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Abstract

Background/Aims: Lipoprotein glomerulopathy (LPG) is a
rare disease characterized by thrombus-like substances in
markedly dilated glomerular capillaries and elevated plasma
levels of apolipoprotein E (apoE). Previous studies have
shown that genetic disorders of apoE may contribute to the
pathogenesis of LPG, but LPG may not be caused by apoE
gene mutations in Chinese patients. This study investigated
the association of a new variant of apoE with LPG in a Chi-
nese family. Methods: The apoE gene in a family with 4 LPG
patients was sequenced. The polymerase chain reaction
product of coding region of apoE exon 4 was cloned into
pMD 18-T vector and then sequenced. Results: A novel point
mutation in exon 4 of the apoE gene was identified in all 4
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LPG patients and 1 asymptomatic family member. Sequence
analysis confirmed a nucleotide G to C point mutation in
exon 4 (base 308) of the apoE gene in all patients and the
asymptomatic family member. This missense mutation de-
notes amino acid substitution of the proline residue for argi-
nine residue at position 150 of apoE. Those patients were all
heterozygotes with apoE Guangzhou. One of 2 grandsons
was a heterozygous carrier of apoE Guangzhou, although he
did not have proteinuria. Conclusion: The results of this
study suggest that apoE (arginine 150 proline) is a novel
apoE variant that etiologically related to LPG. This variant
(apoE Guangzhou) may cause a marked molecular confor-
mational change of the apoE and thus impair its binding

ability to lipids. Copyright © 2007 S. Karger AG, Basel

Lipoprotein glomerulopathy (LPG) is a rare and
unique renal disease characterized by the presence of
intraglomerular lipoprotein thrombi due to deposition
of lipid droplets within the lumina of dilated glomerular
capillaries, variable degree of mesangial proliferation,
dysbetalipoproteinemia that resembles type III hyperli-
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poproteinemia, and elevated levels of serum apolipopro-
tein E (apoE) [1-3]. The common clinical presentation of
LPG includes proteinuria or nephrotic syndrome, to-
gether with moderate renal impairment, which ulti-
mately progresses to chronic renal failure. LPG was first
described by Saito et al. [1] in Japanese in 1989 and more
than 50 patients have been reported since then [4]. Ge-
netic analysis in these patients indicates that mutations
of the apoE gene increase the risk of LPG and are con-
sidered to play an etiological role in LPG [4]. The ApoE
gene is located at 19q13.2, with four exons and three in-
trons [5]. ApoE is a major constituent of plasma lipopro-
teins that is composed of 299 amino acids with molecu-
lar weight of 34 kDa. It is an important lipoprotein that
binds various lipids with many biological actions of great
significance [6]. In humans, three common alleles exist
that are designated €2, €3, and &4; their products desig-
nated E2, E3, and E4, respectively. The three apoE iso-
forms differ at polymorphic sites, arginine or cysteine at
codons 112 and 158, respectively. ApoE3 and apoE4 ap-
pear to bind equally well to lipoprotein receptors, where-
as apo E2 (Argl158Cys) has only ~1% of the binding ac-
tivity of apoE3 or apoE4 [7]. To date, 54 single nucleotide
polymorphisms of the apoE gene have been identified
in humans (http://www.ncbi.nlm.nih.gov/sites/entrez).
ApoE polymorphisms have a major role in the pathogen-
esis and progression of a variety of renal diseases: they
regulate mesangial and glomerular functions locally in
the kidney microenvironment; they are major determi-
nants of plasma lipid levels in uremic patients; they af-
fect the risk for cardiovascular disease in these patients;
they predispose to the development of diabetic nephrop-
athy; they affect the severity of certain glomerulopa-
thies; they influence the therapeutic response of some
drugs [6].

