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Abstract: Lipoprotein glomerulopathy (LPG) is caused by a mutation in the apolipoprotein E gene (APOE) gene and is characterized
by lipoprotein thrombi in glomerular capillaries. Here, we describe a case of LPG, the first to be reported from Canada and the first
case of LPG in North America to be associated with the APOE Tokyo/Maebashi mutation (p.Leu162_Lys164del, traditional
nomenclature 142_144del). A 49-year-old man of Chinese descent with a previous diagnosis of dyslipidemia and a new diagnosis
of hypertension was found to have proteinuria on routine urinalysis. Renal biopsy showed markedly dilated glomerular capillaries
filled with pale staining mesh-like material that stained positive for Oil-Red-O, consistent with lipoprotein thrombi. APOE gene
sequencing confirmed the diagnosis of LPG. The patient was treated with fenofibrate and perindopril. His lipid profile normalized and
proteinuria dropped to minimal levels. Repeat renal biopsy 2 years after the first showed resolution of lipoprotein thrombi but with rare
residual granular densities by electron microscopy consistent with lipoprotein in the subendothelial space, supporting the hypothesis
that this subendothelial material contains precursors to lipoprotein thrombi.
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Introduction
Lipoprotein glomerulopathy (LPG) is a condition first described in Japan in 1989.1 Since then, approximately 200 cases
have been reported, mostly from China and Japan, with only a handful of cases reported outside of Asia.2 LPG usually
presents as progressively worsening proteinuria in a patient of East Asian descent, with males more commonly affected
than females.3 Patients often, but not always, have co-existent hypertriglyceridemia. It is characterized on renal biopsy by
lipoprotein thrombi in glomerular capillaries. We report a case of a 49-year-old man presenting with proteinuria and renal
biopsy that showed LPG. Repeat renal biopsy two years later showed disease resolution in response to therapy.

Case Report
A 49-year-old male of Chinese descent was found to have proteinuria with urine albumin-to-creatinine ratio (ACR) of 153.8
mg/mmol on routine laboratory testing. His creatinine at that time was 109 µmol/L with an associated estimated GFR of 68
mL/min/1.73.2 He was asymptomatic to his renal disease, apart from newly diagnosed hypertension for which he had been
started on perindopril 4 mg daily a week prior to his first nephrology assessment. Another previous medical history was
significant for dyslipidemia diagnosed six years ago, although he had only started taking rosuvastatin 10 mg daily 3–6 months
prior. He was also a current cigarette smoker with a 30-year smoking history.

Family history was negative for any kidney disease. His father died of pancreatic cancer. His mother died of liver
cancer. All other immediate family members were healthy.

On examination, BP was 136/80 mmHg. Physical examination was otherwise normal with no stigmata of connective
tissue disease or manifestations of lipoidosis. Serum creatinine was 109 µmol/L and serum albumin was 39 g/L. The
patient had subnephrotic range proteinuria with ACR 153.8 and 24 h urine protein of 2.66 g/day. Urinalysis was positive
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for 0.3 mg/L hemoglobin, but urine microscopy showed only 1–3 erythrocytes/hpf. Antinuclear antibody was weakly
positive, but the autoimmune review of systems was negative. C3, C4, antineutrophil cytoplasmic antibody panel,
glomerular basement antibody, hepatitis B and C serology, human immunodeficiency virus testing, and cryoglobulin
were all negative. Hemoglobin A1C was 5.6%. Serum protein electrophoresis showed no monoclonal protein. Fasting
lipid profile showed total cholesterol (TC) 8.82 mmol/L, low-density lipoprotein (LDL) 6.16 mmol/L, high-density
lipoprotein (HDL) 1.12 mmol/L, and triglycerides (TG) 3.38 mmol/L. ApoE level was ordered but never processed by
the laboratory. The patient’s perindopril was increased to 16 mg PO daily, but ACR remained elevated (173.8 mmol/L).

