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The eye cannot see what 
the mind does not know.

--Anonymous
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Case Study

• 40-year-old male with history of overweight, BMI 26 and mild dyslipidemia. 
Treated with atorvastatin 20 mg daily, and aggressive diet and lifestyle 
interventions. 

• Total chol 210 mg/dL, HDLc 38 mg/dL, TG 200 mg/dL, LDLc 132 mg/dL

• Mild fatty liver on abdominal sono, ALT 47, AST 52 

• Lost to follow-up for 7 years. Returns at age 47. Off statin (told to stop due to 
increasing liver function tests). 

• Total chol 250 mg/dL, HDLc 25 mg/dL, TG 180 mg/dL, LDLc 189 mg/dL

• Repeat AST 110, ALT 100, GGT 280, Bilirubin normal 

• BMI 27, repeat sono shows progressive fatty liver with hepato-splenomegaly

• Liver biopsy, mixed macro and microvesicular pattern with some steatohepatitis
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Common Causes of Hypertriglyceridemia

Bays et al. J Clin Lipid. 2013;7:304-383.
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Drugs Associated with Hypertriglyceridemia

Bays et al. J Clin Lipid. 2013;7:304-383.
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Lysosomal Acid Lipase Deficiency (LAL-D)

• Historical terms to describe the disease

• “Wolman disease”

• 1956 by Dr. Moshe Wolman

• Described an infant who died at the age of 3 months: poor weight gain, 
GI symptoms, hepatosplenomegaly, and adrenal calcifications

• “Cholesteryl Ester Storage Disease or CESD”

• 1963 by Dr. Donald S. Fredrickson

• Described 12-year-old with hypercholesterolemia + hepatomegaly 

• Underlying cause is the same1-4

• Autosomal recessive disease affecting lipid metabolism 

• Results in lysosomal accumulation of lipids (cholesteryl esters and triglycerides) and multi-
organ system damage (liver, GI tract, and blood vessel walls)

1. Patrick AD, Lake BD. Nature. 1969:222:1067-8.
2. Burke JA, Schubert WK. Science. 1972:176:309-10.
3. Cortner JA, et al. Pediatr Res. 1976;10:927-32.
4. Goldstein JL, et al. J Biol Chem. 1975 ;250:8487-95.
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ALT: alanine aminotransferase; AST: aspartate aminotransferase; HDL-c: high-density lipoprotein cholesterol
1. Reiner Ž, et al. Atherosclerosis. 2014;235:21-30.
2. Bernstein DL, et al. J Hepatol. 2013;58(6):1230-1243.
3. Grabowski GA, et al. In: Valle D, et al (eds). OMMBID: The Online Metabolic and Molecular Bases of Inherited Disease. New York: McGraw-Hill. Ch. 142; updated March 2012.

LAL-D Presentation in Children and Adults

• Common presenting abnormalities1-3

• Unexplained persistent elevated ALT/AST

• High/very high LDL-c and low HDL-c

• Diagnosis requires high index of clinical suspicion1

• Many patients diagnosed in childhood

• Others present with symptoms but are not diagnosed until adulthood

• High potential for mis- or delayed diagnosis; many patients remain 
undiagnosed3
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Biology of Lysosomal Acid Lipase

LDL particle
lysosome

nucleus

Free cholesterol 
and free fatty 
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Reiner Z, et al.. Atherosclerosis. 2014;235:211-30.  

Pathophysiology of LAL-D
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Low HDL-C in LAL Deficiency Is Mechanistically 
Linked to ABCA1

• Recent  data indicates that cholesterol flux out of 
lysosomes is a key regulator of ABCA1 expression 
(Bowden KL et al, 2011)

• Fibroblasts from LAL deficient patients

• Decreased basal and LDL stimulated ABCA1 and 
ABCG1 expression

• Decreased apoA-I mediated efflux of 
phosphatidylcholine, sphingomyelin and 
unesterified cholesterol (UC)

• LXR agonists correct ABCA1 expression but 
not efflux

• Decreased generation endogenous oxysterols 
including 27 hydrocholesterol

Bowden KL et al. J Biol Chem. 2011;286:30624-35.

Normal CESD

Increase in ABCA1 mRNA with LDL loading

Decreased cholesterol efflux in  CESD fibroblasts

Normal 

CESD



Cardiometabolic Health Congress  March 4-5  San Francisco, CA

LAL Deficiency: Genetic Epidemiology 

Author Journal Carriers of E8SJM/

Sample Size

Estimated Prevalence*

Muntoni et al Arterioscler Thromb Vasc
Biol; 2007;27:1866-8.

