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Abstract. A 79-year-old man was ad-
mitted to our hospital for proteinuria due to
nephrotic syndrome. Renal biopsy revealed
focal sclerosis and foam cell infiltration in the
glomerulus. In addition, electron microscop-
ic findings (EM) revealed peculiar electron-
dense deposits (EDDs) in both sides of the
glomerular basement membrane. Although
subepithelial deposits had spike formation
highly resembling those seen in membra-
nous nephropathy (MN), immunoglobulins
and complements were not identified by im-
munofluorescence study, and microbubbles
appeared in high magnification of EM differ-
ent from the immune disease. The analysis of
apolipoprotein (Apo) E showed an elevated
concentration of plasma ApoE. The pheno-
type, genotype, and DNA sequence studies
revealed homozygous ApoE2/2 and a novel
missense mutation called ApoE Toyonaka
(Ser197Cys). This case may confirm the
independent responsibility of ApoE2/2 and
ApoE Toyonaka for ApoE2 homozygote
glomerulopathy and MN-like EDD findings,
respectively.

Introduction

Hyperlipoproteinemia (HLP) is some-
times associated with glomerular injuries
due to apolipoprotein (Apo) E, one of the
important components of lipoprotein, also
called lipoprotein glomerulopathy (LPG)
[1] and ApoE2 homozygote glomerulopathy.
The former is developed with various hetero-
zygous ApoE variants like ApoE Sendai [2]
and ApoE Kyoto [3] and shows typical his-

tological findings of lipoprotein thrombi in
dilated glomerular capillaries [1]. The latter
is characterized by type III HLP with homo-
zygous ApoE2/2 and shows sclerotic lesions
and foam cells in the glomerulus [4]. In fact,
among the three representative isoforms of
apolipoproteins, ApoE2 has a low-binding
affinity to low-density lipoprotein receptor
of only 2% compared to that of wild-type
apolipoprotein, ApoE3 [5], and, occasion-
ally, ApoE2/2 develops type 111 HLP.

We recently encountered a case of ne-
phrotic syndrome (NS) accompanying type
II hyperlipidemia. The analysis of APOE
gene revealed not only ApoE2/2 homozygos-
ity but also a novel mutation named ApoE
Toyonaka [6]. The pathological findings were
the association between ApoE2 homozygote
glomerulopathy and membranous nephropa-
thy (MN) like capillary wall lesion. The pe-
culiar clinical and pathological characteris-
tics suggested a new form of ApoE-related
glomerular disease other than LPG and
ApoE2 homozygote glomerulopathy, which
can be induced by the combination of a novel
ApoE mutation and homozygous E2/2.

Case presentation

Patient

A 79-year-old man was admitted to the
Department of Nephrology, Kansai Electric
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Figure 1.

Power Hospital on January 14, 2014, for
proteinuria. He had been followed up for hy-
pertension and dyslipidemia in a local clinic
since the age of 50. He had experienced sev-
eral vascular events, such as total occlusion
in the common iliac artery at the age of 63
and two histories of cerebral infarction at the
ages of 70 and 77. He had 30 years of smok-
ing history but no alcohol habit. He had no
family history of kidney disease except for
one cousin showing end-stage renal disease
of unknown etiology. During his initial ad-
mission to our hospital, his urine protein
level was 5.4 g/g Cr, and serum albumin was
3.2 g/dL; he was discharged because his con-
dition was stable. Ten months later, edema of
his lower limbs worsened, and renal biopsy
was performed on his second admission.

On the second hospitalization, physical
examination showed the following: height

Light microscopic findings. a: Most glomeruli showed segmental infiltration of foam cells in the
capillary lumen (black arrows). b: Sudan lll-positive staining for lipid (black arrows) is observed in the
mesangium and infiltrating foam cells (original magnification x 400). c: In higher magnification, PAM stain-
ing revealed partial double contour formation and spike-like lesions (white arrows). d: PAM staining re-
vealed partial bubble-type appearance (white arrows).

of 169 cm, weight of 70 kg, body mass index
of 24.5, and blood pressure of 180/88 mmHg.
Laboratory findings revealed a nephrotic
range of urine protein, 9.15 g/g Cr accompa-
nying microscopic hematuria of dysmorphic
10 — 19 RBC/HPF, and total serum protein
and albumin of 4.8 and 1.8 g/dL, respective-
ly. Serum creatinine was 0.95 mg/dL, AST
was 29 IU/L, ALT was 14 IU/L, and ALP
was 188 IU/L. Serological examination re-
vealed serum IgG, IgA, and IgM of 875, 344,
and 52 mg/dL, respectively. Antinuclear and
antineutrophil cytoplasmic antibodies were
negative.

