four with post-
transplant recurrent FSGS and one patient with primary FSGS)
with B7-1-positive staining in podocytes. Their in vivo studies
revealed that B7-1-mediated podocyte injury and proteinuria
occurs by disrupting the binding of talin to β1 integrin but not
β3 integrin. This finding suggested that abatacept might exert
its protective effect on podocytes by blocking this disruption.
These findings suggest that B7-1 and uPAR might have similar
but different integrin signalling pathways in podocyte injury.

Following the study on uPAR,Wei et al. focused on uPAR’s sol-
uble form molecule, suPAR. uPAR can be released from the plas-
ma membrane as a soluble molecule (suPAR) by cleavage of the
GPI anchor. Elevated serum levels of suPAR have been reported
under various disease conditions, such as sepsis [37], liver cirrho-
sis [38], rheumatic arthritis [39] and malignancies [40]. Wei et al.
described that the serum levels of suPAR were elevated in 70%
of FSGS patients and that the suPAR levels in FSGS patients
were significantly higher than those in patients with MCD (either
in relapse or in remission), membranous nephropathy (MN), pre-
eclampsia or in healthy control subjects. They also reported that
the serum suPAR levels in patients with recurrent FSGS were
significantly higher than those in patients with primary FSGS
or non-recurrent FSGS. In post-transplant recipients 1 year after
transplantation, the patients who developed recurrent FSGS had
significantly higher levels of suPAR than those who did not
develop recurrent FSGS.

In the study by Wei et al., it was also demonstrated that circu-
lating suPAR activated podocyte β3 integrin, suggesting that suPAR
might playacausal role inprimaryFSGS. This indicates that suPAR
might be not only a biomarker, but also a pathogenic permeability
factor for primary FSGS. This article caused considerable excite-
ment in the field. Moreover, this group reported elevated serum
levels of suPAR in two different FSGS cohorts (CT cohort and Podo-
Net cohort) compared with those in healthy control subjects [41].

Fig. 1. uPAR/suPAR and β3 integrin signalling. uPAR activates outside-in signalling

through β3 integrin. Vitronectin, which binds to uPAR and β3 integrin, mediates

the signalling. uPAR is associated with the external surface of the plasma

membrane by a GPI anchor and contains three Ly-6 and uPAR (LU) domains,

which are connected by short linker regions. suPAR is released from the plasma

membrane by cleavage of the GPI anchor. Both uPAR and suPAR can be cleaved

in the region that links domains D1 to D2 to yield a D1 and D2–D3 fragment.
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Morath et al. [42] reported the case of a primary FSGS patient who
had markedly high levels of suPAR and post-transplant recur-
rence. A temporary reduction in suPAR levels due to intensified
plasmapheresis or immunoabsorption decreased podocyte β3
integrin activities measured by AP5 staining. Interestingly, the
downregulated β3 integrin activities were associated with de-
creases inproteinuria. The clinical course of this patient suggested
that recurrent FSGS could be controlled by sustainable lowering of
suPAR levels and β3 integrin activities in podocytes [42].

Is suPAR a diagnostic biomarker?
Following the promising data reported by Wei et al., several clin-
ical studies were conducted worldwide to validate serum suPAR
levels for the diagnosis of primary FSGS. However, data obtained
from various cohorts led to questioning the exciting hypothesis.