10/2023
(German population)

1:43,000 to  1:78,000

Grabowski et al Scriver’s OMMBID; 2012 9/7011
(European Americans)

1:159,000 to 1:294,000

Scott et al Hepatology; 
2013;58:958-65.

14/4569
(Caucasian + Hispanic)

1:111,000 to 1:204,000

Stitziel et al Arterioscler Thromb Vasc
Biol; 2013;33:2909-14.

88/27,472
(European ancestry)

1:102,000 to 1:189,000

*Range based upon assumption of the “common” E8SJM representing 51 to 69% of all disease causing mutations
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Elevated LDL-C Is Common in Patients with 
Documented LAL Deficiency
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Tripuraneni R et al. J Clin Lipidology. 2013; 7:251. Poster presented NLA 2013.
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Combined Hyperlipidemia Is a Common Feature of 
LAL Deficiency
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Highest Recorded Triglyceride (mg/dL) 
Tripuraneni R et al. J Clin Lipidology. 2013; 7:251. Poster presented NLA 2013.
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Lowest Recorded HDL-Cholesterol (mg/dL) 
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Low HDL-C Is a Characteristic Feature of LAL 
Deficiency

Tripuraneni R et al. J Clin Lipidology. 2013; 7:251. Poster presented NLA 2013.
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Rader DJ. N Engl J Med 2015;373:1071-1073.

Effects of Lysosomal Acid Lipase Deficiency on Hepatic and 
Plasma Lipid Metabolism and Effects of Sebelipase Alfa Infusion
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Severe Hypertriglyceridemia 
and Chylomicronemia
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Case Study: Severe Hypertriglyceridemia with 
Multifactorial Etiology

Abbreviations: SLE, systemic lupus erythematous; Tx, treatment; OM3FA, omega-3 
fatty acids; TG, triglycerides; LMF-1, Lipase Maturation Factor-1. 
Reference: Singh A et al. J Clin Lipidol. 2013;7:249-50.

Case Summary 
• Patient with recurrent pancreatitis despite treatment
• Genotyping revealed a novel heterozygous missense mutation of LMF-1
• Indicated primary cause of symptoms as severe hypertriglyceridemia 
• Current status after treatment with multiple TG-lowering therapies: 
oStabilized TG levels (<150mg/dL) for the last six months 
oStable SLE
oPatient is doing well 

2500

2000

1500

1000

500Se
ru

m
 T

ri
gl

yc
er

id
es

 (
m

g
/d

L)

2007-2010
• Stable SLE disease with 

mycophenolate mofetil
• One mild SLE flare in May 

2010

August 2012-present
• TG remain controlled with same medications 

(fenofibrate, rosuvastatin, OM3FA, orlistat)
• No further pancreatitis episodes to date

December 2010: Pancreatitis
• 3rd episode
• No improvement with steroids (initially for SLE 

related pancreatitis) 
• Tx: fenofibrate + high-dose OM3FA, low-fat diet

April-December 2011
• Periodic TG elevation 

(asymptomatic) 
• Likely related to 

noncompliance
October 2010: 

Pancreatitis
• 1st two episodes 
• Tx: gemfibrozil + 

re-initiation of SLE 
medications

January 2011: Pancreatitis
• 4th episode
• Tx: fenofibrate, OM3FA, 

low-fat diet, and 
rosuvastatin + orlistat

July 2012: Lupus Flare
• Admitted for SLE (     Cr)
• Tx: pulse dose steroids, IV 

cyclophosphamide and diuretics 
with some improvement

• TG medications initially held but 
then restarted

First diagnosed with SLE at age 12
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Brahm & Hegele. Nat. Rev. Endocrinol. advance online publication 3 March 2015; doi:10.1038/nrendo.2015.26

Triglyceride-rich Lipoprotein Metabolism
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Etiology of Severe Hypertriglyceridemia
(Important to make a diagnosis) 

• Primary Causes (monogenetic)

• Secondary Causes 

• Primary (Less severe phenotype) + Secondary Insult 
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Primary Chylomicronemia: Monogenic and Polygenic Forms

Brahm & Hegele. Nat. Rev. Endocrinol. advance online publication 3 March 2015; doi:10.1038/nrendo.2015.26
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Brahm & Hegele. Nat. Rev. Endocrinol. advance online publication 3 March 2015; doi:10.1038/nrendo.2015.26

Genetic Causes of Primary Monogenic 
Chylomicronemia
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Brahm & Hegele. Nat. Rev. Endocrinol. advance online publication 3 March 2015; doi:10.1038/nrendo.2015.26

Emerging Therapies for Chylomicronemia
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The Role of Lipase Maturation Factor-1 (LMF-1)

Abbreviations: NH2, amino terminal; cld, combined lipase deficiency; COOH, carboxy terminal; ER, endoplasmic reticulum; LPL; lipoprotein lipase; HL, hepatic lipase.
Reference: Singh A et al. J Clin Lipidol. 2013;7:249-50.