Lipid analysis revealed elevated to-
tal cholesterol (259 mg/dL), triglyceride
(376 mg/dL), and LDL cholesterol (167
mg/dL) levels, and a low HDL cholesterol
level (45 mg/dL). The serum ApoE level was
13.6 mg/dL (normal range: 2.8 — 4.6 mg/



Nephrotic syndrome in combination with ApoE 2/2 and E Toyonaka 47

Figure 2. Electron microscopic findings. a: EDDs were observed in subepithelial lesion with membranous
nephropathy-like spike formation of the basement membrane (x 2,500). b: Highly-magnified subepithelial
position (%) (x 200,000).

dL). An oral glucose tolerance test showed
no abnormality, and his hemoglobin Alc
was 5.7%. Although hypertriglyceridemia
was marked, systemic abnormalities char-
acteristic of hyperlipidemia, such as corneal
opacities, xanthoma, and Achilles tendon hy-
pertrophy, were not found. Moreover, the pa-
tient had no family history of hyperlipidemia
and diabetes mellitus.

Renal biopsy

Light microscopy (LM) revealed that
the specimens contained 27 glomeruli, 8 of
which showed global sclerosis (29.6%). Most
glomeruli showed segmental sclerosis, infil-
tration of foam cells containing lipid deposits
in capillary lumen (Figure la). In periodic
methenamine silver (PAM)-stained sections,
spike formation and bubbling were detect-
ed on the glomerular basement membrane
(GBM) (Figure 1c, d). Mild to severe arte-
riosclerosis and arteriolosclerosis were also
seen. Fibrosis was observed in ~ 20% of the
whole interstitial area. Intriguingly, Sudan III
staining was strongly positive not only in the
mesangial and infiltrating foam cells but also
in the focal capillary lumen in the glomerulus
(Figure 1b). Immunofluorescence (IF) studies
demonstrated subtle granular staining for IgG
along the capillary wall; however, C3 was not
detected (data not shown). Electron micro-
scopic (EM) findings analysis showed elec-
tron-dense deposits (EDDs) with a variety

of densities and distributions. Highly-dense
deposits accompanied by spike formation
identical to MN were seen in the subepithe-
lial area (Figure 2a, b). In the subendothelial
area, highly dense EDDs were detected but in
higher magnification, and microbubbles were
contained (Figure 3a, b). Effacement of foot
process was also accompanied with these
depositions. In addition, EM findings dem-
onstrated that the capillary lumina was filled
with lipid deposits that did not show lamellar
formation similar to “lipid thrombi” in LPG.

Analysis of ApoE mutation

Plasma ApoE phenotypes were analyzed
by isoelectric focusing in polyacrylamide gel
electrophoresis and immunoblotting analysis
as previously reported [2, 3]. The patient’s
sample showed the position of ApoE2/2
(Figure 4a, Lane 1).

The APOE genotype was determined by
restriction fragment length polymorphism
(RFLP) analysis as described previously [2,
3]. The PCR products were digested with the
restriction enzyme Hhal. Genotype €2/2 in
the patient was identified by 91- and 83-bp
fragments (Figure 4b, Lane 1). The ApoE
Toyonaka (Ser197Cys) as shown in Figure
4d was also confirmed by RFLP analysis di-
gested with Sacl (Figure 4¢). Genomic DNA
was amplified by polymerase chain reaction
(PCR) using oligonucleotide primers, sense
5'-CGTGCGGGCCGCCACTGTGAGCT-3’
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Figure 3. Electron microscopic findings. a: EDDs with various sizes and densities were observed also in
the subendothelial lesions. Severe effacement of podocytes was noted (x 2,500). The capillary lumen was
filled with lipid deposits that did not show a lamellar formation (%3). b: In higher magnification, EDDs with
a high density consist of microbubbles or microcysts (%) (x 200,000).