Variants of apoE including apoE2 (arginine 145 pro-
line) Sendai [8], apoE2 (arginine 25 cysteine) Kyoto [9],
and apoE2 (arginine 147 proline) Chicago [4] that are
caused by missense mutations, are associated with LPG.
On the other hand, variants of ApoEI with glutamine 156
to glycine 173del [10], histidine 141 to leucine 144 del or
arginine 142 to arginine 146 del Tokyo [11], or histidine
141 to lysine 146 del [12] contain in-frame deletions that
confers susceptibility to LPG. All these studies have sug-
gested that LPG may be a dominant inherited disease
with incomplete penetrance [9, 10, 12]. However, Chen et
al. [13] recently compared the 5.5-kb genomic DNA en-
compassing the apoE locus and adjoining flanking re-
gions in 17 Chinese LPG patients with 10 normal con-
trols. The DNA sequence analysis did not identify any
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apoE gene mutations in all LPG patients, while only 10
variation sites in the non-coding regions were identified
[13]. This study suggests that LPG may not be caused by
apoE gene mutations in Chinese patients. Thus, further
studies are needed to examine the role of apoE mutations
in the pathogenesis of LPG. We reported here on a novel
variant of apoE in a Chinese family with 4 LPG patients
and 1 asymptomatic family member.

Methods

Family and Clinical History

We enrolled 11 members of a family, 4 of whom had histo-
logically confirmed LPG (fig. 1). We performed renal biopsy in
the 4 symptomatic family members and diagnosed all of them
as having LPG. The mother (72 years old), her daughter (51 years
old), her son (49 years old), and 1 of her granddaughters (22 years
old) had moderate to severe proteinuria (up to 6.0 g/day) that
was accompanied by bipedal edema in 3 patients (all females)
and moderate hyperlipidemia in all LPG patients. Other family
members were asymptomatic. In LPG patients, the total choles-
terol (TC), low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C) and triglyceride (TG)
were 328 mg/dl (8.15 mmol/l), 215 mg/dl (5.55 mmol/l), 86 mg/
dl (2.23 mmol/l), and 166 mg/dl (1.87 mmol/l), respectively. The
clinical symptoms were first noted in the mother at age 62, in
her daughter and son at age 40, and in her granddaughter at age
12. Serology tests for antinuclear antibodies, anti-DNA anti-
body, rheumatoid factor, hepatitis B surface antigen, hepatitis C
antibody, antiribonuclear protein, anti-Smith, anti-SSA, and
anti-SSB were all negative. Blood pressure was in the normal
range for all family members. All symptomatic family members
were treated with immunosuppressive agents, including predni-
sone, endoxam, cyclosporine or mycophenolate mofetil, but
were not responsive. The mother and her daughter developed
progressive renal injury, and had serum creatinine levels up to
7.6 mg/dl (676 pmol/l). Both of them received kidney transplan-
tation.

Characterization of Plasma Lipids and Lipoproteins

After obtaining ethics approval and informed consent, we col-
lected fasting blood plasma from all family members. TC and TC
levels were measured usinga GOD-RAP method (Human Gesell-
schaft fiir Biochemica und Diagnostica mbH, Wiesbaden, Ger-
many). The serum levels of LDL-C HDL-C were determined by a
homogeneous method (Daiichi Pure Chemicals Co., Tokyo, Ja-
pan). The concentrations of plasma apoE, apoAl, and apoB were
determined by a single radial immunodiffusion method (Daiichi
Pure Chemicals Co.). Our control group consisted of 100 unre-
lated healthy Chinese individuals, 48 men aged 39 *+ 21 yearsand
52 women aged 35 *+ 25 years (mean £ SD).

Renal Pathology

Formalin-fixed, 4-pm paraffin sections from renal biopsy tis-
sues were treated with hematoxylin and eosin, periodic acid-
Schiff (PAS), and Masson trichrome staining. Glomerulosclerosis
was indicated by the presence of a large amount of PAS and tri-
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Fig. 1. Light microscopy (200 X) of a glom-
erulus in the biopsy specimen of a symp-
tomatic LPG patient (II-1, proband). The
capillary lumina were dilated by amor-
phous thrombi. a HE stain; b Masson
stain; ¢ PAS stain; d PASM stain.