Maas et al. [43, 44] were the first to refute the hypothesis,
showing no difference in serum suPAR concentrations among
idiopathic FSGS, secondary FSGS and MCD in their small cohort.
Later, this group reported the suPAR levels in 54 patients with bi-
opsy-proven idiopathic FSGS and 476 non-FSGS patients [45]. In
that study, they found that the serum suPAR level and eGFR
were negatively correlated and that the suPAR levels in idiopathic
FSGS overlapped with those in non-FSGS controls. Taken to-
gether, they concluded that suPAR is not a clinical biomarker
for FSGS [45]. Huang et al. [46] reported the data from a Chinese
cohort. Although plasma suPAR concentrations were significant-
ly higher in patients with primary FSGS than in those with MCD
or MN and those in healthy control subjects, it is notable that
there was no significant difference in suPAR between patients
with primary and secondary FSGS. We performed a multicentre
cross-sectional cohort study of Japanese patients with primary
glomerular diseases including FSGS [47]. The serum suPAR con-
centration in 69 patients with biopsy-proven primary glomerular
diseases (38 patients with primary FSGS, 11 with MCD, 11 with
IgA nephropathy, 9 with MN) was measured by a commercially
available ELISA kit, which has been utilized in all of the suPAR
studies to date. We found a reverse relationship between renal
function and suPAR levels for the entire group of patients.
Among the patients with normal renal function (eGFR >60 mL/
min/1.73 m2), suPAR levels could not discriminate primary
FSGS from any other glomerular diseases or even healthy con-
trols. Because a diagnostic biomarker that can discriminate
FSGS from MCD would be clinically useful, we performed an
ROC analysis to determinewhether suPARcould be a potent diag-
nostic biomarker. However, the area under the ROC curve (AUC-
ROC) was only 0.684 ± 0.114 (95% confidence interval 0.461–0.907,
P = 0.13), suggesting that suPAR cannot be used to differentiate
FSGS fromMCD. In that article, we described the results from an-
other cohort of ANCA-associated glomerulonephritis (ANCA-
GN). Although the cohort was fairly small (n = 5), the average
suPAR level in the patients with ANCA-GN was even higher
(6791.3 ± 1513.0 pg/mL) than in the patients with primary glom-
erular diseases. When we compared this cohort with the sub-
group of patients with primary glomerular disease matched for
age and eGFR, the suPAR levels in the ANCA-GN patients were
still significantly higher than in the non-ANCA-GN patients.
This suggested that inflammation might affect the suPAR
concentration.

suPAR in paediatric cohorts
There are also several reports of suPAR in paediatric cohorts.
Bock et al. [48] found that suPAR levels were higher in children

with non-glomerular kidney diseases than in children with
FSGS. Interestingly, female patients with heavy proteinuria had
lower suPAR levels than those without proteinuria. Moreover,
post-transplantation patients with either FSGS or non-FSGS
had similar suPAR levels as before transplantation, independent
of proteinuria, race or sex. Based on these data, the researchers
also concluded that serum suPAR is unlikely the leading cause
for childhood idiopathic FSGS [48]. Sinha et al. [49] measured
serum suPAR levels prospectively in an Indian cohort of 469 chil-
drenwith renal disease, including steroid-resistant (n = 237), ster-
oid-sensitive (n = 138), congenital nephrotic syndrome (n = 9) and
other proteinuric kidney diseases (n = 85), with samples from
control children (n = 85). A similar percentage of patients in
each group had elevated serum suPAR levels (>3000 pg/mL).
Although approximately half of the children with proteinuric
renal disease had elevated suPAR levels, therewere no significant
differences between the various histopathological disease
groups. The serum suPAR levels were inversely correlated with
eGFR, as in the studies described above, and were directly corre-
latedwithC-reactive protein (CRP). Furthermore, suPAR levels did
not change significantly after therapy or during remission [49].
Harita et al. [50] evaluated serum suPAR levels in Japanese paedi-
atric patients with FSGS (n = 20), steroid-sensitive nephrotic syn-
drome (SSNS, n = 26), chronic glomerulonephritis (CGN, n = 24),
and non-glomerular kidney disease (n = 24). They found that
serum suPAR levels were significantly higher in patients with
FSGS than in patients with SSNS or CGN but were not higher
than in patients with non-glomerular kidney diseases. Of note,
patients with FSGS had lower eGFRs than patients with SSNS or
CGN. Therefore, it is likely that thehigher suPAR levels in patients
with FSGS are attributable to lower renal function. In that study,
again, serum suPAR levels were negatively correlated with eGFR.
Interestingly, serum suPAR levels in four patients who under-
went renal transplantation decreased after transplantation;
however, the same tendencywas observed in three transplant re-
cipients with non-glomerular kidney diseases, indicating that
the decrease in suPAR levels after kidney transplantation is not
disease-specific and that reduction in suPARmight be due to im-
provement of renal function. The authors also observed that
suPAR levels were not significantly high during the acute phase
of post-transplant recurrence of FSGS, even in patients who
responded well to plasmapheresis. These results suggest that
elevated suPAR levels are attributed mainly to impaired renal
function.

