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Abstract
Rationale: Lipoprotein glomerulopathy (LPG) is a rare genetic kidney disorder. Here, we report a boy and his mother with IQ

Patient concerns: A 6-year-old boy was admitted to our hospital with a history of 6 months of experiencing foamy urine
without apparent cause.

Diagnoses: Urinalysis revealed 3+ protein and 2+ occult blood. A 24-hour urinary protein quantification measured 1110mg.
Other laboratory tests revealed that the level of serum albumin was 43.6 g/L, triglycerides 4.31 mmol/L were elevated, and high-
density lipoprotein cholesterol 0.71 mmol/L were reduced, whereas total cholesterol and low-density lipoprotein cholesterol levels
were normal. Renal biopsy revealed glomerular capillary loop expansion with lipoprotein thrombi on light microscopy, variable-
sized vacuoles within the capillary loops on electron microscopy, positive Oil Red O staining, and positive immunofluorescence
staining for ApoE. The mother of the patient had a history of uremia 5 years ago. Genetic testing confirmed a deletion of 9
nucleotides (CAAGCTGCQG) in exon 4 of the ApoE gene at positions ¢.480-488 of the boy and his mother, resulting in a deletion
of 3 amino acids (Lys143-Arg145del) in the ApoE amino acid sequence at positions 143-145, which was same variant as ApoE
Tokyo/Maebashi.

Interventions: The boy showed significant improvement after treatment with fenofibrate and telmisartan, with urine protein
turning negative after 1 week and blood lipid levels returning to normal after 4 weeks.

Outcomes: During 1 year follow-up period, the results of urine routine examination and blood lipid profile remained within
normal ranges.

Lessons: LPG is a rare and easily misdiagnosed kidney disease with no clinical characteristics. Early diagnosis by kidney biopsy
and whole gene test is conducive to early detection and diagnosis, reducing missed diagnosis and misdiagnosis, and improving
the long-term prognosis of patients.

Abbreviations: ApoE = apolipoprotein E, HDL-C = high-density lipoprotein cholesterol, HSPG = heparan sulfate proteoglycan,
LDL-C = low-density lipoprotein cholesterol, LDLR = low-density lipoprotein receptor, LPG = lipoprotein glomerulopathy, LPL =

lipoprotein lipase, TG = triglycerides, TRLs = triglyceride-rich lipoproteins, VLDL = very low-density lipoproteins.
Keywords: apolipoprotein E, case report, lipoprotein glomerulopathy, literature review

1. Introduction

Lipoprotein glomerulopathy (LPG), is a rare autosomal dom-
inant inherited kidney disease with incomplete penetrance.
It is more commonly observed in China and Japan.! In
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1989, Saito et al? first reported 2 cases of LPG, character-
ized by significant dilation of glomerular capillary lumens
with lipoprotein thrombi and abnormal blood lipid levels in
patients. Subsequently, it was discovered that LPG is caused
by mutations in the apolipoprotein E (ApoE) gene.’! To date,
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approximately 14 different ApoE gene variants have been
identified in association with LPG.*5! Patients with LPG often
exhibit abnormalities in lipid metabolism (similar to type III
hyperlipoproteinemia) and elevated concentrations of ApoE,
as well as varying degrees of proteinuria. The main patholog-
ical feature is the presence of a large amount of lipoprotein
thrombi in the glomerulus.!’! At present, the main treatment
in clinical practice focuses on symptomatic therapy such as
reducing blood lipids, decreasing proteinuria, and delay-
ing the progression of renal function. Recently, our hospital
treated a boy with LPG and discovered a mutation site in the
ApoE gene, which was inherited from his mother who had
uremia. This mutation resulted in the deletion of 3 amino
acids (Lys143-Arg145del) of ApoE, which was same variant
as ApoE Tokyo/Maebashi. This article also discusses the clin-
ical and pathological characteristics as well as the treatment
of this condition, and reviews the more comprehensive clinical
data on LPG from both domestic and international literature.
It summarizes the clinical features, diagnosis, treatment, and
prognosis of LPG.

