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Clinical Case Study

An Unusual Case of Severe
Hypertriglyceridemia and Splenomegaly

Amit R. Rahalkar," Jian Wang," Sandra Sirrs,? James Dimmick,® Daniel Holmes,* Nadine Urquhart,*
Robert A. Hegele,"" and Andre Mattman?

CASE

A 49-year-old man of Japanese and British ancestry
was referred to a metabolic diseases clinic for evalua-
tion 5 months after nontraumatic spleen rupture re-
quiring splenectomy. Prior history included hyper-
tension and mild frontal headaches, but no other
neurological or cardiovascular symptoms. The patient
did not smoke and used alcohol infrequently. His
mother had coronary artery disease, and his father had
mild hypertension. There was no family history of
consanguinity, splenomegaly, diabetes, or develop-
mental delay.

The ruptured spleen weighed 727 g, and spleno-
megaly was associated with marked sinus histiocytosis
spreading apart the lymphoid component. The over-
whelming majority of histiocytes were foamy (Fig. 1a),
and only a few had sea-blue appearance and reacted
positively with periodic acid-Schift (PAS), PAS and di-
astase, and May-Giemsa stains. A lipid storage disorder
was suspected, but the histiocytes did not have the cy-
toplasmic linearity appearance of Gaucher cells and
were otherwise nonspecific. Before splenic rupture, the
patient’s lipoprotein profile was reported as being nor-
mal, with no past recorded triglyceride measurement
exceeding 2 mmol/L.

Two-month postsplenectomy laboratory investi-
gations revealed combined hyperlipidemia with plasma
total cholesterol, HDL-cholesterol, and triglycerides of
7.9 (normal <5.2), 1.4 (normal >1.0), and 4.3 (normal
<1.7) mmol/L, respectively. Liver function tests were
normal aside from increased y glutamyltransferase
(88 ug/L; normal <49 ug/L). Hemoglobin and leuko-
cyte counts were normal with mild thrombocytosis.
Physical examination at 5 months revealed obesity
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(body mass index 28.9 kg/m?) and hypertension (rest-
ing blood pressure 140/100 mm Hg). Cardiovascular
examination was normal. There were no xanthomata
or xanthelasmata and no hepatomegaly. Left ventricu-
lar ejection fraction by echocardiogram was normal at
50%. Coronary artery computed tomographic scan re-
vealed no obvious arterial occlusion, and brain MRI
revealed nonspecific white matter changes consistent
with ischemia. Carotid artery ultrasound showed no
significant obstruction.

Six months postsplenectomy, the patient’s plasma
triglycerides were 17.2 mmol/L. He was placed on a
seafood-rich, low-fat, low-sugar diet. At 8 months his
plasma triglycerides had fallen to 1.5 mmol/L, while
total cholesterol and HDL-cholesterol were 8.2 and
1.2 mmol/L, respectively, and apolipoprotein (apo)B
and apoA-I concentrations were 1.19 and 1.35 g/L, re-
spectively. The patient’s dietary regimen was relaxed,
and at 12 months triglycerides had again increased to
21.1 mmol/L. In view of findings suggesting cardiovas-
cular disease and recurrent severe hypertriglyceride-
mia, aspirin and antihypertensive, and lipid-lowering
therapies (atorvastatin 10 mg/day and salmon oil 3
g/day) were initiated. Genomic investigation was
requested.

DISCUSSION

Primary hypertriglyceridemia is a family of relatively
common disorders, some of which have a known mo-
lecular genetic basis. For instance, some cases of famil-
ial chylomicronemia result from mutations in the gene
encoding lipoprotein lipase or its cofactor apoC-II.
Some cases of familial combined hyperlipoproteinemia
result from mutations in the upstream transcription
factor 1 (USFI) gene encoding a transcription factor.
Dysbetalipoproteinemia (type III hyperlipoprotein-
emia) requires 2 copies of the binding defective APOE
E2 allele. Most cases of primary hypertriglyceridemia,
however, do not have a known molecular basis. Sec-
ondary factors that worsen hypertriglyceridemia in-
clude poor diet, obesity, alcohol use, diabetes, renal
disease, pregnancy, nonalcoholic fatty liver disorder,
paraproteinemias, autoimmune disorders, and certain
medications, such as steroids.
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Fig. 1. Pathology and genomic studies of the index patient.