Association between serum suPAR and renal
function
As described above, most studies, either of adult or paediatric co-
horts, have shown that the suPAR levels in serum or plasma are
negatively correlated with renal function. In addition to those
studies, several studies that tested a relatively large number of
patients have been reported. Taniguchi et al. [51] reported that
this was the case in a Japanese cohort of 476 patients with CKD,
irrespective of underlying kidney diseases. They also observed
that suPAR levels were also associated with the rate of decline
of renal function. Furthermore, Spinale et al. [52] recently re-
ported the suPAR levels in 241 patients from the prospective, lon-
gitudinal multicentre observational cohort of the Nephrotic
Syndrome Study Network (NEPTUNE). They also found that the
serum suPAR concentration at baseline inversely correlated
with eGFR. In contrast, it should be noted that the initial report
byWei et al. [22] did not provide information on the renal function
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of the patients studied. In their subsequent study of the CT co-
hort, they reported the data from multiple regression analysis
showing that suPARwas negatively associatedwith eGFR at base-
line [41]. Although Li et al. described that serum suPAR levels in
patients with FSGS were significantly higher than those in pa-
tients with MCD or MN, renal function in patients with FSGS
was significantly lower than in other disease groups and the con-
trol subject group. Therefore, we cannot exclude the possibility
that there was some bias in terms of renal function in that
study [53].

Based on all of these results, it is confirmed that serum suPAR
levels are inversely associated with renal function. Although the
behaviour of suPAR in the kidney is unclear at this point, given
that its molecular size is small (20–50 kDa, depending on the
degree of glycosylation and proteolytic cleavage), the molecule
is likely to be filtered through the glomerular slit diaphragm.
Therefore, it is possible that the decline of suPAR excretion
with decreased GFR might cause increased serum levels.

Clinical relevance of urinary suPAR excretion
Several lines of evidence have suggested that urinary suPAR is su-
perior to serum suPAR to differentiate FSGS. Franco Palacios et al.
[54] studied the value of urinary suPAR in the diagnosis of recur-
rent FSGS in pre-transplant urine samples from 86 recipients.
Urinary suPAR levels were elevated exclusively in patients with
recurrent FSGS. In that cohort, urinary suPAR was a significant
predictor of FSGS recurrence both in univariate models and in a
multivariate model [54]. It should be noted that the patients
with post-transplant recurrence had worse renal function and
more proteinuria at baseline. In a Chinese cohort of 110 patients
with glomerular diseases and 26 normal control subjects, it was
shown that urinary suPAR levels were significantly higher in pa-
tients with primary FSGS. The urinary suPAR in patientswith pri-
mary FSGS was positively correlated with proteinuria and the
erythrocyte sediment rate and negatively correlated with plasma
albumin and haemoglobin levels. In contrast, there was no cor-
relation between the urinary suPAR levels and eGFR. This longi-
tudinal analysis demonstrated that the urinary suPAR levels in
patients with complete remission decreased significantly [55].
In contrast, Spinale et al. [52] described that urinary suPAR was
not an independent predictor of FSGS after adjusting for eGFR
and urinary protein in patients from the NEPTUNE cohort.
What caused the inconsistent results? When we compare the
NEPTUNE cohort [52] and the Chinese cohort [55], the patients
with primary FSGS in the Chinese cohort had more severe pro-
teinuria and hypoalbuminemia. Renal function was estimated
to be largely comparable across the cohorts. Although Spinale
et al. showed that urinary protein and urinary suPARwere signifi-
cantly correlated in the entire cohort, it was demonstrated that
urinary protein and suPAR were correlated only in the primary
FSGS cohort in the Chinese study. Thus, the levels of urinary pro-
tein excretionmight have caused the difference in urinary suPAR
in these studies; however, further analyses are needed for a
definite conclusion.

Is suPAR a pathogenic factor for FSGS?
Above, wemainly discussed the validity of suPAR as a diagnostic
biomarker. Because the term ‘permeability’ refers to the in-
creased leakiness of the glomerular filtration barrier, leading to
proteinuria [56], it is important to know whether this molecule
has a function that damages the slit diaphragm and causes pro-
teinuria. Several study groups have tested the pathological

potential of suPAR in animal studies (Table 1). Wei et al. used im-
munoprecipitation to demonstrate that suPAR could interact
with β3 integrin. In in vitro experiments, Wei et al. observed that
serum from patients with recurrent FSGS who had high levels
of suPAR or recombinant suPAR strongly induced the AP5 signal,
indicating that β3 integrin signalling was activated. Activation of
podocyte β3 integrin signalling was also shown in the human bi-
opsy specimens from patients with primary or recurrent FSGS.
Moreover, they demonstrated that suPAR caused proteinuria
and FSGS, utilizing three different mouse models including
uPAR knockout mice injected with recombinant suPAR, hybrid-
transplantmicemodelling endogenous suPAR release and genet-
ically engineered wild-type mice that drive the expression of a
suPAR plasmid in the skin [22].