2. Case reports

A 6-year-old boy was admitted to our hospital in April
2023 after 6 months of experiencing foamy urine with-
out apparent cause. Urinalysis revealed 3+ protein and 2+
occult blood. A 24 hours urinary protein quantification
measured 1110 mg. Other laboratory tests revealed that
level of serum albumin was 43.6g/L, triglycerides (TG)
4.31 mmol/L were elevated, and high-density lipoprotein
cholesterol (HDL-C) 0.71 mmol/L were reduced, whereas
normal total cholesterol and low-density lipoprotein cho-
lesterol (LDL-C) levels were normal. Laboratory tests
during admission showed decreased hemoglobin (96 g/L),
2+ proteinuria and 3+ occult blood in the urine, elevated
24-hour urinary protein (1429.2mg), slightly decreased
serum albumin (30.7g/L), elevated total cholesterol and
triglycerides (6.54 mmol/L and 2.76 mmol/L respectively),
and elevated LDL-C (4.45 mmol/L). Color Doppler ultra-
sonography revealed enlarged kidneys bilaterally (left,
106 x 51 x 49 mm; right, 104 x 56 x 52mm), with mild
diffuse enhancement of parenchymal echogenicity. The
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patient’s mother was diagnosed with uremia before 5 years
and has been undergoing hemodialysis. No history of renal
insufficiency in other family members was reported.

Under light microscopy, 17 glomeruli from a renal biopsy
revealed no evidence of glomerulosclerosis or segmental scle-
rosis; however, they showed increased volume, extensive cap-
illary dilation, and the presence of lightly stained, vacuolated
thrombus-like material within the lumens. Mesangial cell and
matrix proliferation, with focal mesangial dissolution, were
evident. The epithelial cells in the vessel walls showed no sig-
nificant proliferation, and no crescent formation was evident
(Fig. 1A-D). Immunofluorescence staining for immunoglobu-
lins M, G, and A, and complement proteins C3, C4, and Clq
was negative. Electron microscopy revealed significant vacuo-
lar degeneration of the glomerular endothelial cells, open and
partially dilated capillary loops, and abundant proteinaceous
material in the lumens in the form of lipid-like vacuoles were
evident (Fig. 1E, F). The luminal material stained positive for
ApoE (Fig. 1G) and Oil Red O (Fig. 1TH). Taken together, these
results were consistent with the diagnosis of LPG. Treatment
with Tripterygium wilfordii glycosides, telmisartan, and piper-
azine ferulate resulted in no improvements in blood lipids and
urinary protein.

Gene testing of peripheral blood from family members
revealed a mutation in the ApoE gene of the proband: ¢.480
(exon4) to c.488 (exon4) delCAAGCTGCG (p.Lys161-
Argl63del, Lys143-Argl45del). This mutation was iden-
tical to the previously reported APOE Tokyo/Maebashi
(141-143del/142-144del). The proband’s mother and aunt, but
not the father, carried the same ApoE gene mutation. However,
the aunt’s routine blood, urine, and liver and kidney function
tests showed no abnormalities. The proband’s father, grandpar-
ents, aunt, and aunt’s daughters have not exhibited symptoms of
LPG to date (Fig. 2).

The patient’s treatment plan was subsequently adjusted to
include once-daily oral fenofibrate (200 mg) and twice-daily tel-
misartan (40 mg per dose). One week later, upon follow-up, the
urinary protein and occult blood results were found to be nega-
tive. Additional laboratory results included 24-hour urinary pro-
tein, 158.98 mg; serum albumin, 31.4 g/L; total cholesterol, 6.26
mmol/L (increased); LDL-C, 4.32 mmol/L (increased); HDL-C,
1.43 mmol/L; and TG level of 1.46 mmol/L. One month later,

Figure 1. Renal biopsy in the boy with LPG. (A-D) Light microscopy. The renal biopsy tissue submitted for examination was stained with HE, PAS, PASM, and
Masson stains. Enlargement of the glomerular volume and marked expansion of capillary loops were observed. The lumina were filled with lightly stained, vac-
uolated thrombus-like material. There was also proliferation of mesangial cells and matrix, with focal mesangial dissolution. Under the electron microscope, the
endothelial cells of the capillaries display evident vacuolar degeneration. The capillary loops are open, partially dilated, and contain a large amount of lipoprotein
vacuoles. (E, F) Electron microscope. (G) ApoE: luminal substance positivity. (H) Oil red O staining: positive staining of luminal contents. HE = hematoxylin and
eosin, LPG = lipoprotein glomerulopathy, PAS = periodic acid-schiff, PASM = periodic acid-silver methenamine.
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urinary protein and occult blood remained negative on routine
follow-up testing, with these additional results: 24-hour urine
protein 30 mg, and serum albumin 44.6g/L. Blood lipids were
within their normal ranges: TG, 1.43 mmol/L; total cholesterol,
4.09 mmol/L; LDL-C, 1.65 mmol/L; and HDL-C, 1.34 mmol/L.
At 1 year of follow-up, routine urinary testing, 24-hour urinary
protein, and blood lipids were normal.