(a), Hematoxylin and eosin—stained section (40<) of spleen, showing expanded white pulp displacing Malpighian bodies. The
pallor is due to the abundance of foamy histiocytes in the sinusoids, seen in inset (400X). (b), LightCycler (Roche Diagnostics)
analysis of genomic DNA with curve C representing the patient's APOE melting curve at codon 158, showing heterozygosity at
codon 158 for 1 TGC trinucleotide (cysteine) with Tm of 56.4 °C and 1 indeterminate trinucleotide coding sequence with a
melting temperature of 62.99 °C, which was outside the Cys158 acceptable range of 63.5-68.5 °C, indicating another amino
acid encoded by this residue. Melting curves for normal E2/E4 (A) and E2/E3 (B) controls are shown for reference. (c), Direct
sequencing of the patient’s plasmid cloned APOE alleles showing inframe deletion at codon 149 in the mutant allele; CGC
encoding arginine at codon 157 in the bottom tracing identifies E3A149Leu. The TGC trinucleotide encoding cysteine at codon
158 in the top tracing identifies normal E2.
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Table 1. Key biochemical, clinical and genetic features of index patient and previously reported
apo E3A149Leu carriers.

Case report 4) 4) (5)
Study participant Patient 1 Patient 2 Patient 3
Age, Sex 29, M 49, M 47, M
APOE

Allele 1 E3 E3 E2
Allele 2 E3A149Leu E3A149Leu E3A149Leu
Hypertension NA? NA +
Splenomegaly I I +
Splenectomy + + +
Sea-blue histiocytosis
Spleen + + +
Bone marrow NA = 4
Hypertriglyceridemia
Presplenectomy = = F
Postsplenectomy + + +
Hypercholesterolemia
Presplenectomy - - +
Postsplenectomy 4 4 +
Thrombocytopenia + + +
Aminotransferase Elevated Elevated Elevated
Cardiovascular CAD CAD -
disease
Other comorbidities = Angina Diabetes
mellitus
Treatment Gemfibrozil, Gemfibrozil, NA
low-fat diet low-fat diet
2 NA, not available; CAD, coronary artery disease; IHD, ischemic heart disease.
b Both medications were poorly tolerated and later discontinued.

(5) (5) Present report
Brother of patient 3 Mother of patient 3 Present patient
47, M F 49, M
E3 E3 E2
E3A149Leu E3A149Leu E3A149Leu
NA NA +
+ - +
- - +
NA NA +
NA NA =
+ “F NA
NA NA +
+ NA -
NA NA 4
+ — _
Elevated NA Normal
IHD NA Normal
Hypothyroidism, =
Parkinson
disease
Gemfibrozil, atorvastatin®  Atorvastatin Atorvastatin,
low-fat diet,
fish oil

The potential etiologies of splenomegaly vary
with the patient’s age. For example, splenic sequestra-
tion in sickle cell disease occurs early in life, whereas
noncirrhotic portal fibrosis occurs at older ages. Mech-
anisms of splenomegaly include: (a) infections, which
may be viral, such as Epstein-Barr virus and cyto-
megalovirus, bacterial, protozoal, and fungal, and in
endemic areas, malaria and schistosomiasis; (b) auto-
immune disorders such as juvenile rheumatoid arthri-
tis; (¢) hemolysis; (d) neoplasia, such as acute lympho-
blastic leukemia, non-Hodgkin lymphoma, Hodgkin
disease, and acute or chronic myeloblastic leukemia;
(e) metastatic involvement, such as neuroblastoma;
(f) histiocytosis; (g) obstructed splenic venous circu-
lation due to portal vein thrombosis, hepatic cirrhosis,
or congestive heart failure; (h) extrahepatic portal
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venous obstruction, such as cavernous transformation;
and (i) storage diseases, such as Gaucher or Niemann-
Pick disease.