Renal biopsy contained up to 20 glomeruli by light microscopy. The biopsy showed that most glomeruli were
enlarged and had markedly dilated capillary lumina filled with amorphous to mesh-like material that stained pale with
hematoxylin and eosin, Periodic Acid Schiff, Jones’, and Masson trichrome (Figure 1A), but positive with Oil-Red-O
(Figure 1B). No foam cells were seen. There was mild-to-moderate mesangial expansion with hypercellularity (segmen-
tally up to 8–9 nuclei). Segmental sclerosis was noted within up to 2 glomeruli in a perihilar distribution. Silver stained
sections showed variable thickening and duplication of the glomerular basement membrane in some areas with no
epimembranous spike formation. Chronic tubulointerstitial injury (fibrosis and atrophy) was seen in 5% of sampled
cortex. There were no red blood cell casts. Interlobular-sized arteries and arterioles were unremarkable, and peritubular
capillaries were unaffected. Direct immunofluorescence showed no significant staining for IgG, IgM (trace), IgA, C1q,
C3, kappa, lambda, fibrin/fibrinogen, or albumin. Immunofluorescence on paraffin-embedded tissue after pronase
digestion showed segmental mesangial and capillary wall staining for IgM (1+), kappa (1+), and lambda (1+) in
segmentally sclerosed glomeruli. The intracapillary material did not stain for any of the immunoreactants tested. On
electron microscopy, there were large extracellular vacuolated particles that focally showed a laminated structure
(Figure 1C). Glomerular basement membranes surrounding this material were thickened, with flocculent material
expanding the subendothelial space and focally containing granules and vacuoles. There was mild-to-moderate podocyte
foot process effacement. A segment without intracapillary material was unremarkable with normal basement membrane
thickness, preserved podocyte foot processes, and no immune deposits.

Genotyping with polymerase chain reaction showed apo E3/E3 genotype. Genetic sequencing was done which
revealed p.Leu162_Lys164del, known in the literature as the Tokyo/Maebashi mutation of the apolipoprotein E gene
(APOE) (Blueprint Genetics, Finland).

Based on the renal biopsy results, the patient was treated with fenofibrate 160 mg PO daily in addition to rosuvastatin
5 mg PO daily. The patient also remained on perindopril 16 mg PO daily. Just two weeks after starting fenofibrate, the
patient’s fasting lipid profile normalized (TC 4.39 mmol/L, LDL 2.43 mmol/L, HDL 1.30 mmol/L, and TG 1.46 mmol/L)
and ACR had dropped to 75.0 mg/mmol. ACR continued to decrease and was down to 2.7 mg/mmol two years after
fibrate initiation. However, creatinine had increased to 123 µmol/L. This was thought to be most likely from the effect of
fibrates on creatinine secretion,4 but a second renal biopsy was ordered to rule out any disease progression. Repeat biopsy
done 27 months after the initial biopsy contained up to 17 glomeruli. Capillary lumina were no longer dilated or filled
with acellular material (Figure 2A). Occasional glomeruli still had mild-to-moderate mesangial expansion with hyper-
cellularity. Two glomeruli showed global glomerulosclerosis (11%) and three showed focal segmental glomerulosclero-
sis: two perihilar and one within an indeterminate location. There was no intracapillary material seen and Oil-Red-O stain
was negative (Figure 2B), consistent with the resolution of LPG. On electron microscopy, no intracapillary material was
seen (Figure 2C). The subendothelial expansion seen in the previous biopsy was notably decreased, with rare persistent
flocculent material with a vacuolized appearance, consistent with markedly resolved LPG (Figure 2C).

The patient continues to do well 3 years after initial diagnosis of LPG and continues to take fenofibrate, rosuvastatin,
and perindopril. Creatinine remains stable (106 µmol/L) and ACR is 3.4 mg/mmol.

Discussion
LPG is a renal lipidosis characterized by abnormal lipoprotein metabolism causing lipoprotein thrombi, proteinuria, and
renal insufficiency.5 It is usually caused by a mutation in apolipoprotein E (apoE) and is inherited in an autosomal
dominant fashion with incomplete penetrance.3 It was first reported in 1989.1 Since then, there have been approximately
200 cases reported worldwide, 145 of which include confirmatory gene sequencing.6–20 Most of these reports come from
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China and Japan. Only 10 cases of LPG (including this one) have been reported from North America,2,18,21–26 and
previously only 5 of these included gene sequencing: 3 APOE Kyoto,18,23 1 APOE Chicago,22 1 APOE Las Vegas.25 The
case we present here is the first in North America to be identified with APOE Tokyo/Maebashi. It is also the first case
report of LPG from Canada.

LPG can affect any age group.3 It is usually found in patients of East Asian descent, with only 18 cases identified in patients
of non-Asian descent,2,10,12,20,22,23,25–33 of which only 9 include confirmatory gene sequencing: 1 APOE Chicago,22 3 APOE
Kyoto,12,23 1 APOE Las Vegas,25 2 APOE Modena,27,29 and 2 APOE Osaka/Kurashiki.10 It has a male predilection and

Figure 1 Original biopsy. The length of each bar represents the distance in microns. (A) shows dilated glomerular capillaries filled with mesh-like acellular material (Masson
trichrome). (B) shows capillary lumina that are dilated with lipid droplets (Oil-Red-O stain). (C) shows a fingerprint-like structure composed of granules and vacuoles within
a capillary lumen. There is expansion (asterisk) of the subendothelial space (electron microscopy, 5000x).
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usually presents with proteinuria found incidentally on routine laboratory testing.3 Creatinine clearance is usually normal at
the time of diagnosis.5 It is associated with elevated apoE serum levels and hypertriglyceridemia, althoug this is not always the
case.3 The majority of patients have hypertension.34 Stigmata of lipidosis such as xanthomas are usually absent.3