Fig. 2. Nucleotide sequence of a segment of
exon 4 in the apoE gene from both alleles
of the proband (patient II-1). The lower
panel shows the allele containing a nucleo-
tide G to C point mutation at nucleotide
308 in codon 150 of the gene.

New apoE Variant in Lipoprotein
Glomerulopathy

290 300 310 320
TGCGTAAGCGGCTCCTCCGCGATGCCGATGAC

Mutant
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chrome-positive materials within the expanded mesangium. Tu-
bulointerstitial fibrosis was demonstrated by fibroblast and extra-
cellular matrix accumulation, accompanied by a loss or atrophy
of tubules.

DNA Amplification by Polymerase Chain Reaction (PCR)

Genomic DNA was extracted from patients’ blood using the
DNA Blood MaxiPrep Kit (Qiagen, Inc., Valencia, Calif., USA)
and used 1 ml of the extraction as a template for PCR amplifica-
tion. The fragment of the apoE gene covering exon 4 was ampli-
fied by using PCR SuperMix High Fidelity (Invitrogen, Carlsbad,
Calif., USA). The primers for exon 4 were: forward 5-AGGGC-
GCTGATGGACGAG-3' and reverse 5'-GCCAGCAGATGCGT-
GAAACTT-3". Typical amplification reactions of 50 .l contained
100 ng genomic DNA and 200 nmol/l of oligonucleotide primers.
The DNA was denatured at 94°C for 30 s, annealed at 58°C for
30 s, and extended at 72°C for 45 s for a total of 33 cycles using a
thermocycler (TGradient, Biometra, Germany). The access num-
ber for human apoE gene in GenBank is NM_000041.

DNA Sequence Analysis

The resultant PCR products were purified with the QIAquick
Gel Extraction kit (Qiagen, Inc.) and ligated the gel-purified PCR
products into a pMD 18-T vector (TaKaRa). All 12 clones were
sequenced using an ABI 3730 automated DNA sequencer (Ap-
plied Biosystems, Foster City, Calif., USA).

Statistical Analysis

Data are expressed as mean * SD. Statistical significances
were evaluated using unpaired Student’s t tests. Statistical anal-
yses were performed using SAS 8.0 (SAS Institute Inc., Cary,
N.C., USA) and the level of statistical significance was set at p <
0.05.

Results

Pathological Changes

Figure 1 shows the abnormal glomerular architecture
of an LPG patient. The glomerular structure was dam-
aged by widespread amorphous glomerular capillary
thrombi that were PAS-negative and trichrome-negative.
The glomeruli were enlarged with mesangial sclerosis
and hypercellularity and there was remarkable focal in-
terstitial fibrosis and tubular atrophy.

DNA Sequence Analysis

We analyzed 12 independent clones of exon 4 of the
apoE gene by DNA sequencing. The sequences of 5 clones
were identical to the normal apoE3 allele, whereas 7
clones had a nucleotide substitution of G to C at codon
150 (base 308) on exon 4 of the apoE gene. Figure 2 shows
the nucleotide sequence of part of exon 4 of both alleles
of the proband II-1. This missense mutation is a new apoE
variant, with amino acid substitution of arginine 150
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Fig. 3. Family tree of patients with LPG. The proband (II-1) is in-
dicated by the arrow. Square represents male, circle represents
female, blank symbols represent unaffected family members, and
black symbols represent patients heterozygous for the apolipopro-

tein E Guangzhou (arginine 150 proline). ITI-1 is an asymptom-
atic carrier of the mutant.

proline. There were no other sequence abnormalities
identified in our study patients. In addition, none of the
healthy control individuals contained the apoE (arginine
150 proline) variant.