The differential diagnosis of nontraumatic spleno-
megaly with hypertriglyceridemia includes: hereditary
absence of lipoprotein lipase or apoC-II, rare apoE3
mutations, deficiency of lysosomal acid lipase, or he-
mophagocytic lymphohistiocytosis (1-3). Work-up
of these particular rare conditions includes a complete
lipoprotein profile; advanced lipoprotein assays, such
as APOE genotyping; abdominal ultrasound imaging
to document liver and/or spleen enlargement; and
evaluation of serum hematologic and inflammatory
biomarkers. Molecular analysis of apolipoprotein E
(APOE), apolipoprotein C-II (APOC2), lipoprotein
lipase (LPL), or lipase A (lysosomal acid, cholesterol



esterase, LIPA) genes may be required, in addition to
histopathological evaluation of the spleen.

Two previous reports have identified the existence
of a very rare apoE3 isoform with a leucine deletion at
codon 149, designated E3A149Leu (4, 5). Clinical fea-
tures observed in patients with the E3A149Leu muta-
tion include hypertriglyceridemia, thrombocytopenia,
splenomegaly, and splenic foamy histiocyte infiltration
with sea-blue histiocytosis.

The case patient underwent DNA APOE geno-
typing performed with the LightCycler (Roche Diag-
nostics), and the results showed that the patient was
homozygous for trinucleotide TGC at codon 112
(Cys112), a finding that is consistent with apoE2 and
-E3 isoforms, whereas a finding of atypical amplifica-
tion at codon 158 was inconsistent with E2, E3, or E4
isoforms (Fig. 1b). APOE direct sequencing revealed a
trinucleotide TCC deletion on 1 allele spanning codons
149 and 150, predicting an inframe leucine deletion at
residue 149. To confirm the precise sequence and chro-
mosomal phase of the mutation, plasmid vector sub-
cloning of APOE exon 4 using primers F4 and F6 (5),
pcDNA3+ plasmid and E. coli DH5a™ (Invitrogen)
was performed to sequence each of the patient’s APOE
alleles individually. The deletion was found on the E3
allele (Fig. 1c), confirming the patient’s APOE geno-
type as apo E2/E3A149Leu.

Apo E mediates uptake of cholesterol-rich li-
poproteins by hepatocytes. It is a ligand for LDL recep-
tors (LDLRs) and is also a structural component of
chylomicron remnants and VLDLs, enabling their re-
moval from plasma (6). Apo E is normally incorpo-
rated into VLDL during hepatic synthesis. After secre-
tion into plasma, VLDL is converted to LDL and the
minor intermediate species, including VLDL remnants
and IDLs, are catabolized via uptake through the LDLR
mediated by apoE residues 136 through 150 (6, 7).
ApoE is also secreted into plasma by macrophages and
extrahepatic tissues, where it binds HDL, facilitating its
removal from plasma (6).

A common polymorphism in the APOE gene af-
fects coding sequences for amino acid residues 112 and
158, resulting in 3 protein isoforms and 6 codominant
genotypes. The E3 isoform is most common (approxi-
mately 75% of all apo E alleles), and contains a cysteine
at position 112 and arginine at position 158 (8). The
alleles encoding the E2 and E4 isoforms each differ
from the E3 allele by a single nucleotide. The E4 iso-
form (approximately 15% of all alleles) has arginine at
position 112 and is associated with approximately 5%
higher concentrations of LDL cholesterol. The E2 iso-
form (approximately 10% of all alleles) has cysteine at
position 158 and is associated with approximately 5%
lower concentrations of LDL cholesterol (8). In all
populations, E3/E3 homozygosity is the most common

genotype (8). E2/E2 homozygosity occurs in approxi-
mately 1% of the population and contributes to expres-
sion of type IIT hyperlipoproteinemia, characterized by
roughly equimolar elevations of plasma cholesterol
and triglycerides and by early cardiovascular disease
(9). Other rare mutations of APOE are also associated
with dyslipidemia (7).