In contrast, Spinale et al. [52] could not reproduce the patho-
genic effects of suPAR in their recent study. They utilized wild-
type mice injected with Fc-chimaeric uPAR as an acute model;
however, they did not observe an increase in urine protein excre-
tion at 12 or 24 h after the injection, although serum levels of
suPAR showed a 12-fold increase at 4 h and a nearly 6-fold in-
crease in suPAR persisted at 24 h. As a chronic model, Spinale
et al. generated an inducible transgenic mouse that can express
suPAR in its liver. Although serum suPAR concentration in-
creased approximately 2-fold by Day 13 and nearly 3-fold at
Day 44,when the experimentwas terminated, urinary protein ex-
cretion was not detected. These results suggest that the upregu-
lation of suPAR in circulation might not be pathogenic. In
addition, Cathelin et al. [57] also investigated the effects of forced
increases in suPAR levels in mice. In that experiment, they failed
to induce podocyte injury or proteinuria by injection of mono-
meric mouse uPAR produced in eukaryotic S2 cells or uPAR/Fc
chimaera, even though glomerular deposits of suPAR were ob-
served. As discussed above and as shown in the table, the studies
on the pathogenesis of suPAR used different uPAR/suPAR mole-
cules. Monomeric three-domain mouse suPAR was produced in
Drosophila melanogaster S2 cells and used in the study by Cathelin
et al. This monomeric mouse suPAR is structurally well-charac-
terized [58]. The recombinant uPAR/Fc chimaera protein pro-
duced in mouse NS0 cells can be structurally regarded as a
circulating molecule, and in fact, elevated levels of suPAR were
detected by ELISA in the injected mice [52]. The administration
of this molecule induced significant proteinuria in Plaur-defi-
cient mice [22] but not in wild-type mice [52, 57]. Delville et al.
used recombinant human suPAR in their study. Their animal
study revealed that proteinuria induced by anti-CD40 antibody
was exacerbated in the presence of this human suPAR.

Wei et al.used amouse suPARcDNA clone (IMAGE cDNA clone
3158012; Table 1) to evaluate the effects of chronic overexpres-
sion of suPAR. This clone, which contains coding sequence for
the D1 and D2 domains, was delivered into mice skin by in vivo
electroporation. Actually, this clone contains a retained intron 4
that results in a frameshift mutation at the site corresponding to
amino acid residue 133 within the second uPAR domain and
premature termination of translationwithin the uPARD2domain
(Figure 1). Based on its predicted structure, somehave questioned
whether this cDNA could produce a properly folded and stable
protein.

In response to these findings, Reiser has recently proposed
that different forms of suPAR might exist and that the suPAR
measured presently might not contribute to FSGS. Sever and Rei-
ser presented their data on the D2–D3 fragment of suPAR at the
American Society of Nephrology’s 2014 Kidney Week (11–16 No-
vember 2014, Philadelphia, PA) and suggested that the D2–D3
fragment of suPAR, which was specifically detected in sera
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Table 1. Comparison of animal studies on the effects of suPAR

Form of suPAR studied
Source of
suPAR

Genetic
background Sex Genetic modification Intervention

Time course
of studies

Outcome
measured Results References

Mouse recombinant
uPAR/Fc chimaera (R&D
Systems)

Mouse NS0
cells

C57BL/6a Female Plaur−/− suPAR (>20 µg) i.v. ∼24 h u-Alb, AP5
staining

Increase in u-Alb,
increased β3 integrin
activity

[22]

(Endogenous suPAR) N/A C57BL/6a Female Wild-type, transplanted
with a Plaur−/− kidney

LPS (10 mg/kgBW) i.p. 24 h EM FP effacement [22]

suPAR splice variant
(D1, D2)

Mouse skin C57BL/6a Female Wild-type suPAR plasmidb induced
into the skin, once a
week

4 weeks u-Alb, EM Increase in u-Alb, FP
effacementc

[22]

Recombinant human
suPAR (R&D Systems)

Mouse NS0
cells

C57BL/6J Female Wild-type anti-CD40 IgGd/suPAR
(10 µg) i.v.