To our knowledge, there have been only 13 LPG patients in the world (including this patient) that have been identified
with the APOE Tokyo/Maebashi mutation. 5 are from Japan,13,35–37 6 are from China,38,39 and 1 is from Switzerland in a
man of Indonesian descent.11 APOE Tokyo/Maebashi appears to be fairly rare in frequency in the general population. In

Figure 2 Follow up biopsy. The length of each bar represents the distance in microns. (A) shows glomerular capillaries are no longer dilated or filled with acellular material
(Masson trichrome). (B) confirms the absence of lipid droplets (Oil-Red-O stain). (C) shows electron micrograph of capillary lumina that no longer contain acellular material
(5000x). However, rare subendothelial spaces are expanded with lipoprotein material [osmiophilic granules (protein) and vacuoles (lipid)] as depicted in the inset (C)
(15000x, corresponding to the rectangle on (C)).
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one study, 200 Chinese individuals with normal lipid profiles were screened for this mutation and all tested negative.38

This same study also demonstrated that some family members carrying the APOE Tokyo/Maebashi mutation did not have
LPG, suggesting incomplete penetrance. This finding is consistent with other mutations linked to LPG. The APOE
Tokyo/Maebashi mutation is found at the LDL receptor binding site of apoE,13 which is where most mutations associated
with LPG occur.35 A change in binding affinity of the apoE to the LDL receptor impairs catabolism of triglyceride-rich
lipoproteins.3 These lipoproteins then accumulate in glomeruli and form lipoprotein thrombi. Studies have shown that
proteins with mutations causing LPG such as APOE Sendai, APOE Chicago, APOE Osaka/Kurashiki,40 APOE Kyoto,
APOE Tsukuba, and APOE Las Vegas have a tendency to aggregate.41 It is unclear why these lipoprotein thrombi are not
found in any structure other than the glomeruli. However, there is speculation that mutations that increase the positive
charge of apoE would increase its affinity for the negatively charged glomerular basement membrane, causing them to
localize and aggregate in that area.3 It is also postulated that precursors of lipoprotein thrombi assemble in the
mesangium and/or subendothelium, and then build up in the glomerular capillaries as a downstream effect.42 Our
post-treatment biopsy findings provide evidence to support this hypothesis.

On kidney biopsy, the most striking feature of LPG is enlarged glomerular capillaries filled with lipoprotein thrombi. These
thrombi stain pale with H&E, PAS, and Jones’, but positive for Oil-Red-O.42 There is often associated mesangial proliferation,
but no foam cells. Sometimes there is membrane reduplication in capillary walls. Segmental sclerosis is also a common
finding. There is no significant staining on immunofluorescence. On electronmicroscopy, the lipoprotein thrombi are shown to
consist of lipid granules and vacuoles of various sizes that form a lamellated “fingerprint” appearance. Several biopsies also
demonstrate osmiophilic substances in the subendothelium and/or mesangium, even in capillary lumina that do not contain
lipoprotein thrombi.42 Thus, it is hypothesized that these osmiophilic substances could represent an early step in the formation
of lipoprotein thrombi, although it was unclear whether these densities could just be a non-specific finding.3 The glomerular
subendothelium is an ideal nesting spot for LPG-mutated lipoprotein to accumulate since mutated apoE has a higher affinity to
both endothelial cells and the glomerular basement membrane. One study showed that triglyceride-rich lipoproteins contain-
ing apoE3 affected by the APOE Kyoto mutation had greater binding affinity to endothelial cells than triglyceride-rich
lipoproteins bound to wild-type apoE3.43 It is also thought that changes in the electrical charge of mutated apoE increase its
affinity for the negatively charged glomerular basement membrane.3 Our discoveries corroborate previous pathological
findings of LPG, and add to the existing knowledge of the disease. We are the first to report a repeat biopsy showing that
after resolution of lipoprotein thrombi, there is a marked decrease in these subendothelial granular densities, suggesting that
the presence of this subendothelial material is a feature specific to LPG that correlates with disease severity. Additionally, this
flocculent subendothelial material did not disappear completely despite the complete resolution of lipoprotein thrombi, which
supports the idea that this substance is a milder morphologic manifestation of this condition and possibly a precursor in the
formation of lipoprotein thrombi.

