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Background: Lecithin cholesterol acyltransferase (LCAT) is an important enzyme in cholesterol 
metabolism that is involved in the esterification of  cholesterol. A lack of  this enzyme results 
in deranged metabolic pathways that are not completely understood, resulting in abnormal 
deposition of  lipids in several organs. Clinically, it manifests with proteinuria, dyslipidemia 
and corneal opacity with progressive chronic kidney disease resulting in end-stage renal 
disease. 
Case Presentation: We herein present a case of  a 30-year-old male with proteinuria that was not 
responsive to empiric management with angiotensin-converting enzyme (ACE) inhibitors 
and oral steroids. Physical examination revealed corneal ring opacity involving both eyes. 
Urinalysis revealed an active sediment. The 24-h proteinuria was 3.55 grams. Family history 
was positive for renal disease and dyslipidemia. Viral serology for human immunodeficiency 
virus (HIV), hepatitis C virus (HCV) and hepatitis B virus (HBV) were negative. Serum 
complements were normal and anti-nuclear antibody (ANA) was negative. We elected for 
a renal biopsy that revealed characteristic features of  LCAT deficiency. The diagnosis of 
LCAT deficiency was established with a combination of  clinical and pathological findings.
Conclusions: Currently renal prognosis is poor but conservative management with ACE 
inhibitors and lipid lowering therapy in addition to steroids has been shown to retard 
progression to end-stage renal disease. However newer therapies such as gene replacement 
and recombinant LCAT replacement are being studied with promising preliminary results.

ABSTRACT

Implication for health policy/practice/research/medical education:
Familial lecithin cholesterol acyltransferase (LCAT) deficiency is an autosomal recessive inherited disease that presents with 
corneal opacity, dyslipidemia and proteinuria with a poor renal prognosis where end-stage renal disease is common around 
the fourth decade of  life. We present a case with classical presentation where diagnosis is confirmed by renal biopsy. Classical 
histological images are provided in this case report. 
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1. Introduction
In the metabolism of  cholesterol, once free 
cholesterol is bound to HDL, cholesterol undergoes 
esterification to cholesterol esters by lecithin 
cholesterol acyltransferase (LCAT). In individuals 
with homozygous mutations in the LCAT gene, this 
enzymatic process is disrupted and results in extremely 
low serum levels of  HDL-cholesterol. Clinically, it 
manifests with severe corneal opacities known as fish 
eye syndrome and the presence of  target cells (1,2). 
We present a case where the patient presented with 
heavy proteinuria, obvious corneal opacities and 
a positive family history leading to the diagnosis of 
familial LCAT deficiency that was confirmed with 
renal biopsy. 

2. Case Presentation
A 30-year-old male was referred for persistent 
proteinuria from a community hospital. His past 
medical history was significant for hypertension and 
dyslipidemia. Treatment received was angiotensin-
converting enzyme (ACE) inhibitors, statins and a 
trial of  oral steroids without any change in baseline 
proteinuria. Family history was significant for familial 
dyslipidemia in several first degree relatives. His sister 
developed end-stage renal disease (ESRD) and was 
currently on hemodialysis; the cause of  ESRD was not 
determined. The patient himself  did not complain of 
any symptoms except for lower-limb edema on initial 
presentation. On examination, his blood pressure 
was 159/95 mmHg, pulse 82/min and was afebrile. 
He denied urinary symptoms, loin pain or analgesic 
use. Physical examination revealed a healthy looking 
young male of  average built with body mass index 
of  24.8 kg/m2. Cardiovascular, chest, neurological 
and abdominal examination were unremarkable. The 
only striking finding was the presence of  bilateral 
corneal ring opacities shown in Figure 1. Serum 
creatinine was 1.31 mg/dl, and serum electrolytes 

were within normal limits. Hemoglobin was 13 g/dl 
and platelets 200 × 109/L. Serology for hepatitis B 
virus, hepatitis C virus, HIV 1 and 2 antibodies were 
negative. Serum total cholesterol was 309 mg/dl, 
triglycerides 545 mg/dl, LDL 177 mg/dl and HDL 
of  23 mg/dl. Liver enzymes and coagulation profile 
were within normal limits. Anti-nuclear antibody 
(ANA) was negative. Complement C3 and C4 levels 
were normal. Urinalysis showed protein 3+ and red 
blood cells 20-30 per high power field. The 24-h 
proteinuria was 3.55 grams. Renal ultrasound revealed 
bilateral echogenic kidneys with right renal length 
of  10.1 cm and left measuring 10.4 cm. Given the 
clinical scenario, we elected for renal biopsy after the 
patient was consented in order to establish a definitive 
diagnosis and identify any potentially reversible entity. 
Light microscopy with periodic acid-Schiff  stain 
revealed glomerular mesangial matrix expansion 
and irregular thickening of  the glomerular basement 
membranes as seen in Figure 2a. When stained with 
Jones Methenamine Silver (Figure 2b), it further 
illustrated the glomerular basement membranes with 
an irregular vacuolated appearance. These findings 

Figure 1. The most striking physical sign in our patient-  
corneal opacity.

