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Abstract 

Lipoprotein glomerulopathy (LPG) is characterized by histopathological features showing 

intra-glomerular lipoprotein thrombi and type III hyperlipoproteinemia (HLP), with heterozy-

gote mutation of apolipoprotein (apo) E gene. On the other hand, as another renal lipidosis 

with type III HLP, apoE2 homozygote-related glomerulopathy (apoE2-GN) showing foamy 

macrophages has been reported. The case of a 25-year-old man who had LPG by clinical 

behavior and gene analysis, but demonstrated atypical histopathological features with a sub-

stantial amount of foamy macrophage infiltration in the glomeruli, is presented. The combi-

nation of alleles for apoE Tokyo/Maebashi and classical apoE2 (Arg158Cys) was inferred to 

be the leading cause of the unique renal pathology with lipoprotein thrombi and foamy mac-

rophages. In addition, foamy macrophages infiltrated some part of the apoE-positive region 

within the glomerulus, but did not exist in lipoprotein thrombi despite apoE positivity, sug-

gesting that properties of apoE are crucial in the development of LPG rather than macro-

phage function. This case provides important information related to the pathogenesis of LPG 

and apoE2-GN. © 2015 The Author(s) 

 Published by S. Karger AG, Basel 
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Introduction 

Lipoprotein glomerulopathy (LPG) is a rare inherited disease first reported in 1989 by 
Saito et al. [1]. LPG is sometimes associated with nephrotic syndrome and is characterized 
by histopathological features of lipoprotein thrombi in extremely dilated glomerular capil-
laries [2]. Type III hyperlipoproteinemia (HLP) with specific mutations of apolipoprotein 
(apo) E gene is another diagnostic check point. Histologic alterations other than lipoprotein 
thrombus found in renal lipidosis, such as infiltration of foamy macrophages, mesangial hy-
percellularity and exudative lesions, are rarely seen in the glomeruli of typical LPG. 

In the present report, a case that was regarded as a category of LPG by clinical behavior 
and the gene analysis, but demonstrated atypical histopathological features with foamy mac-
rophage infiltration, is described. The combination of alleles for apoE gene Tokyo/Maebashi 
and classical apoE2 (Arg158Cys) in this case was inferred to be the leading cause of the 
unique renal pathology with lipoprotein thrombi and foamy macrophages. 

Case Report 

A 25-year-old Japanese man was admitted to our hospital because of proteinuria and 
general edema. Proteinuria and high blood pressure had been detected at a routine medical 
check-up 3 years earlier. His past history was otherwise unremarkable. Although his mother 
suffered from nephrolithiasis, there was no family history of renal diseases such as nephrotic 
syndrome and renal failure. At the first visit to our hospital, his height was 172 cm, weight 
was 76.2 kg, blood pressure was 170/120 mm Hg, and pulse rate was 91 bpm. Physical ex-
amination revealed no particular abnormalities other than pitting edema of the lower ex-
tremities. He had neither corneal opacities nor xanthomata. Laboratory findings were as 
follows: white blood cell count 7,700/μl, (neutrophils 88.0%, lymphocytes 4.0%, eosinophils 
4.0%), hemoglobin 11.6 g/dl, platelet count 295,000/μl, total protein 4.0 g/dl, albumin 1.6 
g/dl, hemoglobin A1c 5.3%, serum creatinine 1.36 mg/dl, total cholesterol 887 mg/dl, tri-
glycerides 553 mg/dl, and HDL-cholesterol 45 mg/dl. Liver function and total complement 
were within normal ranges. Serum IgG, IgA, and IgM were 213, 116, and 235 mg/dl, respec-
tively. Anti-nuclear antibody and anti-neutrophil cytoplasmic antibody were negative. The 
serum apoE level was 14.6 mg/dl (normal range: 2.7–4.3 mg/dl). Urine protein excretion 
was 12.9 g/g Cr, and urine sediment RBC was 20–29/hpf. 