Nguyen et al. (4) first identified the E3A149Leu
mutation in 2 unrelated probands. In both families, the
mutation was associated with a dominant syndrome
involving sea-blue histiocytosis and splenomegaly.
Faivre et al. (5 ) later found the same E3A149Leu mu-
tation in a proband presenting with clinical type III
hyperlipoproteinemia, and subsequently found the
mutation in several relatives. The current case shares
the dyslipidemia phenotype and need for splenectomy
reported for the other reported cases, but is also dis-
tinct from the other cases because of the absence of
persistent transaminase elevation, thrombocytopenia,
and ischemic heart disease. This case provides further
evidence that links the E3A149Leu allele to dyslipide-
mia with splenomegaly and infiltrates of foamy histio-
cytosis. This syndrome may be included in the differ-
ential diagnosis of patients with postsplenectomy
hypertriglyceridemia.

POINTS TO REMEMBER

* |n addition to heterozygous E3A149Leu, the differential
diagnosis of nontraumatic splenomegaly with hypertri-
glyceridemia includes: deficiency of lipoprotein lipase or
its cofactor apoC-Il, deficiency of lysosomal acid lipase,
or hemophagocytic lymphohistiocytosis (1-3).

e The concomitant presentation of hypertriglyceridemia
and splenomegaly results from a rare subset of the
conditions that lead to either clinical presentation indi-
vidually. Work-up of patients with this combination
includes: lipoprotein profile, apoE isoform analysis, or
APOE genotyping; complete blood count with differen-
tial and smear; and liver function tests, including serum
albumin, bilirubin, aspartate aminotransferase and ala-
nine aminotransferase, y glutamyltransferase, and al-
kaline phosphatase. Imaging studies include abdominal
ultrasound, computed tomographic scanning or MRI of
the left upper quadrant, or radioisotopic scanning
(spleen scan). Histological evaluation after splenectomy
typically reveals foamy histiocytosis and characteristic
sea-blue histiocytosis. Molecular analysis of APOE (to
detect del49Leu), APOC2, LPL, or LIPA genes to detect
loss-of-function mutations may be required.
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The E3/E3A149Leu mutation negatively affects
apoE function, and carriers develop signs and symp-
toms of a lipid storage disease. The preferential associ-
ation of the E3A149Leu mutation with splenic foam-
cell formation remains to be explained. The spleen is
a major triglyceride reservoir in E3A149Leu carriers,
because splenectomy is followed by severe hypertri-
glyceridemia. Macrophages can secrete apoE into plasma
and receive circulating apoE-containing lipoproteins
(6), perhaps explaining why the macrophage-rich
spleen behaves like a lipid sponge.

A comparison with earlier case reports suggests
that the dyslipidemia in E3A149Leu carriers shows re-
markable clinical heterogeneity (Table 1). We specu-
late that the clinical and pathological sequelae at-
tributable to the E3A149Leu mutation depend on a
combination of genetic and environmental factors.
From this case study and others, we may conclude
that apo E3A149Leu causes a lipid-storage disease
characterized by splenomegaly, splenic infiltration
with foamy and sea-blue histiocytes, and hypertri-
glyceridemia that may be unmasked following sple-
nectomy. The disorder seems responsive to diet, life-
style, and pharmacologic intervention.
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Commentary
Alan T. Remaley

Although apolipoprotein (apo)A-I and apoB are mea-
sured by many laboratories as an adjunct to HDL and
LDL concentrations, respectively, lipoproteins contain
numerous other proteins, some of which have a pro-
found effect on lipoprotein metabolism. ApoE, for ex-
ample, resides on both antiatherogenic HDL particles
and on proatherogenic apoB-containing lipoproteins,
thus confounding the usefulness of apoE as a cardio-
vascular risk marker in unfractionated samples. Never-
theless, apoE has many different roles in lipoprotein
metabolism, some of which may account for the mac-
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rophage lipid accumulation observed in this interest-
ing case. The best understood function of apoE is that it
can serve as a ligand for the cellular uptake of apoB-
containing proteins, as well as perhaps HDL, by various
receptors. In the absence of a normal form of apoE,
there is decreased hepatic clearance of lipoproteins,
which leads to their increased oxidation and uptake by
macrophage scavenger receptors. ApoE can also help
prevent lipid accumulation in cells, particularly in
macrophages, which synthesize apoE, by promoting
the efflux of excess intracellular cholesterol by the
ABCAL1 transporter and by other cholesterol efflux
mechanisms.