a) ApE Phenotype b) ApoE Genotype c) RFLP for apoE Toyonaka
1 2 3 4 ! 2 M 4
E22 E2? E3T E4id 22 B3 27 e M4 2 3
(bp)
1: patient 1: Patient M:moleular size marker
2,3/4: control a4
234:control 1: PCR product
E4 — 339 2: patient
E3 — 3: normal control
E2 —
Restriction enzyme: Hhal Restriction enzyme: Sacl
12% polyacrylamide/TBE & % polyacrylamide/TBE

d) Direct Sequence of APOE gene

<sense>
192 193 194 195 196 197 198 139 200

Ala Ala Thr Val Gly Ser Leu Ala Gly HNormal

GCC GCCACTGTE EGCTCC CTGGCE GG C
GCC GCCACTGTEGGC TGC CTEGCE GG C
A T Y Yy sy oy
Ala Ala Thr Val Gly Cys Leu Ala Gly Mutant
GCCGCCACTGTGGGCTCCCTGGCCGGC
G
c.644

c.644 C>G: Ser197Cys (heterozygote)

Figure 4. Phenotype, genotype, and DNA sequence of ApoE in this patient. a: ApoE phenotype analysis.
The patient was identified as E2/2 (lane 1). Controls (lanes 2, 3, and 4) show E2/3, E3/3, and E3/4, respec-
tively. b: APOE genotype analysis by RFLP using Hhal as a restriction enzyme. The patient was identified
as €2/2. Controls (lanes 2, 3, and 4) show €2/2, £€3/4, and £3/3, respectively. c: RFLP for ApoE Toyonaka
using Sacl as a restriction enzyme. Lanes M, 1, 2, and 3 show marker, PCR only, the patient (ApoE
Toyonaka), and normal control, respectively. d: Sequence analysis of APOE gene. A heterozygous mis-
sense mutation (c.644 C>G) in exon 4 leads to an amino acid substitution Cys (TGC, lower) for Ser (TCC,
upper) at codon 197.

and antisense 5-TCGCATGGCTGCAG- mutation of ApoE Toyonaka (Lane 2). Direct
GCTTCGGCGTTC-3'. The 335-bp frag- sequencing of APOE DNA was performed
ment after cleavage by Sacl suggested nor-  as described previously [7]. Based on the
mal ¢.644C of ApoE in codon 197 (Lane 3).  results, we identified a homozygous poly-
The 358- and 335-bp fragments after cleav-  morphism at codon 158 (e2/2: ¢.526 C>T:
age by Sacl showed a heterozygous novel  Argl58Cys) (data not shown) and a hetero-
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zygous missense mutation (C to G) in exon
4 leading to an amino acid substitution Cys
(TGC) for Ser (TCC) at codon 197 (c.644
C>G: p.S215C: Ser197Cys) (Figure 4d). All
these findings were the same as that of a pre-
vious case of ApoE2/2 and ApoE Toyonaka
showing MN-like glomerular histology [6].

Clinical course after biopsy

For hypertriglyceridemia, fibrate 400 mg/
day was started. Obtaining the results of the
IF and EM studies, which did not deny im-
mune-related MN like lesions, PSL 10 mg/
day and cyclosporine (CyA) 75 mg/day for
NS were started. These treatments brought
about a substantial improvement of hyper-
triglyceridemia and complete remission of
NS by 300 days after admission. During
maintenance therapy with oral PSL 5 mg and
CyA 75 mg/day, he had cerebral infarction
and aspiration pneumonia. After withdrawal
of CyA, his NS relapsed with an increase of
proteinuria more than 1 g/day.

Discussion

In this report, a patient clinically pre-
sented with NS, and renal biopsy revealed
segmental sclerosis and infiltration of foam
cells in the capillary lumina in LM, similar
to those of ApoE2 homozygote glomeru-
lopathy with type III HLP [4]. In addition,
spike formation was partially seen with PAM
staining, and EM confirmed various EDDs
in the subendothelial and subepithelial areas
with apparent spike formation in a part of
the GBM. These unique EDDs were proved
to be formed by microbubbles in a highly-
magnified EM.

Type 111 HLP occurs in ~ 10% of the pop-
ulation who are homozygous for ApoE2. The
ApoE2 allele is found in ~ 8% of the popula-
tion, and ApoE2/2 occurs with a frequency
of ~0.3% and 1% in Japanese [8] and Cauca-
sian [9] populations, respectively. That only
a minority of ApoE2 homozygotes develop
type III HLP implies a multifactorial disor-
der. ApoE2 homozygote cases develop type
IIT HLP when some genetic, hormonal, and
environmental factors are added to ApoE2
mutation [10, 11]. Patients who present renal
lipidosis with homozygous E2/2, also called

ApoE2 homozygote glomerulopathy, are
much rarer [4].