Familiar Study

The pedigree of the patient is illustrated in figure 3.
The mother (I-2), her daughter (II-1), her son (II-3), 1 of
her grandsons (III-1), and a granddaughter (III-2) were
heterozygous carriers of the same mutation (arginine 150
proline). Carriers I-2, II-1, II-3, and II-2 presented sig-
nificant clinical symptoms of renal injuries. However, the
carrier (III-1) did not show any clinical symptoms or
signs of renal damage.

Lipid and Lipoprotein Profiles

Table 1 summarizes the plasma lipid and lipoprotein
profiles of carrier and non-carrier of the family. Carriers
of the new apoE mutation had significantly higher levels
of plasma TG, TC, HDL-C and apoE but a lower LDL-C
level compare with non-carriers of the new apoE muta-
tion or healthy subjects (p < 0.05), although patients I-2,
I1-1, I1-3, III-2 were taking lipid-lowering agents when we
performed this analysis. In particular, the plasma apoE
level was almost doubled. There was no significant dif-
ference in the plasma levels of apoAl and apoB between
carriers and non-carriers of the apoE mutation, but the
carriers had a significantly lower apoB level compared to
healthy subjects. Notably, the non-carriers had signifi-
cantly higher TC level but a higher level of LDL-C com-
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Table 1. Plasma lipid and lipoprotein profiles of family members with and without LPG

Subject Gender Age TG TC HDL-C LDL-C ApoAl ApoB ApoE
years mmol/l mmol/l mmol/l mmol/l g/l g/l mg/l

Carriers

1-2 female 72 1.61 5.2 1.73 2.20 1.37 0.53 84

II-1* female 51 0.94 5.6 1.50 2.70 1.14 0.64 72

1I-3 male 49 1.16 4.9 1.08 2.87 0.99 0.65 56

III-1 male 21 0.81 44 1.32 2.29 0.99 0.52 54

I11-2 female 20 1.30 6.1 1.46 2.89 1.13 0.57 86
Mean * SD 42.6+151  1.16%£0.20%" 54+0.5" 1.42+0.67%% 2.59+024%% 1.12£0.08  0.58*0.05> 704*13.1%°
Non-carriers

I-1 male 80 0.81 5.1 1.4 3 0.96 0.49 36

11-4 female 43 0.92 5.9 1.71 3.35 1.22 0.69 42

1I-5 male 50 1.43 5.1 0.85 3.16 0.8 0.67 43

11-6 female 47 0.72 6.1 1.38 3.81 1.05 0.7 42

I11-3 male 19 0.47 4.8 1.22 3.02 0.97 0.57 36
Mean = SD 47.8+12.8 0.87+0.35 5.4+0.5¢ 1.31+0.31 327030 1.00*0.15 0.62+0.05 39.8+2.80
Healthy control (n = 100) 36.9+27.3 0.93+£0.37 4.2%+09 1.20+0.43 2.80+0.63 0.96+0.4 0.68+0.30 35.1+8.0

To convert cholesterol in mmol/l to mg/dl, multiply by 38.67. Patients I-2, II-1, II-3, III-2 were all taking lipid-lowering agents when we performed

this analysis.

TC = Total cholesterol; TG = triglyceride; HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; ApoA1l = apo-

lipoprotein Al; ApoB = apolipoprotein B; ApoE = apolipoprotein E.
* Refers to proband. Data are the mean * SD.

2 p <0.05, carrier vs. non-carrier; b p < 0.05, carrier vs. healthy control; € p < 0.05, non-carrier vs. healthy control (by unpaired Student t test).

pared with healthy subjects, suggesting that the family
members of carriers may have abnormal lipid metabo-
lism.