3. Discussion and conclusion

LPG is an extremely rare genetic kidney disease characterized by
abnormal deposition of lipoprotein in the glomeruli, resulting in
the obstruction of the capillaries being the main histopathologi-
cal feature. Approximately 270 cases of LPG have been reported
to date worldwide. The age of onset varies widely, ranging from
4 to 72 years, with approximately equal sex distribution and
familial clustering.!"3! The main characteristics of LPG include
proteinuria, hematuria, or both, elevated blood lipids, and
increased serum ApoE.”" Without early intervention, renal fail-
ure can be progressive.l® The pathogenic mechanisms of LPG
have not been fully elucidated; however, genetic variations in the
ApoE gene is considered to be the main hypothesis.

The ApoE glycoprotein is composed of 299 amino acids,
encoded by the ApoE gene on chromosome 19. It is primarily
synthesized in the liver, but can also be produced by mesangial
cells in the kidney.”! There are 3 common isoforms of ApoE,
namely E2, E3, and E4, with their synthesis controlled by the
€2, €3, and €4 alleles, respectively. The type of isoform is deter-
mined by 2 amino acid residues at positions 112 and 158 on
the fourth exon of the ApoE gene. ApoE3 is the most common
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subtype, with Arg and Cys at positions 112 and 158, respec-
tively. ApoE2 has Cys at both positions, while ApoE4 has Arg
at both positions.

ApoE can be divided into 2 structural domains, each with
distinct structures and functions, involved in lipid transport
and metabolism (Fig. 3). The N-terminal domain contains the
low-density lipoprotein receptor (LDLR) binding region and
the heparan sulfate proteoglycan (HSPG) binding region. The
C-terminal domain is closely associated with lipid binding,
with the lipid binding position binding to triglycerides and
cholesterol, together forming chylomicrons, very low-density
lipoproteins (VLDL), intermediate-density lipoproteins, and
some high-density lipoproteins.!'! Triglyceride-rich lipoproteins
(TRLs) in plasma include chylomicrons secreted by the intestine
and VLDL secreted by the liver, mainly responsible for trans-
porting triglycerides to adipose tissue for storage and serving as
an energy source for skeletal and cardiac muscles. After entering
the bloodstream, TRLs are broken down by lipoprotein lipase
(LPL), removing a large amount of triglycerides, phospholipids,
and ApoC, and taking up cholesterol esters and ApoE to form
smaller and denser remnants of lipoproteins. ApoE on rem-
nants of lipoproteins mediates the uptake of TRL by liver cells
through the HSPG pathway or binding to LDLR in liver cells,
thereby reducing circulating lipid levels.l'>!3 ApoE3 and ApoE4
have normal binding ability to LDLR, while ApoE2 exhibits a
binding defect with LDLR, leading to impaired lipid clearance
and its association with type III hyperlipoproteinemia.'¥]

Currently, multiple ApoE gene mutations have been identi-
fied in LPG patients. The first reported mutation is ApoE Sendai
(Argl145Cys), which is a missense mutation. This mutation