Recently, a new role for apoE has been described,
which may also be relevant to the macrophage lipid
accumulation observed in this case. The presence of
apoE on lipoproteins also facilitates the lysosomal pro-



cessing of endocytosed lipoproteins (1 ). In the absence
of apoE or possibly, as in this case, in the presence of an
abnormal form of apoE, the endocytosed lipoproteins
interfere with the delivery of the various hydrolytic en-
zymes to the lysosome, by perhaps altering the produc-
tion and/or trafficking of the mannose-6-phosphate
receptor, which normally shepherds these enzymes to
the lysosome. This interference results in a defect in the
intracellular lipolysis of lipoproteins and the accumu-
lation of cholesteryl esters in lysososomes. In addition,
cathepsin B, normally a lysosomal proteolytic enzyme,
is instead secreted into the extracellular space, where it
may contribute to the formation of unstable plaques.
Currently, the only apoE-based test routinely per-
formed in clinical laboratories is a genotype type test

Commentary
Robert Shamburek

Clinical laboratories typically focus on apolipoprotein
(apo)E typing of polymorphisms (E2, E3, E4) and less
on apoE concentrations, because increased apoFE is
found in hypertriglyceridemia but correlates less with
coronary heart disease. The role of apoE and the im-
portance of splenic macrophages in lipoprotein metab-
olism are highlighted by this case.

Type III hyperlipoproteinemia (HLP) is inherited
either in a recessive or dominant mode. Recessively in-
herited type III HLP requires homozygosity of apoE2,
but E2/2 alleles alone are not enough for development
of the lipid and clinical phenotype, because <10% of
apoE2/2 homozygotes produce the phenotype. A “sec-
ond hit” consisting of genetic, hormonal, and environ-
mental factors including obesity, estrogen status, or di-
abetes are required to develop the phenotype. In
contrast, apoE3A 149Leu is a rare dominantly inher-
ited form of type III HLP that is attributable to a single
defective apoE allele. This phenotype lacks the “classi-
cal” tuberous and palmar xanthoma seen in recessive
type III HLP, and the lipid profile in apoE3A 149Leu
depends more on an intact spleen than a second hit.
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for apoE isoforms, for assessing the risk of Alzheimer
disease. Given the multifaceted role of apoE in lipopro-
tein metabolism, the measurement of apoE on specific
lipoprotein fractions may be a fruitful area for future
research on cardiovascular risk markers.
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The spleen plays an important and protective role
in clearing the plasma of triglyceride-remnant lipopro-
teins. Development of hepatosteatosis and splenomeg-
aly appears to occur as a result of hypercatabolism of
mutant apoE-containing triglyceride-remnant li-
poproteins by splenic macrophages. Enhanced macro-
phage uptake contributes to the relatively normal
plasma lipid concentrations with an intact spleen.

Splenectomy unmasks the remnant lipoprotein
defect and leads to the development of hypertriglycer-
idemia. Then, diet and secondary factors modulate the
overproduction of lipoproteins (3-VLDL) concomi-
tantly with the defective removal.

The spleen plays an important role in the ab-
normal clearance that occurs in other lipid disorders
such as Tangier disease. The clinical picture can
worsen after splenectomy. Atherosclerosis is acceler-
ated after splenectomy owing to the decreased clear-
ance of remnant lipoproteins, but may take 5-10 years
to be clinically apparent. Splenic macrophages may be
protective against the development of coronary heart
disease.
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