Clinical Course 

Initial treatment consisted of high-dose corticosteroid for nephrotic syndrome. Howev-
er, corticosteroid treatment was withdrawn because the first biopsy suggested LPG. After 
antihyperlipidemic treatment with atorvastatin, the serum cholesterol and triglyceride lev-
els decreased substantially, but urinary protein excretion continued in the nephrotic range. 
Thereafter, the use of probucol and bezafibrate brought a significant decrease in urine pro-
tein excretion (0.3 g/g Cr). Though serum cholesterol and triglyceride levels were reduced, 
the serum apoE level did not change with lipid-lowering therapy including bezafibrate (be-
fore 14.6 mg/dl, after 12.4 mg/dl). 

Pathological Findings 

First Biopsy (January 2013). The light microscopy specimens contained 40 glomeruli, 7 
and 2 of which showed global and segmental sclerosis, respectively. Most glomeruli showed 
not only typical lipoprotein thrombi filled in the dilated capillaries, but also many infiltrating 
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foam cells (fig. 1a). Diffuse/segmental mesangial cell proliferation and exudative lesions 
were also observed. Immunohistochemical studies using serial sections demonstrated 
strong staining for both apoB and apoE within the dilated capillary lumen filled with lipopro-
tein thrombi (fig. 1b, c). In addition, positivity for apoE was also observed at sites other than 
lipoprotein thrombi (fig. 1c). Intriguingly, CD68+ foam cells infiltrated in the apoE-positive 
parts other than lipoprotein thrombi (fig. 1d). Electron micrographs for the glomerulus 
showed intra-capillary lipoprotein thrombus-like substances (fig. 2a) and foamy changes 
(fig. 2b). 

Second Biopsy (September 2013). The light microscopy specimens contained 23 glomeru-
li. Although lipoprotein thrombi and foam cells were still observed, their number was much 
lower than on the first biopsy (data not shown). Immunofluorescence examinations showed 
only non-specific IgM deposition along the capillary wall (data not shown). 

Phenotype, Genotype, and DNA Sequence Analysis of apoE 

Serum apoE phenotypes were analyzed using isoelectric focusing polyacrylamide gel 
electrophoresis (IEF), as previously described [3, 4]. As compared to apoE3/3 of control wild 
type, the patient had alleles apoE1/2 (fig. 3a). 

The apoE genotype was determined by restriction fragment length polymorphism 
(RFLP) analysis as described previously [3, 4]. Genomic DNA was amplified by polymerase 
chain reaction (PCR) using oligonucleotide primers, sense 5′-ACGCGGGCACGGCTGTCCAA-
GGA-3′ and antisense 5′-TCGCGGGCCCCGGCCTGGTACAC-3′. The PCR products were digested 
with the restriction enzyme HhaI. In addition to the fragments characteristic of genotype ε2 
(91-, 78-, and 36-bp fragments), a 30-bp fragment which was not seen in genotype ε2 and an 
around 60-bp fragment which was not detected in any of the common genotype ε2, ε3, or ε4 
were identified (fig. 3b). 

Sequencing of apoE DNA was performed as follows. Three fragments of genomic DNA 
containing all coding sequence of mature apo E were amplified by polymerase chain reaction 
with the following primers for apo E gene: 5′-GCTTTCCAAGTGATTAAACCGACT-3′ and 5′-
AGAGCTAAAGCCAGGAGTCAG-3′ for exon 3, and 5′-CCTCTTGGGTCTCTCTGGCT-3′ and 5′-
CTGCTCCTTCACCTCGTCCA-3′, 5′-GCAGTACCGCGGCGAGGTGCAGG-3′ and 5′-GATCGTGCCAC-
TGCACTCTA-3′ for exon 4. The amplified DNA fragments were purified by PCR purification 
Kit (Qiagen, Germany) and directly sequenced with Genetic Analyzer 3130xl DNA sequencer 
(Thermo Fisher, USA) by using a BigDye Terminator Cycle Sequencing Kit (Thermo Fisher). 
A heterozygous deletion of 9 bp was identified in codon 141 to codon 143 of the apoE gene 
(fig. 3c). This mutation was consistent with apoE Tokyo/Maebashi mutation in LPG patients, 
as previously reported [5, 6]. Furthermore, the patient also had heterogeneous apoε2 
(Arg158Cys) (fig. 3d). Because ε2 corresponds to apoE phenotype E2, apoE Tokyo/Maebashi 
mutation seemed to be expressed as the apoE phenotype E1 by IEF (fig. 3a). This phenome-
non was consistent with a previous report [5]. These findings indicate that this patient was a 
compound heterozygote for apoE Tokyo/Maebashi and apoE2. Written informed consent 
was obtained from the patient before commencement of the phenotype and gene analysis of 
apoE. 