In this case study, our patient had a novel 
heterozygous missense mutation (D491N) not yet described in the literature

• LMF-1 is a protein that spans the ER membrane

• Involved in post-translational folding, maturation, and therefore active expression of enzymatic lipases (LPL and HL)

• A conserved C-terminal domain (DUF1222) makes up about ~70% of the gene sequence

• Previously identified human LMF-1 mutations were homozygous nonsense mutations 

• Involved truncation of the C-terminal domain

• A greater level of truncation was associated with increased severity of pancreatitis

ER membrane

Loop B Loop D

Loop C

Loop A

NH2

N-terminal

domain

cld truncation site

Lipase binding domain

Lipase maturation domain

Cytoplasm

ER lumenC-terminal domain

COOH
Y439X

W464X

LMF-1 in Lipase Assembly and Folding 
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Conclusions

• Our patient’s complex medical history and course point towards the complexity and 
multifactorial causes which lead to hypertriglyceridemia.

• Description of LMF-1 mutations in animal and human phenotypes has allowed for a 
more nuanced understanding of the shared pathway which promotes biochemical 
maturation of LPL, HL, and EL.

• Though the most commonly encountered mutations in primary 
hypertriglyceridemia remain related to LPL and ApoC-II, LMF-1 mutations are an 
important addition to the list of possible causes.

• Though we do not have post-heparin lipase activity levels from her presentation, we 
hypothesize that this novel mutation played an important role in her disease course.

Clinical Significance
Although rare, LMF-1 deficiency should be considered in patients with possible 
primary hypertriglyceridemia

Abbreviations: LMF-1, Lipase Maturation Factor-1, LPL; lipoprotein lipase; HL, hepatic lipase; EL, endothelial lipase; ApoC-II, apolipoprotein C2
Reference: Singh A et al. J Clin Lipidol. 2013;7:249-50.
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Treatment of Hypertriglyceridemia Results in Fewer 
Hospital Admissions 
• Treatment of familial hypertriglyceridemia may not decrease plasma triglyceride levels

• Additional treatment of the secondary causes of hypertriglyceridemia may be needed to 
further reduce plasma triglyceride levels

Comparison of plasma TG levels in patients with pancreatitis 
(index patients) before and after treatment of 

secondary causes of hypertriglyceridemia

Before Treatment: 
• 105 admissions per 100 patient years
After Treatment: 
• 1.8 admissions per 100 patient years

Treatment of secondary causes of high TG levels 
reduces hospitalization rates due to pancreatitis

Abbreviations: TG, triglycerides
Reference: Brunzell JD and Schrott HG. J Clin Lipidology. 2012;6:409-412. 
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Proposed Relationship Between 
Hypertriglyceridemia and Pancreatitis

• Marked hypertriglyceridemia is possibly the result of an interaction 
between familial lipid disorders and secondary causes of 
hypertriglyceridemia

Marked Hypertriglyceridemia

In the presence of 
chylomicronemia

Secondary Causes
• Untreated fasting 

hyperglycemia
• Lipoprotein lipase 

deficiency
• Estrogen therapy
• Nephrotic syndrome
• Alcohol intake

Familial Causes
Inherited lipid disorder 
that results in elevated 
triglycerides

Abdominal Pain
(Pancreatitis)

Brunzell JD and Schrott HG. J Clin Lipidology. 2012;6:409-412. 
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Emerging Therapies for Hypertriglyceridemia 

•Omega 3 Ethyl Ester

•DGAT 1 inhibitors

•ApoCIII Inhibitors

•Lomitapide 

•Linkage Technology 
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DGAT 1 Inhibition

http://www.vikingtherapeutics.com/pipeline/dgat-1/
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Peptide Linker Technology CAT-2003
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CAT-2003: Inactive Until Entering the Target Cell
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CAT-2003 Activates Lipoprotein Lipase (LPL) to
Accelerate Triglyceride Clearance

Angptl3/4, angiopoeitin-like protein 3/4

CAT-2003 inhibits the production of the negative regulators of 
LPL through activated SREBP and reductions in PCSK9
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CAT-2003 Clinical Status
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ISIS-APOCIIIRx Anti-Sense Therapy
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N Engl J Med 2014;371:2200-6.
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Gaudet et al. N Engl J Med 2014;371:2200-6.