Discussion

The etiology of LPG is uncertain, but many research-
ers believe that mutation of the apoE gene may play an
important role. Thus, detailed characterization of apoE
genotypes and their functional impact is crucial to ex-
plore the pathogenesis of LPG. It has been reported that
various mutations of the apoE gene were present in pa-
tients with LPG [4, 8-12]. In addition, Ishigaki et al. [14]
established an animal model of LPG by introducing a re-
combinant adenovirus containing human apoE-Sendai
into apoE knockout mice. In the present study, we identi-
tied a novel variant of apoE in a Chinese family with 4
LPG patients and 1 asymptomatic family member (fig. 3).
We provisionally named the variant ‘apoE Guangzhou’
after our city. This is the first report in a family with LPG
in three generations. Our study suggests that the presence
of a mutant apoE Guangzhou (arginine 150 proline,
308G>C) is etiologically related to LPG. This is in con-
trary to the findings by Chen at al. [13] in which no non-

New apoE Variant in Lipoprotein
Glomerulopathy

synonymous mutations were detected in 17 Chinese LPG
patients.

Histological examination confirmed the diagnosis of
LPG in the Chinese family. The glomerular injuries seen
in our patients are characteristic of LPG as reported pre-
viously [4]. Under the microscope, there were amorphous
glomerular capillary thrombi that were PAS-negative and
trichrome-negative (fig. 1). Marked focal interstitial fi-
brosis and tubular atrophy were observed and the glom-
eruli were filled with mesangial sclerosis and hypercellu-
larity. The abnormal lipid profiles of these LPG patients
in our study were characterized by increased plasma lev-
els of TC, TG, HDL-C and apokE (table 1). It would be in-
teresting to investigate the phenotype of apoE and the
binding affinity of the mutant apoE to LDL receptor in
these LPG patients.

The major physiological role of apoE is mediation of
tissue uptake of TC-rich lipoproteins through the LDL
receptor and the LDL receptor-related protein pathways
[15]. Human apokE is a glycoprotein composed of 299
amino acids, with residues 136-150 constituting the re-
gion that is responsible for binding to the LDL receptor
[16]. In the present report, apoE (arginine 150 proline)
Guangzhou had a substitution of proline for arginine at
residue 150. Since prolines are helix breakers in globular
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proteins [15], we speculate that the substitution of pro-
line for arginine may change the protein structure. The
crucial molecular transformation in the apoE Guang-
zhou appears to lead to aggregated deposits of lipopro-
teins that have high affinity or low clearance in glom-
erulus. Interestingly, apoE2 (arginine 145 proline) Sen-
dai, apoE2 (arginine 147 proline) Chicago, and apoE
(argininel50 proline) Guangzhou all have a guanine to
cytosine point mutation in exon 4 of the apoE gene at a
position that is in the LDL receptor-binding site. Previ-
ous research has shown that mutant apoEs are defective
in binding to the LDL receptor, but exhibit enhanced
binding to the glomerulus [4, 9, 14, 17], contributing to
the development of LPG. Since apoE mRNA is expressed
in normal kidney [18], upregulation of apoE in glomer-
uli may also account for the development of LPG [19].
However, the recurrence of LPG after renal transplanta-
tion [20-23] suggests that apoE deposition within the
glomerulus may derive from circulation, not from local
synthesis in the glomerulus.

Recent studies show that the mutation of apoE is trans-
mitted as autosomal dominant with incomplete pene-

trance [9, 10, 12, 21]. This may explain our finding that 1
carrier of the apoE (arginine 150 proline) mutation had
normal renal function, despite having an increased ab-
normal serum apoE level (54 mg/1). However, a long-term
follow-up is required for this carrier because the asymp-
tomatic carrier was only 21 years old. It is unlikely to rule
out early glomerular injury since we did not perform re-
nal biopsy on this patient. A previous study reported that
lipoprotein glomerular damage can occur earlier than
any clinical manifestations [23].

In summary, we have identified a new variant of apoE,
apoE Guangzhou, in 3 generations of a family which in-
cluded 4 LPG patients and 1 asymptomatic carrier. Fur-
ther study of the characteristics of this variant will pro-
vide insights into the pathogenesis of LPG.
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