Worldwide, only 22 cases of LPG including this case have reported the results of more than one native kidney
biopsy.14,15,29,32,44–49 Of these repeat biopsies, 20 (including this one) showed improvement or resolution of lipoprotein
thrombi, and 2 cases showed no improvement. Our repeat biopsy findings were consistent with previous cases which all
reported persistent mesangial changes, foot process effacement, segmental sclerosis, interstitial fibrosis, and tubular
atrophy even after lipoprotein thrombi have disappeared. This case is the first to report a repeat biopsy with improvement
in, but not complete disappearance of, osmiophilic granules in the subendothelium, even when lipoprotein thrombi have
resolved, supporting the theory that these substances represent an early step in the formation of lipoprotein thrombi.

Of the 19 cases with repeat biopsy that improved, 1 was treated with probucol and 6 were treated with a fibrate with
or without other lipid-lowering agents. One was treated with LDL apheresis, and 12 were treated with protein A
immunoadsorption. Both cases that showed no improvement were treated with fibrates but did not respond. Various
treatments have been used for LPG, with variable success. Fibrates are currently the mainstay of treatment for LPG, even
for LPG patients who do not have dyslipidemia. One study of 35 LPG patients showed that patients who received fibrate
therapy for at least 12 months had 93.7% renal survival versus only 30% renal survival after 3 years in those that did not
receive a fibrate.34 Response to fibrate therapy is variable and does not seem to be predicted by apoE mutation type. Less
consistent results have been seen with other-lipid lowering therapies. There is one case report that suggests niceritol
could be effective.37 Probucol, icosapent ethyl,37 and statins have all had mixed success.17 Most reports suggest that even
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though statins normalize patient lipid profiles, they usually do not lead to improvement in proteinuria.5 This is consistent
with our findings. Our patient was on rosuvastatin 10 mg PO daily for over 6 months prior to starting fibrate therapy, and
even though his lipid profile improved, his proteinuria did not. Similarly, reports suggest that angiotensin converting
enzyme inhibitors (ACEIs) and angiotensin receptor blockers (ARBs) alone do not improve LPG. Our patient received
four months of perindopril prior to starting fibrate therapy and proteinuria remained unchanged until fibrates were started.
When patients are refractory to fibrate therapy, alternative treatments include LDL apheresis29 and staphylococcal protein
A immunoadsorption,48 although a need for repeat treatments might be required.

There have been no cases reported of LPG that resolve spontaneously without treatment. Almost all patients with
LPG who receive a kidney transplant have a recurrence of LPG on kidney biopsy within several months.3

LPG is a rare kidney disease mostly seen in China and Japan. To our knowledge, we are the first to report a case of LPG in
Canada. Considering the diverse ethnic population found in Canada, and in particular the large Asian communities in Canada,
it is likely that the absence of case reports of LPG represents under-diagnosis or under-reporting of this entity. By reporting our
findings, we hope to raise awareness of this disease in non-Asian countries. Indeed, the clinical presentation can be very subtle
and patients with this disease are likely under-biopsied due to the presumption that their underlying kidney disease must be
from more common conditions, such as hypertension, diabetes, or IgA nephropathy. However, as in this case, patients with
proteinuria who are not responding to usual treatments such as ACEI or ARB should receive a kidney biopsy to assess for
LPG, especially if they are of East Asian descent and have hypertriglyceridemia. This diagnosis is a particularly critical one to
make since the treatment used for this disease is very different from other glomerular diseases, and the prognosis without
treatment is quite poor. In addition, we offer insight into the pathological evolution of LPG, with novel biopsy findings to
support the hypothesis that precursors to lipoprotein thrombi are found in the subendothelium of glomeruli. Meta-analysis of
existing reports and studies is required to target therapies more selectively.

Conclusion
LPG is a disease that is difficult to clinically differentiate from other proteinuric kidney diseases associated with
dyslipidemias. While appropriate treatment results in significant recovery, lack of treatment can often lead to significant
loss of kidney function, further highlighting the importance of accurate diagnosis and appropriate treatment. Considering
the diversity of population in many countries across the world, it is likely that this disease is under-recognised outside of
China and Japan. By reporting the first case of LPG in Canada, we hope to raise awareness of this rare disease. We also
offer insight into the pathogenesis of LPG through repeat biopsy that showed improvement in, but not complete
disappearance of, subendothelial lipoprotein material even after resolution of lipoprotein thrombi and complete clinical
remission of disease. This supports growing evidence that precursors to lipoprotein thrombi are found in the subendothe-
lial space of glomeruli in LPG.

Abbreviations
ACEI, angiotensin-converting enzyme inhibitor; ACR, urine albumin-to-creatinine ratio; APOE, apolipoprotein E gene;
apoE, apolipoprotein E; ARB, angiotensin receptor blocker; HDL, high-density lipoprotein; LDL, low-density lipopro-
tein; LPG, lipoprotein glomerulopathy; TC, total cholesterol; TG, triglycerides.
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