8 days u-Alb (ELISA) Increase in u-Alb [20]

Recombinant human
suPAR (R&D Systems)

Mouse NS0
cells

C57BL/6J Female CD40−/− anti-CD40 IgGd/suPAR
(10 µg) i.v.

8 days u-Alb (ELISA) Increase in u-Alb [20]

Monomeric mouse uPAR Drosophila S2
cells

C57BL/6J or
129S2SvPasCl

Female Wild-type suPAR i.v. or i.p 2–24 h u-Alb (SDS-
PAGE, ELISA)/
EM

No increase in u-Alb, no
damage in podocytes

[57]

Mouse recombinant uPAR/
Fc chimaera (R&D
Systems)

Mouse NS0
cells

C57BL/6J or
129S2SvPasCl

Female Wild-type suPAR (20–100 µg) i.v.
or i.p

2–24 h u-Alb (SDS-
PAGE, ELISA)/
EM

No increase in u-Alb, no
damage in podocytes

[57]

Monomeric mouse uPAR Drosophila S2
cells

C57BL/6J Female Wild-type LPS (10 mg/kgBW)
i.p. + suPAR (25 µg/
mouse)

4–48 h u-Alb (SDS-
PAGE, ELISA)

No increase in u-Alb [57]

Mouse recombinant uPAR/
Fc chimaera (R&D
Systems)

Mouse NS0
cells

C57BL/6J Female Wild-type LPS (11 mg/kgBW) i.
p. + suPAR (25 µg/
mouse)

4–48 h u-Alb (SDS-
PAGE, ELISA)

No increase in u-Alb [57]

Monomeric mouse uPAR Drosophila S2
cells

C57BL/6J Female Wild-type suPAR (200 µg) infused
over 7 days (osmotic
pump)

7 days u-Alb (ELISA) No increase in u-Alb [57]

Mouse recombinant uPAR
Fc chimaera (Sino
Biological)

Mouse NS0
cells

FVB Unknown Wild-type suPAR (20 µg) i.v. ∼24 h u-Alb (ELISA) No increase in u-Alb [52]

suPAR (D1D2D3) Mouse liver FVB Unknown Liver-specific inducible
suPAR Tg mouse

N/A ∼44 days u-Alb (ELISA) No increase in u-Alb [52]

u-Alb, urinary albumin; LPS, lipopolysaccharide; FP, foot process; EM, histopathological changes observed in electron microscopy; Tg, transgenic.
aOriginally on a mixed background (C57BL/6, 75%; 129, 25%), backcrossed to C57BL/6 mice >10 times.
bIMAGE cDNA clone 3158012.
cDecreased proteinuria and improved FP structures were observed in the mice to which anti-uPAR monoclonal antibody (500 µg/kg body weight) was administrated.
dIsolated from the patients with recurrent FSGS.
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from patients with FSGS, contributes to FSGS through the activa-
tion of αvβ3 integrin signalling. This is notable data; however, fur-
ther investigation is needed to validate the pathological roles of
the D2–D3 fragment of suPAR in primary or recurrent FSGS. The
established ELISA system to measure this fragment is also
awaited because the present ELISA kit measures the entire
suPAR, including whole suPAR and fragments, and uPAR linked
to exosome might also account for a part of readouts.

Conclusion
Identification of a valid circulating permeability factor that
causes primary or recurrent FSGS has been one of the major is-
sues in nephrology. As discussed above, the emergence of
suPAR as a potential factor has certainly activated this research
field. However, the potential of serum suPAR as a diagnostic
biomarker has been fading as numerous studies have revealed
that serum suPAR concentration measured by the presently
available commercial uPAR ELISA is inversely correlated with
renal function and that it cannot differentiate primary FSGS
from other glomerular diseases. However, the elucidation of
pathological roles of suPAR (or a certain form of suPAR) in podo-
cyte injury and FSGS would cause renewed excitement. At the
same time, recent advances in technology (or a tweak of existing
technology, as seen in the discovery of phospholipase A2 recep-
tor as amajor antigen in idiopathic MN)might lead us to find real
treasure.