standard sequence

4
A CGGGTGCGCCTCGCCTCCCACCTGCGTAA

GCGGCTCCT

CTCGCCTCCCACCTGCGECAAGCTGCGTAAGCGGCTCCT

E 1 2
I [ FHO
V LM
L 1 2 3 4
B CGGGTGCGCCTCGCCTCCCICCYGCGY-\AGCGGC;YCCIY II —D
ND
1 2 3
il

P ND ND

D CTCGCCTCCCACCTGCG[CAAGCTGCGITAAGCGGCTCCT

Figure 2. DNA sequence analysis of ApoE gene mutation and the pedigree chart of the child. The standard sequence displays the normal ApoE gene
sequence. Genetic testing confirmed the presence of a mutation in the ApoE gene in the child, with a deletion of 9 nucleotides (CAAGCTGCG) in exon 4 (A),
resulting in the deletion of 3 amino acids (Lys143-Arg145del) in ApoE. The mother (B) and aunt (C) of the child have the same ApoE gene mutation, while his
father does not have the mutation and is wild-type (D). Genetic screening was performed on the child, his parents, and his aunt. lll-1 is the proband (indicated
by an arrow). Squares and circles represent males and females, respectively. Empty symbols represent unaffected family members, while black symbols rep-
resent heterozygous patients with ApoE (Lys143-Arg145del) mutation. The dot symbol indicates asymptomatic carriers of this mutation. The proband and his
mother and aunt are heterozygous for the ApoE gene. The father is healthy and has a wild-type ApoE gene. The proband does not have any siblings, and his
grandparents refused genetic testing. II-4, 1lI-2, and IlI-3 did not undergo genetic testing due to economic reasons and have no history of kidney disease. Since
the lack of testing, they have been marked as ND (undetermined; E). DNA = deoxyribonucleic acid, ND = undetermined.
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Figure 3. The structure of ApoE and gene mutations in different regions are described. 14 different ApoE mutations are reported. The green region represents
the low-density lipoprotein receptor (LDLR) binding region (amino acids 136-150), the red region represents the heparan sulfate proteoglycan (HSPG) binding
region (@amino acids 142-147), the blue region represents the hinge region (HR; amino acids 192-215), the yellow region represents the lipid binding position
(LBP; mino acids 244-272). Arg (arginine), Cys (cysteine), Pro (proline), Gly (glycine), Leu (leucine), Ala (alanine), Asp (aspartic acid), del (deletion), dup (duplica-

tion). Ala = alanine, Arg = arginine, Asp = aspartic acid, Cys = cysteine, del = del
sulfate proteoglycan, LBP = lipid binding position, LDLR = low-density lipoprotein

etion, dup = duplication, Gly = glycine, HR = hinge region, HSPG = heparan
receptor, Leu = leucine, Pro = proline.

replaces the G at position 145 of the DNA sequence with C, result-
ing in the substitution of arginine with cysteine at position 145
of ApoE.!"5! Tt is considered a major mutation in LPG. Another
major mutation is ApoE Kyoto (Arg25Cys), which changes the
arginine at position 25 of ApoE to cysteine. Although this site
is not located in the binding region between ApoE and LDLR,
the cysteine at this site can form disulfide bridges with cysteines
at other sites, disrupting the tertiary structure of ApoE.!"® ApoE
Sendai and ApoE Kyoto are the 2 most common mutations, and
in terms of receptor binding ability, they exhibit only 5% of the
activity of normal proteins when binding to LDLR, leading to
the aggregation and clearance impairment of lipoproteins.!

So far, there have been 14 reported APOE gene variations
associated with the onset of LPG worldwide, including missense
mutations and in-frame deletions. Most of the mutations are
located at the LDLR binding site and its surrounding region,
particularly the HSPG binding domain, such as ApoE Tokyo
(del 141-143),'7' ApoE Maebashi (del 142-144),'8! ApoE
Sendai (Argl145Pro),>! ApoE Chicago (Argl147Cys),[""! ApoE
Guangzhou (Arg150Pro),?”! ApoE Modena (Argl150Cys),?2!
ApoE Okayama (Arg150Gly),??! and an unnamed novel ApoE
variant (del 143-147).5" These mutations may potentially
result in decreased binding capacity between ApoE and LDLR.
The other mutations are located outside the LDLR binding
region, such as ApoE Kyoto (Arg25Cys),l'*! ApoE Tsukuba
(Arg114Cys),”?’! ApoE Kanto (Asp151dup),?* ApoE Las Vegas
(Ala152Asp),”*) ApoE Chengdu (Leul55Pro),??! ApoE1 (del
156-173)?" and ApoE Osaka/Kurashiki (Arg158Pro).8! These
mutations may potentially alter the spatial conformation and
stability of the ApoE protein (Fig. 3). The substitution of proline
with other amino acids is an important mutation, such as ApoE
Sendai, ApoE Chicago, ApoE Chengdu, ApoE Guangzhou,

and ApoE Osaka/Kurashiki, as it may lead to a decrease in o-
helical content, exposure of hydrophobic surfaces, thermody-
namic instability, and aggregation of ApoE, resulting in LPG.?’!
Currently, only 1 Chinese study reported no apparent ApoE
gene mutations in 17 LPG patients, while other patients exhib-
ited ApoE gene mutations,’" indicating that other factors may
also induce LPG.