Figure 2. (a) Renal biopsy showing a glomerulus with 
mesangial expansion and irregular thickening of  the 
glomerular basement membrane (GBM) (PAS stain, 
400X). (b) GBM with an irregular vacuolated appearance 
mimicking the changes seen in stage 3 membranous 
glomerulopathy. (JMS stain, 400X)
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mimic the changes seen in stage 3 membranous 
glomerulopathy. Immunofluorescence microscopy 
was negative for immunoglobulins and complement 
components. Electron microscopy (Figure 3a, 3b, 3c) 
revealed lipid deposits appearing as abundant lacunae. 
The lacunae contains electron-lucent deposits with an 
electron-dense core involving the mesangial matrix as 
well as the glomerular basement membranes. These 
findings are in line with LCAT deficiency. 

3. Discussion 
The diagnosis of  familial LCAT deficiency as the 
cause of  proteinuria was then established in our 
patient given the positive family history and clinical 
information in conjunction with classical renal 
histopathological findings. Phosphatidylcholine-
sterol O-acyltransferase is another name for LCAT; 
an enzyme bound to both HDL and LDL in plasma. 
This enzyme is responsible for the conversion of 
free cholesterol into cholesterol ester which renders 
it more hydrophobic (3). This product is then bound 
into the core of  a lipoprotein particle that results in 
keeping the newly synthesized HDL spherical and 
maintaining the reaction to remain unidirectional as 
the particles are removed from the surface (4). The 
deficiency of  LCAT results in alterations in the serum 
concentrations of  unesterified cholesterol and lecithin 
eventually leading to abnormalities in the structure 
and composition of  HDL and LDL particles (5). 
There are two forms of  the disease, both of  which are 
inherited in an autosomal recessive manner caused by 
mutations of  the LCAT gene on chromosome 16q22. 
The first form is called ‘familial LCAT deficiency’ 
which is characterized by complete LCAT deficiency. 

The second form is known as ‘fish eye’ disease in which 
there is a partial deficiency. Both forms of  the disease 
are extremely rare with just over 30 families together 
accounting for around 60 patients with familial 
LCAT deficiency. And a further 20 patients with fish 
eye disease have been reported in literature (4). The 
pathogenesis of  renal injury in LCAT deficiency has 
not yet been fully elucidated. It has been suggested 
that LDL particles trapped in capillary loops may 
trigger endothelial and vascular injury (6). Renal 
lesions begin with lipid deposition in the glomerular 
basement membrane, mesangial expansion and lipid 
accumulation in the capillary sub-endothelium. Lipid 
deposits also occur in liver, spleen and bone marrow 
(7). The progression of  renal disease is variable; 
these patients have progressive proteinuria and renal 
impairment leading to ESRD by the fourth decade of 
life (8,9). Currently there is no causal treatment for 
familial LCAT deficiency; lipid lowering therapy in 
addition to antihypertensive medication thus remains 
the mainstay of  management. This combination has 
proven to retard the progression of  the disease (10). 
The potential benefits of  corticosteroid treatment 
have also been described (11). In those who develop 
ESRD; in addition to dialytic therapies, transplantation 
remains a viable option despite evidence of  recurrence 
of  the disease in renal allografts. Acceptable long-term 
results have been reported in transplant recipients with 
familial LCAT deficiency (12). Potential therapy with 
LCAT gene replacement and enzyme replacement are 
being explored. In one study, LCAT activity in plasma 
was restored using autologous adipocytes transfected 
with human LCAT via a retroviral vector (13). 
Recombinant human LCAT (ACP-501) demonstrated 

Figure 3. (a) (b) and (c) Lipid deposits appear as abundant lacunae containing electron-lucent deposits with an electron-dense 
core involving the mesangial matrix and the glomerular basement membranes (electron micrograph)
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favorable results in LCAT knockout mice restoring 
LCAT activity, cholesterol efflux and lipid profiles. 
Recombinant human LCAT evaluated in familial 
LCAT deficiency patients in a phase 1 trial showed 
positive results and has given way to the ongoing 
clinical development of  ACP-501 (14). 
Currently, our patient is being treated with lipid 
lowering therapy in addition to ACE inhibitors. We 
look forward to the promising results from the phase 
1 Recombinant human LCAT (ACP-501) study and 
eagerly await for the final product that can change the 
future of  all patients with LCAT deficiency.