Although ApoE2 homozygote glomeru-
lopathy is characterized by foam cell infil-
tration in the intracapillary and mesangial
areas in general [4, 12, 13], Sakatsume et al.
[14] reported a case showing subendothelial
EDDs with slight subepithelial EDDs. Simi-
lar findings were presented in a few cases of
LPG, the other ApoE-related glomerulopathy
[15, 16]. In contrast to these cases, obvious
subepithelial deposits forming spike forma-
tions of MN were recognized in the current
case. However, these EDDs were different
from those of immunogenetic MN because
microbubbles were observed by high-power
EM instead of immune deposits defined by
IF. Intracapillary lipid deposits with positive
Sudan III staining were also focally observed
in our case, but these never showed the la-
mellar formation typically observed in LPG
by EM.

Recently, Fukunaga et al. [6] reported a
case with homozygous E2/2 and ApoE Toy-
onaka that showed MN-like subepithelial
EDDs. However, their case seemed different
from MN, one of the representative immune
diseases, because immunoglobulins and
complements were not included in EDDs.
Meanwhile, microbubbles were recognized
by high-power EM. Although lipoprotein
thrombi and foam cells were not observed in
their case [6], characteristics of EDD were
very similar to those of our case, and the in-
teraction between a novel ApoE Toyonaka
and homozygous E2/2 may contribute to the
development of EDD similar to our case.

The precise mechanism of how ApoE
Toyonaka is involved in renal impairment is
unknown. However, unlike other ApoE mu-
tations associated with renal involvement,
such as LPG and ApoE2 homozygote glo-
merulopathy, ApoE Toyonaka (Ser197Cys)
is expressed in the hinge region (amino acid
residues 192-215) [17], which stabilizes the
connection between the N-terminal domain
having LDL-receptor-binding region and
the C-terminal domain having lipid-binding
activity. Since the connection of the two do-
mains in the hinge region is crucial for main-
taining the lipoprotein-binding and tertiary
structure of ApoE [18, 19], ApoE Toyonaka
may modulate the functional capacity and
structural disposition, and induce characteris-
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tic EDDs, which involve the accumulation of
subepithelial deposits forming microbubbles.
Although the current case had many foam
cells characteristic of ApoE2 homozygote
glomerulopathy unlike the case by Fukunaga
et al. [6], this finding may be due to the dif-
ferent influences of ApoE Toyonaka in each
case. However, the mutation in the hinge re-
gion has been unknown so far, and the hinge
abnormality has not been studied yet.

Until now, MN has been thought to occur
only by the deposition of immune complex,
but ApoE is a low molecular protein and may
be involved in MN-like lesions due to the
above-mentioned mechanism. A limitation
of this case presentation is that we did not
try the detection of ApoE as the component
of EDD, but such studies have been done in
similar cases by immunohistochemical tech-
nique [14] and tandem mass spectrometry
[6]. Further case studies are needed to eluci-
date a more detailed mechanism.

As the histology was similar to MN, our
patient was treated with steroids and CyA
as well as fibrates. As discussed above, it
is unlikely that an immune mechanism was
involved in this case, but it was of interest
that complete remission was achieved by
the administration of CyA. Apart from im-
munosuppressive effect, CyA is known to
act directly on podocytes and contribute to
the prompt reduction of urine protein [20]. In
our case, such a mechanism may have played
arole in the improvement of NS.

On the other hand, as shown in our case,
the effect of fibrates is more important for
the glomerulopathy associated with type III
HLP [4, 7, 14]. Moreover, LDL apheresis or
plasma exchange may be considered in addi-
tion to fibrates if necessary.

As another limitation, we did not perform
the PLA2R test for the renal biopsy tissue
or the serum, which would have been very
helpful to substantiate the nonimmunologic
nature of the EDDs.

In conclusion, we encountered a patient
with ApoE2 homozygote glomerulopathy
showing EDD in both sides of the GBM.
The novel mutation, ApoE Toyonaka with
ApoE2/2 may contribute to subepithelial
deposition forming MN-like lesions. Fur-
ther accumulation and investigation of cases
with the same combination of mutations are
required.