Funding
This work was supported by a Grant-in-Aid for Progressive Renal
Diseases Research, Research on Intractable Disease, from the Min-
istry ofHealth, Labour andWelfare of Japanand byCharitable Trust
Araki Memorial Foundation for Biochemical Research (to T.W.).

Conflicts of interest statement
None declared.

References
1. D’Agati VD, Kaskel FJ, Falk RJ. Focal segmental glomerulo-

sclerosis. N Engl J Med 2011; 365: 2398–2411
2. Kestila M, Lenkkeri U, Mannikko M et al. Positionally cloned

gene for a novel glomerular protein—nephrin—is mutated
in congenital nephrotic syndrome. Mol Cell 1998; 1: 575–582

3. Gbadegesin R, Hinkes B, Vlangos C et al. Mutational analysis
of NPHS2 and WT1 in frequently relapsing and steroid-
dependent nephrotic syndrome. Pediatr Nephrol 2007; 22:
509–513

4. Kitiyakara C, Kopp JB, Eggers P. Trends in the epidemiology of
focal segmental glomerulosclerosis. Semin Nephrol 2003; 23:
172–182

5. Vincenti F, Ghiggeri GM. New insights into the pathogenesis
and the therapy of recurrent focal glomerulosclerosis. Am J
Transplant 2005; 5: 1179–1185

6. Davenport RD. Apheresis treatment of recurrent focal seg-
mental glomerulosclerosis after kidney transplantation: re-
analysis of published case-reports and case-series. J Clin
Apher 2001; 16: 175–178

7. Matalon A, Markowitz GS, Joseph RE et al. Plasmapheresis
treatment of recurrent FSGS in adult renal transplant recipi-
ents. Clin Nephrol 2001; 56: 271–278

8. Zimmerman SW. Increased urinary protein excretion in the
rat produced by serum from a patient with recurrent focal
glomerular sclerosis after renal transplantation. Clin Nephrol
1984; 22: 32–38

9. Sharma M, Sharma R, Reddy SR et al. Proteinuria after injec-
tion of human focal segmental glomerulosclerosis factor.
Transplantation 2002; 73: 366–372

10. Avila-CasadoMdel C, Perez-Torres I, AuronA et al. Proteinuria
in rats induced by serum from patients with collapsing glo-
merulopathy. Kidney Int 2004; 66: 133–143

11. Savin VJ, Sharma R, Sharma M et al. Circulating factor asso-
ciated with increased glomerular permeability to albumin
in recurrent focal segmental glomerulosclerosis. N Engl J
Med 1996; 334: 878–883

12. Kemper MJ, Wolf G, Muller-Wiefel DE. Transmission of glom-
erular permeability factor from amother to her child.N Engl J
Med 2001; 344: 386–387

13. Gallon L, Leventhal J, Skaro A et al. Resolution of recurrent
focal segmental glomerulosclerosis after retransplantation.
N Engl J Med 2012; 366: 1648–1649

14. Korbet SM. Clinical picture and outcome of primary focal seg-
mental glomerulosclerosis. Nephrol Dial Transplant 1999; 14
(Suppl 3): 68–73

15. McCarthy ET, Sharma M, Savin VJ. Circulating permeability
factors in idiopathic nephrotic syndrome and focal segmen-
tal glomerulosclerosis.Clin J AmSocNephrol 2010; 5: 2115–2121

16. Sharma M, Zhou J, Gauchat JF et al. Janus kinase 2/signal
transducer and activator of transcription 3 inhibitors attenu-
ate the effect of cardiotrophin-like cytokine factor 1 and
human focal segmental glomerulosclerosis serum on glom-
erular filtration barrier. Transl Res 2015; 166: 384–398

17. Savin VJ, McCarthy ET, Sharma R et al. Galactose binds to
focal segmental glomerulosclerosis permeability factor and
inhibits its activity. Transl Res 2008; 151: 288–292

18. Sgambat K, Banks M, Moudgil A. Effect of galactose on glom-
erular permeability and proteinuria in steroid-resistant
nephrotic syndrome. Pediatr Nephrol 2013; 28: 2131–2135

19. Trachtman H, Vento S, Gipson D et al. Novel therapies for re-
sistant focal segmental glomerulosclerosis (FONT) phase II
clinical trial: study design. BMC Nephrol 2011; 12: 8