Patients with LPG often present with nephrotic syndrome,
with varying degrees of microscopic hematuria and type III
hyperlipoproteinemia, but only affecting the kidneys without
systemic changes in hyperlipidemia. In addition to significant
elevations in plasma triglyceride and cholesterol levels, there is
also a marked increase in ApoE, and the therapeutic effects of
glucocorticoids or immunosuppressants are unsatisfactory. The
unique pathological manifestations of the kidneys and genetic
testing play an important role in the diagnosis of lipoprotein
glomerulopathy. The typical features of LPG include glomeru-
lar capillary loop dilation with layered lipoprotein thrombi and
the rarity of foam cells derived from macrophages. The lipo-
protein thrombi can form a fingerprint-like appearance under
blood flow impact. Immunofluorescence staining shows positive
ApoE and/or ApoB in the mesangial area and within the capil-
lary loops of the glomerulus.

Currently, treatment for LPG aims to reduce proteinuria
and lipid levels, delaying the progression of renal dysfunction.
Glucocorticoids, immunosuppressants, and anticoagulants have
all demonstrated poor efficacy.3!l Previous case reports that
found combined treatment with glucocorticoids and immuno-
suppressants ineffective used intensified treatment with lipid-
lowering drugs (including fibrates) to provide clinical and
histological relief for patients. In those cases, serum choles-
terol, triglycerides, and ApoE decreased, and consecutive renal
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biopsies demonstrated complete disappearance of lipoprotein
thrombi.l?232-34 Fibrates drugs include fenofibrate, bezafibrate,
etc, which lower serum triglyceride levels and increase HDL-C
levels by activating peroxisome proliferator-activated receptor
alpha and upregulating LPL expression, and improve protein-
uria. Compared with the control group, the fibrates treatment
group has significantly higher survival rate and kidney survival
rate during the 3-year follow-up period.®! A study in China
demonstrated the feasibility of staphylococcal protein A immu-
noadsorption therapy,*®! because staphylococcal protein A can
bind to the Fc of IgG, thereby clearing circulating ApoE and
deposited ApoE in renal tissues,” and regular treatment can sig-
nificantly delay the progression of renal disease. Another report
indicates that plasma exchange using heparin-induced extra-
corporeal lipoprotein precipitation system can effectively treat
LPG, significantly reducing cholesterol and triglycerides. This is
because the heparin-induced extracorporeal lipoprotein precip-
itation system can activate LPL and hepatic triglyceride lipase
through heparin, making TRL (such as VLDL and intermediate-
density lipoproteins) easier to clear.?!! However, immune
adsorption and plasma exchange are currently not widely used
in clinical practice due to the difficulties in operation, high cost,
and risk of infection. Literature reports that there have been a
total of 6 cases of LPG patients undergoing kidney transplanta-
tion worldwide, with 5 cases experiencing LPG recurrence in the
transplanted kidney, and ApoE abnormalities in the recipients
may induce lipoprotein thrombosis in the transplanted kidney.!®!

Our patient had a relatively short disease course, presenting
clinically with nephrotic syndrome accompanied by anemia.
Following treatment with fenofibrate combined with telmis-
artan, proteinuria quickly turned negative and blood lipid
levels returned to normal. No other signs of extrarenal tissue
lipid deposition in our patient were observed, although his
anemia suggests a possible association with lipid deposition
in the bone marrow, affecting hematopoiesis. In contrast, the
patient’s mother had rapidly progressed to end-stage renal
disease after a renal injury. Although the boy’s aunt carries
a variation in the ApoE gene, she has not developed LPG or
experienced renal dysfunction, indicating that other factors
can also induce LPG.

LPG is a rare and poor-prognosis kidney disease. Initial
diagnosis often leads to misdiagnosis as primary nephrotic syn-
drome, and caution should be exercised for patients who do
not respond well to glucocorticoids and immunosuppressive
therapy. Renal biopsy is the gold standard for diagnosing LPG,
whose main pathologic manifestations are glomerular cap-
illary loop expansion and the presence of layered lipoprotein
thrombi. Currently, Lipid-lowering therapy, immunoadsorption,
plasma exchange, and even kidney transplantation provide only
symptomatic improvement and a delay of disease progression,
and the long-term efficacy of these treatments remains unclear.
ApoE plays a critical role in lipoprotein metabolism, and LPG is
strongly associated with ApoE gene mutations. Therefore, effec-
tive treatment for LPG must target the genetic level, which is
also the focus of our future research. In-depth study is needed to
explore more effective treatment methods.
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