Change in APOC3 and TG Levels in 3 Patients 
with Chylomicronemia
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Gaudet et al. N Engl J Med 2014;371:2200-6.

Plasma Triglyceride Metabolism and the 
Role of APOC3
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N Engl  J Med 2015;373:438-47.
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Gaudet et al. N Engl J Med 2015;373:438-47.
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Gaudet et al. N Engl J Med 2015;373:438-47.
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Gaudet et al. N Engl J Med 2015;373:438-47.
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Lipodystrophy, Congenital, Acquired, General, 
and Partial 

• Lipodystrophy is a rare, heterogeneous group of syndromes characterized 
by the complete or partial loss or absence of subcutaneous adipose tissue

• Often seen with metabolic derangements, including insulin resistance, 
diabetes mellitus, hepatic steatosis or steatohepatitis, and dyslipidemia

• Can lead to acute pancreatitis (due to severe hypertriglyceridemia), 
hepatic cirrhosis, and premature cardiovascular disease

• Additional manifestations include polycystic ovarian syndrome (PCOS), 
acanthosis nigricans (due to severe insulin resistance), and eruptive 
xanthomas, NAFLD, and progressive liver disease 

Handelsman et al. Endocr Pract. 2013 Jan-Feb; 19(1): 107–116.
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Endocrine Abnormalities 

• The key characteristic of lipodystrophy is the selective absence of 
adipose tissue (primarily subcutaneous), the levels of adipocyte 
hormones can be altered

• Reduced leptin levels

• Reduced adiponectin levels 
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Prieur et al. Curr Atheroscler Rep. 2014;16:437

Congenital Lipodystrophy: General and Partial 
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Garg. J Clin Endocrinol Metab, November 2011, 96(11):3313–3325.

Classification, Clinical Features, and Pathogenetic
Basis of Acquired Lipodystrophies
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Prieur et al. Curr Atheroscler Rep. 2014;16:437

Metabolic Impact of Lipodystrophy 
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Lipodystrophy Treatment Issues & Options 

• Reduce Triglycerides and Cardiovascular Risk 

• Insulin Resistance/Diabetes

• Fatty Liver and Progression to Liver Disease 

• Treatment 
• TLC: Restriction of total fat intake to between 20 and 30% of total dietary energy

• N-3 Fatty Acids

• Fibrates

• Statins

• Insulin Sensitizers: metformin and thiazolidinediones

• Recombinant Leptin Replacement Therapy (Generalized Lipodystrophy): metreleptin

Curr Atheroscler Rep (2014) 16:437
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Rodriguez  et al. Ther Clin Risk Manag. 2015;11:1391-400.

Clinical Action of Metreleptin Treatment in 
Adipose-deficient Lipodystrophic Patients
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Endocr Pract. 2011;17:922-932.

Evaluate the long-term clinical effect of treatment with metreleptin (an analogue of 
human leptin) on glycemic and lipid abnormalities and markers of hepatic steatosis in 
patients with inherited or acquired lipodystrophy: 

• Fifty-five patients (36 with generalized lipodystrophy and 19 with partial 
lipodystrophy) 

• Metreleptin treatment substantially reduced glycemic variables, triglycerides, and 
liver enzymes (ALT and AST) and demonstrated durability of response throughout a 
3-year treatment period. 
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Metreleptin

• Approved for treatment of complications related to leptin deficiency 
in patients with general or acquired generalized lipodystrophy  

• No established data for partial lipodystrophy, HIV-associated 
lipodystrophy, liver disease 

• Not to be used for diabetes, hypertriglyceridemia without generalized 
lipodystrophy

• Safety issues: possibility of anti-drug and anti-neutralizing antibodies 
and risk of lymphoma 
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Summary

• The presentation of elevated triglycerides with or without 
pancreatitis, fatty liver, and other cardiometabolic risk factors is a 
common presentation in clinical practice. 

• Patients can have underlying inherited disorders not with atypical 
clinical phenotypes.

• Secondary causes can often exacerbate less severe genetic 
abnormalities, whether monogenic or polygenic. 

• Several less common disorders with common presentation can now 
be treated with new therapeutic interventions. Awareness leads to 
diagnosis and better management. 



Cardiometabolic Health Congress  March 4-5  San Francisco, CA