Discussion 

LPG is a rare inherited disease characterized by pathognomonic histologic features such 
as dilation of glomerular capillaries with huge lipoprotein-rich materials called lipoprotein 
thrombi. Although type III HLP is generally recognized in typical LPG, histologic alterations 
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characteristic of renal lipidosis, e.g., foam cells, sclerosis, and vacuoles, are rarely seen. Fur-
thermore, infiltration of foamy macrophages in the glomeruli is usually absent [2]. To date, 
15 novel apoE variants associated with LPG have been identified, and the histological and 
clinical manifestations of LPG have been considered to be common among patients with 
different apoE variants [2]. In the present case, LPG was diagnosed based on characteristic 
lipoprotein profiles and the presence of apoE Tokyo/Maebashi mutation. However, a variety 
of changes in ordinary renal lipidosis were also noticeable; to the best of our knowledge, this 
is the first report of LPG showing so many macrophages in the glomeruli. 

Although apoE mutation has been recognized as playing a principal role in the patho-
genesis of LPG, some other factors are inferred to be present in the pathogenesis of LPG, 
because many asymptomatic carriers of apoE variants are recognized [2, 7]. In an animal 
model, Kanamaru et al. [8] found LPG-like glomerular lesions induced by the chronic graft-
versus-host reaction in Fcγ receptor (FcRγ)-deficient mice. Furthermore, Ito et al. [9] gener-
ated LPG-like changes in apoE and FcRγ double-knockout mice by injecting various apoE 
vectors. These results suggest that macrophage impairment may be one of the mechanisms 
responsible for the development of lipoprotein thrombi and the absence of macrophages in 
LPG. From this point of view, other etiological factors besides apoE mutations related to LPG 
may play an important role in the coexistence of lipoprotein thrombi and foamy macrophag-
es within the same glomerulus in the present case. 

On the other hand, several cases of apoE2 homozygote-related glomerulopathy (apoE2-
GN) showing marked infiltration of foamy macrophages and sclerosis have been reported 
[10, 11]. Although apoE2 has extremely reduced binding affinity for LDL receptors, very few 
apoE2 homozygote cases develop type III HLP and apoE2-GN. It is generally believed that 
apoE2 homozygote cases develop type III HLP and apoE2-GN, when some genetic, hormonal 
and environmental factors are added to apoE2 mutation [12]. Actually, most previously re-
ported cases of apoE2-GN were associated with diabetic nephropathy. Because there is no 
evidence of diabetes in the present case, it is possible that mutated apoE related to LPG 
might play a role as an additional factor in the development of apoE2-GN-like lesions. 

To the best of our knowledge, three cases of LPG with apoE2 allele have been reported 
[13–15]. Kinomura et al. [13] and Cautero et al. [14] demonstrated the cases of homozygous 
E2/E2 with heterozygous apoE single mutation, Arg150Gly (apoE Okayama) and Arg150Cys 
(apoE Modena), respectively. These two cases showed the distinctive pathological findings of 
LPG and neither documented the presence of foamy macrophages in the glomeruli. ApoE 
Tokyo/Maebashi mutation is a 9-bp deletion (3-amino acid deletion), whereas all other apoE 
variants related to LPG are a single-point mutation. The coexistence of this unique apoE re-
lated to LPG and classical apoE2 might be the leading cause of the specific renal pathology 
with lipoprotein thrombi and foamy macrophages. On the other hand, one of the 7 patients 
reported in the case series of LPG from China [15] seemed to carry the combination of heter-
ozygous apoE Tokyo/Maebashi and heterozygous apoE2 alleles and show the typical renal 
pathology of LPG. The combination of apoE genotypes was likely to be same as our case; 
however, the detailed results of apoE DNA analysis were not illustrated, and serum apoE 
phenotype (E2/3) is different from that of our case (E1/2), although the reason for this is 
not clear. An accumulation of more cases of LPG with apoE2 allele is required to elucidate 
the mechanism of development of LPG and the relationship between macrophage and renal 
lipidosis. 