20. Delville M, Sigdel TK,Wei C et al. A circulating antibody panel
for pretransplant prediction of FSGS recurrence after kidney
transplantation. Sci Transl Med 2014; 6: 256ra136

21. Chatzigeorgiou A, Lyberi M, Chatzilymperis G et al. CD40/
CD40L signaling and its implication in health and disease.
Biofactors 2009; 35: 474–483

22. Wei C, El Hindi S, Li J et al. Circulating urokinase receptor as a
cause of focal segmental glomerulosclerosis. Nat Med 2011;
17: 952–960

23. Estreicher A, Muhlhauser J, Carpentier JL et al. The receptor
for urokinase type plasminogen activator polarizes expres-
sion of the protease to the leading edge of migrating mono-
cytes and promotes degradation of enzyme inhibitor
complexes. J Cell Biol 1990; 111: 783–792

24. Plesner T, PlougM, EllisV et al. The receptor for urokinase-type
plasminogen activator andurokinase is translocated from two
distinct intracellular compartments to the plasmamembrane
on stimulation of human neutrophils. Blood 1994; 83: 808–815

25. Nykjaer A, Moller B, Todd RF III et al. Urokinase receptor. An
activation antigen in human T lymphocytes. J Immunol 1994;
152: 505–516

26. BarnathanES,KuoA,KarikoK et al. Characterizationofhuman
endothelial cell urokinase-type plasminogen activator recep-
tor protein and messenger RNA. Blood 1990; 76: 1795–1806

714 | T. Wada and M. Nangaku

C
L
IN

IC
A
L
K

ID
N
E
Y
JO

U
R
N
A
L



27. Grondahl-Hansen J, Lund LR, Ralfkiaer E et al. Urokinase- and
tissue-type plasminogen activators in keratinocytes during
wound reepithelialization in vivo. J Invest Dermatol 1988; 90:
790–795

28. Plow EF, Freaney DE, Plescia J et al. The plasminogen system
and cell surfaces: evidence for plasminogen and urokinase
receptors on the same cell type. J Cell Biol 1986; 103: 2411–2420

29. Reuning U, Little SP, Dixon EP et al. Effect of thrombin, the
thrombin receptor activation peptide, and other mitogens
on vascular smooth muscle cell urokinase receptor mRNA
levels. Blood 1994; 84: 3700–3708

30. Wohn KD, Kanse SM, Deutsch V et al. The urokinase-receptor
(CD87) is expressed in cells of the megakaryoblastic lineage.
Thromb Haemost 1997; 77: 540–547

31. Thuno M, Macho B, Eugen-Olsen J. suPAR: the molecular
crystal ball. Dis Markers 2009; 27: 157–172

32. Florquin S, van den Berg JG, Olszyna DP et al. Release of uro-
kinase plasminogen activator receptor during urosepsis and
endotoxemia. Kidney Int 2001; 59: 2054–2061

33. Wei C,Moller CC, AltintasMM et al. Modification of kidney bar-
rier functionby theurokinase receptor.NatMed 2008; 14: 55–63

34. Smith HW, Marshall CJ. Regulation of cell signalling by uPAR.
Nat Rev Mol Cell Biol 2010; 11: 23–36

35. Reiser J, von Gersdorff G, Loos M et al. Induction of B7-1 in po-
docytes is associated with nephrotic syndrome. J Clin Invest
2004; 113: 1390–1397

36. Yu CC, Fornoni A, Weins A et al. Abatacept in B7-1-positive
proteinuric kidney disease. N Engl J Med 2013; 369: 2416–2423

37. Backes Y, van der Sluijs KF, Mackie DP et al. Usefulness of
suPAR as a biological marker in patients with systemic in-
flammation or infection: a systematic review. Intensive Care
Med 2012; 38: 1418–1428

38. Berres ML, Schlosser B, Berg T et al. Soluble urokinase plas-
minogen activator receptor is associated with progressive
liver fibrosis in hepatitis C infection. J Clin Gastroenterol
2012; 46: 334–338

39. Slot O, Brunner N, Locht H et al. Soluble urokinase plasmino-
gen activator receptor in plasma of patients with inflamma-
tory rheumatic disorders: increased concentrations in
rheumatoid arthritis. Ann Rheum Dis 1999; 58: 488–492

