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BACKGROUND: Low high-density lipoprotein cholesterol (HDL-C) is a risk factor for coronary
artery disease. Investigating mechanisms underlying acquired severe HDL deficiency in noncritically
ill patients (‘‘disappearing HDL syndrome’’) could provide new insights into HDL metabolism.

OBJECTIVE: To determine the cause of low HDL-C in patients with severe acquired HDL
deficiency.

METHODS AND RESULTS: Patients with intravascular large B-cell lymphoma (n 5 2), diffuse large
B-cell lymphoma (n 5 1), and autoimmune lymphoproliferative syndrome (n 5 1) presenting with
markedly decreased HDL-C, low low-density lipoprotein cholesterol (LDL-C), and elevated triglycer-
ides were identified. The abnormal lipoprotein profile returned to normal after therapy in all 4 patients.
All patients were found to have markedly elevated serum interleukin-10 (IL-10) levels that also
normalized after therapy. In a cohort of autoimmune lymphoproliferative syndrome patients
(n 5 93), IL-10 showed a strong inverse correlation with HDL-C (R2 5 0.3720, P , .0001). A direct
causal role for increased serum IL-10 in inducing the observed changes in lipoproteins was established
in a randomized, placebo-controlled clinical trial of recombinant human IL-10 in psoriatic arthritis
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patients (n 5 18). Within a week of initiating subcutaneous recombinant human IL-10 injections,
HDL-C precipitously decreased to near-undetectable levels. LDL-C also decreased by more than
50% (P , .0001) and triglycerides increased by approximately 2-fold (P , .005). All values returned
to baseline after discontinuing IL-10 therapy.

CONCLUSION: Increased IL-10 causes severe HDL-C deficiency, low LDL-C, and elevated triglyc-
erides. IL-10 is thus a potent modulator of lipoprotein levels, a potential new biomarker for B-cell dis-
orders, and a novel cause of disappearing HDL syndrome.
Published by Elsevier Inc. on behalf of National Lipid Association.

High-density lipoprotein cholesterol (HDL-C) less than
40 mg/dL (1 mmol/L) is a risk factor for coronary artery
disease.1 Causes of low HDL-C include rare genetic disor-
ders due to mutations in the ATP-binding cassette trans-
porter A1 (ABCA1), apolipoprotein A-I (apoA-I), and
lecithin:cholesterol acyltransferase (LCAT).2 These disor-
ders usually present with HDL-C levels below 20 mg/dL.
Acquired or secondary causes of low HDL-C account for
about half of all patients and can be divided into mild-to-
moderate HDL deficiency (HDL-C 20-30 mg/dL) and
severe HDL deficiency (HDL-C , 20 mg/dL). Mild-to-
moderate HDL deficiency is commonly associated with
obesity, hypertriglyceridemia, insulin resistance, and seden-
tary lifestyle, either alone or in combination with metabolic
syndrome.3 It is also associated with a wide variety of dis-
eases, such as HIV, renal disease, and acute inflammation as
well as the use of several medications.3 Reduced HDL-C
levels are also seen in patients with chronic inflammatory
diseases, such as rheumatoid arthritis4,5 and systemic lupus
erythematosus.6 The mechanism for lipid abnormalities in
these autoimmune and inflammatory disorders is not
completely understood, but several cytokines have been
implicated to play either a pro- or antiatherogenic role.7

Acquired severe HDL deficiency is relatively uncom-
mon. It may occur after the use of high doses of anabolic
steroids or in severe hepatic diseases, such as cholestasis
and acute hepatitis, which can lead to low LCAT activity
and decreased apoA-I production.2,3 ‘‘Disappearing HDL
syndrome,’’ a term first used by Goldberg and Mendez,3 re-
fers to cases of severe HDL deficiency in noncritically ill
patients, sometimes long before the clinical or biochemical
features of the underlying primary disease become evident.
Disappearing HDL syndrome can also result from an idio-
syncratic reaction to medications, such as peroxisome
proliferation-activated receptor agonists.3 Additionally,
autoantibodies against LCAT in non-Hodgkin lymphoma
have also been described as a possible cause.8

In this report, we describe several case reports on three
related B-cell disorders, namely intravascular large B-cell
lymphoma (IVLBCL), diffuse large B-cell lymphoma
(DLBCL), and autoimmune lymphoproliferative syndrome
(ALPS), all of which are described to be associated with
disappearing HDL syndrome. Interleukin-10 (IL-10) serum
concentrations were markedly elevated in all 3 disorders at
presentation and were inversely related to HDL-C levels, as

well as low-density lipoprotein cholesterol (LDL-C),
during the course of treatment. Furthermore, we demon-
strate from the analysis of samples from a previous clinical
trial9 that recombinant human IL-10 (rhIL-10) administra-
tion leads to profound changes in lipoprotein levels in hu-
mans, particularly very low levels of HDL as well as low
LDL, thus mimicking the dyslipidemic lipoprotein pattern
observed in our patients with B-cell disorders. These data
thus identify IL-10 as an important modulator of lipopro-
tein metabolism and provide evidence for a direct role of
IL-10 in disappearing HDL syndrome.

Materials and methods

Subject description

All patients in this study were seen at the National
Institutes of Health (NIH) and gave written informed
consent under institutional review board–approved pro-
tocols. Subjects treated with IL-10 therapy in the clinical
trial were described in a previous report.9

Clinical laboratory analysis

Routine laboratory tests were performed by the Depart-
ment of Laboratory Medicine in the NIH Clinical Center.
Serum total cholesterol (TC), direct HDL-C, and triglycer-
ides (TG) were measured enzymatically on a Siemens Vista
Analyzer. Serum LDL-C was calculated using the Friede-
wald equation. Serum ApoA-I and ApoB were measured
nephelometrically on a Siemens Vista Analyzer. Percent of
cholesteryl esters (CE) in plasma was determined by
enzymatically measuring total cholesterol as well as free
cholesterol in the absence of cholesteryl esterase.

IL-10 measurements

The Human IL-10 ELISA Ready-Set-GO! kit (eBio-
science, San Diego, CA) was used according to manufac-
turer’s instructions. 100 mL of samples diluted 1:4 in 1X
Assay Diluent were used per well for all samples except
ALPS. ALPS IL-10 plasma levels were determined using
Quantikine ELISA kits (R&D Systems, Inc., Minneapolis,
MN).
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