4. Conclusions 
Familial LCAT deficiency is an autosomal recessive 
disorder that inevitably progresses to ESRD. This case 
illustrates the utility of  a renal biopsy in determining 
the cause of  proteinuria. 

Authors’ contributions
All authors wrote the paper equally.

Conflict of  interests
None of  the contributing authors have any conflict 
of  interest, including specific financial interests or 
relationships and affiliations relevant to the subject 
matter or materials discussed in the manuscript. 

Funding/Support
None.

References
1. Funke H, von Eckardstein A, Pritchard PH, Albers 

JJ, Kastelein JJ, Droste C, et al. A molecular defect 
causing fish eye disease: an amino acid exchange in 
lecithin-cholesterol acyltransferase (LCAT) leads to 
the selective loss of  alpha-LCAT activity. Proc Natl 
Acad Sci U S A 1991;88(11):4855-9. 

2. Klein HG, Lohse P, Pritchard PH, Bojanovski D, 
Schmidt H, Brewer HB Jr. Two different allelic 
mutations in the lecithin-cholesterol acyltransferase 
gene associated with the fish eye syndrome. Lecithin-
cholesterol acyltransferase (Thr123----Ile) and lecithin-
cholesterol acyltransferase (Thr347----Met). J Clin 
Invest 1992;89(2):499-506. 

3. Gigante M, Ranieri E, Cerullo G, Calabresi L, Iolascon 
A, Assmann G, et al. LCAT deficiency: molecular and 
phenotypic characterization of  an Italian family. J 
Nephrol 2006;19(3):375-81.

4. Seidel D, Alaupovic P, Furman RH. A lipoprotein 
characterizing obstructive jaundice. I. Method 
for quantitative separation and identification of 
lipoproteins in jaundiced subjects. J Clin Invest 
1969;48(7):1211-23. 

5. Chen C, Applegate K, King WC, Glomset JA, Norum 
KR, Gjone E. A study of  the small spherical high 
density lipoproteins of  patients afflicted with familial 
lecithin: cholesterol acyltransferase deficiency. J Lipid 
Res 1984;25(3):269-82. 

6. Borysiewicz LK, Soutar AK, Evans DJ, Thompson GR, 
Rees AJ. Renal failure in familial lecithin: cholesterol 
acyltransferase deficiency. Q J Med 1982;51(204):411-
26.

7. Ohta Y, Yamamoto S, Tsuchida H, Murano S, Saitoh 
Y, Tohjo S, et al. Nephropathy of  familial lecithin-
cholesterol acyltransferase deficiency: report of  a case. 
Am J Kidney Dis 1986;7(1):41-6. 

8. Holleboom AG, Kuivenhoven JA, van Olden CC, 
Peter J, Schimmel AW, Levels JH, et al. Proteinuria in 
early childhood due to familial LCAT deficiency caused 
by loss of  a disulfide bond in lecithin:cholesterol acyl 
transferase. Atherosclerosis 2011;216(1):161-5. 

9. Jahanzad I, Amoueian S, Attaranzadeh A. Familial 
lecithin-cholesterol acyltransferase deficiency. Arch 
Iran Med 2009;12(2):179-81.

10. Aranda P, Valdivielso P, Pisciotta L, Garcia I, Garca 
AAC, Bertolini S, et al. Therapeutic management of 
a new case of  LCAT deficiency with a multifactorial 
long-term approach based on high doses of 
angiotensin II receptor blockers (ARBs). Clin Nephrol 
2008;69(3):213-8.

11. Miarka P, Idzior-Walus B, Kuzniewski M, Walus-
Miarka M, Klupa T, Sulowicz W. Corticosteroid 
treatment of  kidney disease in a patient with familial 
lecithin-cholesterol acyltransferase deficiency. Clin 
Exp Nephrol 2011;15(3):424-9.

12. Panescu V, Grignon Y, Hestin D, Rostoker G, Frimat 
L, Renoult E, et al. Recurrence of  lecithin cholesterol 
acyltransferase deficiency after kidney transplantation. 
Nephrol Dial Transplant 1997;12(11):2430-2. 

13. Asada S, Kuroda M, Aoyagi Y, Fukaya Y, Tanaka S, 
Konno S, et al. Ceiling culture-derived proliferative 
adipocytes retain high adipogenic potential suitable 
for use as a vehicle for gene transduction therapy. Am 
J Physiol Cell physiol 2011; 301(1): C181-5.

14. Rousset X, Vaisman B, Auerbach B, Krause BR, 
Homan R, Stonik J, et al. Effect of  recombinant 
human lecithin cholesterol acyltransferase infusion 
on lipoprotein metabolism in mice. J Pharmacol Exp 
Therap 2010;335(1):140-8. 

Copyright © 2015 The Author(s); Published by Society of  Diabetic Nephropathy Prevention. This is an open-access article 
distributed under the terms of  the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