In the first biopsy of the present case, CD68+ foam cells infiltrated some part of the ap-
oE-positive region within the glomerulus, but did not exist in lipoprotein thrombi despite 
apoE positivity. These results suggest that in type III HLP occurring with these two apoE 
mutations, macrophages could recognize apoE2 and infiltrate into the glomerulus to clear 
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lipids including apoE2, whereas they might not be capable of recognizing apoE derived from 
LPG-related apoE gene, resulting in an accumulation of lipids in the extracellular area and 
the development of lipoprotein thrombi. The histopathological findings in the present case 
suggest that properties of apoE are crucial in the development of LPG rather than macro-
phage impairment. 

In conclusion, this is the first report of a case of LPG with marked foamy macrophage in-
filtration in the glomerulus. After bezafibrate treatment, not only lipoprotein thrombi but 
also foamy macrophages decreased. The patient was a compound heterozygote for a novel 
mutation of apoE associated with LPG and classical apoE2. It is intriguing that the combina-
tion of genes related to LPG and familial type III HLP expresses renal histology characteris-
tics of both diseases simultaneously. Furthermore, this case seems to provide important 
clues to understanding the involvement of macrophages in the pathogenesis of LPG and ap-
oE2-GN. 
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Fig. 1. Light microscopic findings of the first biopsy. a Lipoprotein thrombi (arrow) and foam cells (ar-

rowhead) are observed within the same glomerulus. b–d Immunohistochemical studies using serial sec-

tions: Strong staining for both apoB (b) and apoE (c) is observed at lipoprotein thrombi, and positivity for 

apoE is also observed at sites other than the lipoprotein thrombi within the glomeruli. d CD68+ foam cells 

(arrowheads) have infiltrated in the apoE-positive part other than lipoprotein thrombi (arrow). 
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Fig. 2. Electron microscopic findings of the first biopsy. Intra-capillary lipoprotein thrombus-like sub-

stances (a) and foamy changes (b) are observed. 
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Fig. 3. a ApoE phenotype determined by isoelectric focusing polyacrylamide gel electrophoresis (IEF). 

Lane 1, apoE1/2 (patient); lane 2, apoE2/3; lane 3, apoE2/2; lane 4, apoE3/3 (wild type); lane 5, apoE4/4. 

b ApoE genotype examined by restriction fragment length polymorphism (RFLP). PCR-amplified DNA of 

the apoE gene, including codons 112 and 158, was digested with HhaI. Lane 1, DNA size marker; lane 2, 

patient; lane 3, ε3/3; lane 4, ε2/2; lane 5, ε3/4. In lane 2, the 91-, 78-, and 36-bp fragments which are 

consistent with ε2, are observed. Moreover, there are also 30-bp and around 60-bp fragments that are not 

observed in ε2, ε3, and ε4. c, d Sequence analysis of PCR-amplified DNA of the apoE gene. c A 9-bp deletion 

(3-amino acid deletion) in codon 141 to codon 143 of the apoE gene is observed. There are overlaps of 

nucleotide peaks before codon 144, indicating that the apoE alleles are heterozygous. d Both the sequence 

CGC (arginine; wild type) and the sequence TGC (cysteine) are observed in codon 158 of the apoE gene, 

indicating that the apoE2 (Arg158Cys) alleles are heterozygous. 
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