Acknowledgment

The authors express their sincere thanks
for the supportive pathological analysis of
Dr. Jun Kawai, Director of the Department of
Pathology, Kansai Electric Power Hospital,
Osaka and for the fruitful discussion and
suggestion of Dr. Tatsuo Tsukamoto, Direc-
tor, and the members of the Department of
Nephrology and Dialysis, Kitano Hospital,
Tazuke Kofukai Medical Research Institute,
Osaka, Japan.

Funding

None.

Conflict of interest

The authors have no conflicts of interest
to disclose.

References

[11  Saito T, Sato H, Kudo K, Oikawa S, Shibata T,
Hara Y, Yoshinaga K, Sakaguchi H. Lipoprotein
glomerulopathy: glomerular lipoprotein thrombi
in a patient with hyperlipoproteinemia. Am J Kid-
ney Dis. 1989; 13: 148-153. CrossRef PubMed

[2]1  Oikawa S, Matsunaga A, Saito T, Sato H, Seki T,
Hoshi K, Hayasaka K, Kotake H, Midorikawa H,
Sekikawa A, Hara S, Abe K, Toyota T, Jingami H,
Nakamura H, Sasaki J. Apolipoprotein E Sendai
(arginine 145-->proline): a new variant associated
with lipoprotein glomerulopathy. J Am Soc Nephrol.
1997; &8: 820-823. PubMed

[31 Matsunaga A, Sasaki J, Komatsu T, Kanatsu K,
Tsuji E, Moriyama K, Koga T, Arakawa K, Oikawa
S, Saito T, Kita T, Doi T. Anovel apolipoprotein E
mutation, E2 (Arg25Cys), in lipoprotein glomeru-
lopathy. Kidney Int. 1999; 56: 421-427. CrossRef
PubMed

[4]  Kawanishi K, Sawada A, Ochi A, Moriyama T,
Mitobe M, Mochizuki T, Honda K, Oda H, Nishika-
wa T, Nitta K. Glomerulopathy with homozygous
apolipoprotein e2: a report of three cases and re-
view of the literature. Case Rep Nephrol Urol.
2013; 3: 128-135. CrossRef PubMed

[51  Rall SC Jr, Weisgraber KH, Innerarity TL, Mahley
RW, Assmann G. ldentical structural and receptor
binding defects in apolipoprotein E2 in hypo-,
normo-, and hypercholesterolemic dysbetalipo-
proteinemia. J Clin Invest. 1983; 7/: 1023-1031.
CrossRef PubMed

[6] Fukunaga M, Nagahama K, Aoki M, Shimizu A,
Hara S, Matsunaga A, Muso E, Saito T. Mem-
branous nephropathy-like apolipoprotein E de-
position disease with apolipoprotein E Toyonaka
(Ser197Cys) and a homozygous apolipoprotein


https://doi.org/10.1016/S0272-6386(89)80134-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2644825&dopt=Abstract
https://doi.org/10.1046/j.1523-1755.1999.00572.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10432380&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10432380&dopt=Abstract
https://doi.org/10.1159/000356849
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24570682&dopt=Abstract
https://doi.org/10.1172/JCI110829
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6300187&dopt=Abstract

Nephrotic syndrome in combination with ApoE 2/2 and E Toyonaka 51

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

E2/2. Case Rep Nephrol Dial. 2018; 8: 45-55.
CrossRef PubMed

Kodera H, Mizutani Y, Sugiyama S, Miyata T,
Ehara T, Matsunaga A, Saito T. A case of lipopro-
tein glomerulopathy with apoE Chicago and apoE
(Glu3Lys) treated with fenofibrate. Case Rep
Nephrol Dial. 2017; 7: 112-120. CrossRef
PubMed

Eto M, Watanabe K, Ishii K. A racial difference in
apolipoprotein E allele frequencies between the
Japanese and Caucasian populations. Clin Genet.
1986; 30: 422-427. CrossRef PubMed
Liberopoulos E, Siamopoulos K, Elisaf M. Apoli-
poprotein E and renal disease. Am J Kidney Dis.
2004; 43: 223-233. CrossRef PubMed

Mahley RW, Huang Y, Rall SC Jr. Pathogenesis of
type III hyperlipoproteinemia (dysbetalipopro-
teinemia). Questions, quandaries, and paradoxes.
J Lipid Res. 1999; 40: 1933-1949. PubMed
Henneman P, van der Sman-de Beer F, Moghad-
dam PH, Huijts P, Stalenhoef AF, Kastelein JJ,
van Duijn CM, Havekes LM, Frants RR, van Dijk
KW, Smelt AH. The expression of type I1I hyperli-
poproteinemia: involvement of lipolysis genes.
Eur J Hum Genet. 2009; 77: 620-628. CrossRef
PubMed