40. Mazar AP, Henkin J, Goldfarb RH. The urokinase plasminogen
activator system in cancer: implications for tumor angiogen-
esis and metastasis. Angiogenesis 1999; 3: 15–32

41. Wei C, Trachtman H, Li J et al. Circulating suPAR in two co-
horts of primary FSGS. J Am Soc Nephrol 2012; 23: 2051–2059

42. Morath C, Wei C, Macher-Goeppinger S et al. Management of
severe recurrent focal segmental glomerulosclerosis through
circulating soluble urokinase receptor modification. Am J
Ther 2013; 20: 226–229

43. Maas RJ, Wetzels JF, Deegens JK. Serum-soluble urokinase re-
ceptor concentration in primary FSGS. Kidney Int 2012; 81:
1043–1044

44. Maas RJ, Deegens JK,Wetzels JF. Serum suPAR in patientswith
FSGS: trash or treasure? Pediatr Nephrol 2013; 28: 1041–1048

45. Meijers B, Maas RJ, Sprangers B et al. The soluble urokinase
receptor is not a clinical marker for focal segmental glomer-
ulosclerosis. Kidney Int 2014; 85: 636–640

46. Huang J, Liu G, Zhang YM et al. Plasma soluble urokinase re-
ceptor levels are increased but do not distinguish primary
from secondary focal segmental glomerulosclerosis. Kidney
Int 2013; 84: 366–372

47. Wada T, Nangaku M, Maruyama S et al. A multicenter cross-
sectional study of circulating soluble urokinase receptor in
Japanese patients with glomerular disease. Kidney Int 2014;
85: 641–648

48. Bock ME, Price HE, Gallon L et al. Serum soluble urokinase-
type plasminogen activator receptor levels and idiopathic
FSGS in children: a single-center report. Clin J Am Soc
Nephrol 2013; 8: 1304–1311

49. SinhaA, Bajpai J, Saini S et al. Serum-soluble urokinase recep-
tor levels do not distinguish focal segmental glomerulo-
sclerosis from other causes of nephrotic syndrome in
children. Kidney Int 2014; 85: 649–658

50. Harita Y, Ishizuka K, Tanego A et al. Decreased glomerular fil-
tration as the primary factor of elevated circulating suPAR le-
vels in focal segmental glomerulosclerosis. Pediatr Nephrol
2014; 29: 1553–1560

51. Taniguchi Y, ShimamuraY,Horino T et al. Serum levels of sol-
uble urokinase plasminogen activator receptor in Japanese
patients with chronic kidney disease. Kidney Int 2014; 86:
209–210

52. Spinale JM, Mariani LH, Kapoor S et al. A reassessment of sol-
uble urokinase-type plasminogen activator receptor in glom-
erular disease. Kidney Int 2015; 87: 564–574

53. Li F, Zheng C, Zhong Y et al. Relationship between serum sol-
uble urokinase plasminogen activator receptor level and
steroid responsiveness in FSGS. Clin J Am Soc Nephrol 2014;
9: 1903–1911

54. Franco Palacios CR, Lieske JC, Wadei HM et al. Urine but not
serum soluble urokinase receptor (suPAR) may identify
cases of recurrent FSGS in kidney transplant candidates.
Transplantation 2013; 96: 394–399

55. Huang J, Liu G, Zhang YM et al. Urinary soluble urokinase re-
ceptor levels are elevated and pathogenic in patients with
primary focal segmental glomerulosclerosis. BMC Med 2014;
12: 81

56. Jefferson JA, Shankland SJ. Has the circulating permeability
factor in primary FSGS been found? Kidney Int 2013; 84:
235–238

57. Cathelin D, Placier S, Ploug M et al. Administration of recom-
binant soluble urokinase receptor per se is not sufficient to
induce podocyte alterations and proteinuria in mice. J Am
Soc Nephrol 2014; 25: 1662–1668

58. Gardsvoll H, PlougM.Mapping of the vitronectin-binding site
on the urokinase receptor: involvement of a coherent recep-
tor interface consisting of residues from both domain I and
the flanking interdomain linker region. J Biol Chem 2007;
282: 13561–13572

Circulating permeability factors in FSGS | 715

C
L
IN

IC
A
L
K

ID
N
E
Y
JO

U
R
N
A
L



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