Suzaki K, Kobori S, Ueno S, Uehara M, Kayashima
T, Takeda H, Fukuda S, Takahashi K, Nakamura N,
Uzawa H, Shichiri M. Effects of plasmapheresis
on familial type III hyperlipoproteinemia associ-
ated with glomerular lipidosis, nephrotic syn-
drome and diabetes mellitus. Atherosclerosis.
1990; 80: 181-189. CrossRef PubMed

Balson KR, Niall JF, Best JD. Glomerular lipid
deposition and proteinuria in a patient with famil-
ial dysbetalipoproteinaemia. J Intern Med. 1996;
240: 157-159. CrossRef PubMed

Sakatsume M, Kadomura M, Sakata I, Imai N,
Kondo D, Osawa Y, Shimada H, Ueno M, Miida
T, Nishi S, Arakawa M, Gejyo F. Novel glomeru-
lar lipoprotein deposits associated with apolipo-
protein E2 homozygosity. Kidney Int. 2001; 59:
1911-1918. CrossRef PubMed

Zhang P, Matalon R, Kaplan L, Kumar A, Gallo
G. Lipoprotein glomerulopathy: first report in a
Chinese male. Am J Kidney Dis. 1994; 24: 942-
950. CrossRef PubMed

Saito T, Oikawa S, Sato H, Sato T, Ito S, Sasaki J.
Lipoprotein glomerulopathy: significance of lipo-
protein and ultrastructural features. Kidney Int
Suppl. 1999; 71: S37-S41. CrossRef PubMed
Tudorache IF, Trusca VG, Gafencu AV. Apolipo-
protein E-A multifunctional protein with implica-
tions in various pathologies as a result of its struc-
tural features. Comput Struct Biotechnol J. 2017;
15:359-365. CrossRef PubMed

Zhang Y, Vasudevan S, Sojitrawala R, Zhao W,
Cui C, Xu C, Fan D, Newhouse Y, Balestra R,
Jerome WG, Weisgraber K, Li Q, Wang J. A mo-
nomeric, biologically active, full-length human
apolipoprotein E. Biochemistry. 2007; 46: 10722-
10732. CrossRef PubMed

Narayanaswami V, Szeto SS, Ryan RO. Lipid as-
sociation-induced N- and C-terminal domain re-
organization in human apolipoprotein E3. J Biol
Chem. 2001; 276: 37853-37860. PubMed

Faul C, Donnelly M, Merscher-Gomez S, Chang
YH, Franz S, Delfgaauw J, Chang JM, Choi HY,

Campbell KN, Kim K, Reiser J, Mundel P. The
actin cytoskeleton of kidney podocytes is a direct
target of the antiproteinuric effect of cyclosporine
A. Nat Med. 2008; 74: 931-938. CrossRef
PubMed


https://doi.org/10.1159/000487919
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29692990&dopt=Abstract
https://doi.org/10.1159/000478902
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28966924&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28966924&dopt=Abstract
https://doi.org/10.1111/j.1399-0004.1986.tb01901.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3802561&dopt=Abstract
https://doi.org/10.1053/j.ajkd.2003.10.013
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14750087&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10552997&dopt=Abstract
https://doi.org/10.1038/ejhg.2008.202
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19034316&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19034316&dopt=Abstract
https://doi.org/10.1016/0021-9150(90)90025-E
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2310424&dopt=Abstract
https://doi.org/10.1046/j.1365-2796.1996.501855000.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8862125&dopt=Abstract
https://doi.org/10.1046/j.1523-1755.2001.0590051911.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11318963&dopt=Abstract
https://doi.org/10.1016/S0272-6386(12)81066-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7985674&dopt=Abstract
https://doi.org/10.1046/j.1523-1755.1999.07110.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10412734&dopt=Abstract
https://doi.org/10.1016/j.csbj.2017.05.003
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28660014&dopt=Abstract
https://doi.org/10.1021/bi700672v
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17715945&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11483594&dopt=Abstract
https://doi.org/10.1038/nm.1857
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18724379&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18724379&dopt=Abstract

