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Abstract
Lipolysis of stored triacylglycerols provides lipid precursors for the assembly of apolipoprotein B
(apoB) lipoproteins in hepatocytes. Abhydrolase domain containing 5 (ABHD5) is expressed in liver
and facilitates the lipolysis of triacylglycerols. To study the function of ABHD5 in lipoprotein
secretion, we silenced the expression of ABHD5 in McA RH7777 cells using RNA interference and
studied the metabolism of lipids and secretion of apoB lipoproteins. McA RH7777 cells deficient in
ABHD5 secreted reduced amounts of apoB, triacylglycerols, and cholesterol esters. Detailed analysis
of liquid chromatography-mass spectrometry data for the molecular species of secreted
triacylglycerols revealed that deficiency of ABHD5 significantly reduced secretion of
triacylglycerols containing oleate, even when oleate was supplied in the culture medium; the
ABHD5-deficient cells partially compensated by secreting higher levels of triacylglycerols
containing saturated fatty acids. In experiments tracking the metabolism of [14C]oleate, silencing of
ABHD5 reduced lipolysis of cellular triacylglycerols and incorporation of intermediates derived from
stored lipids into secreted triacylglycerols and cholesterol esters. In contrast, the incorporation of
exogenous oleate into secreted triacylglycerols and cholesterol esters was unaffected by deficiency
of ABHD5. These findings suggest that ABHD5 facilitates the use of lipid intermediates derived
from lipolysis of stored triacylglycerols for the assembly of lipoproteins.
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1. Introduction
Hepatic secretion of apolipoprotein B (apoB)-containing lipoproteins is regulated primarily by
the availability of lipids for the assembly of lipoprotein particles [1;2]. The association of apoB
with lipids initiates lipoprotein formation [3]; when the availability of lipids is limited, apoB
is targeted for degradation, and the secretion of apoB lipoproteins decreases [1;4]. In
hepatocytes, stored triacylglycerols (TAG) provide lipid precursors for the assembly of apoB-
lipoproteins [5;6]. These TAG are not incorporated en bloc, but instead, undergo a cycle of
lipolysis and re-esterification before being packaged into lipoproteins [7-9]. Therefore, in
hepatocytes, the lipolysis of stored TAG is an important step in the formation of lipoproteins,
although the enzymes that catalyze this lipolysis and the steps between lipolysis and lipoprotein
assembly are poorly characterized.

Abhydrolase domain containing 5 (ABHD5), also called CGI-58 for comparative genome
identification 58, is a protein that facilitates lipolysis of TAG. Mutations in the gene that
encodes ABHD5 cause Chanarin-Dorfman Syndrome (CDS), which is characterized by
accumulation of TAG in various tissues [10]. Hepatosteatosis is a commonly observed trait in
individuals with CDS [10-12], suggesting that ABHD5 is necessary for the maintenance of
triacylglycerol homeostasis in hepatocytes. Furthermore, the expression of ABHD5 in liver of
both humans and mice [13;14] suggests that ABHD5 may play a role in the metabolism of
stored TAG for lipoprotein assembly. In assays conducted in vitro, addition of exogenous
ABHD5 increased triacylglycerol hydrolase activity of cytosolic fractions from liver [14].
ABHD5 lacks triacylglycerol hydrolase activity [14], yet increases the activity of adipose
triglyceride lipase (ATGL) in vitro [14;15]. It has been proposed that ABHD5 acts as a co-
activator of ATGL, although the mechanism is poorly understood [14;15]. Since ATGL is
expressed in liver [16], it may hydrolyze stored TAG to mobilize lipid substrates for lipoprotein
assembly; ABHD5 may contribute to this process. A recent report shows that ABHD5 displays
lysophosphatidic acid acyltransferase activity [17] (also Montero-Moran, G. and Brasaemle,
D. L., unpublished data). Thus, ABHD5 is an enzyme that may be involved in biosynthetic
pathways for TAG, phospholipids, or both. It is currently unclear whether the role of ABHD5
in assisting ATGL-mediated hydrolysis of TAG is related to utilization of fatty acids released
from TAG hydrolysis in the synthesis of phosphatidic acid, or via a separate mechanism
potentiated through a protein-protein interaction of ABHD5 with ATGL [18]

Since the lipolysis of stored TAG is necessary for the assembly of lipoproteins [5;6] and
ABHD5 facilitates TAG hydrolysis [14;19], we hypothesized that ABHD5 plays a role in the
formation of lipoproteins. We established a loss-of-function model using RNA interference
(RNAi) to reduce ABHD5 expression in McA RH7777 rat hepatoma cells. Lipolysis of
intracellular TAG and secretion of TAG, cholesterol esters (CE), and apoB were studied. Liquid
chromatography-mass spectrometry (LC-MS) methods were developed to quantify the small
amounts of lipids secreted by McA RH7777 cells. We provide evidence that ABHD5 is
important for the assembly and subsequent secretion of lipoproteins in hepatocytes.

2. Materials and Methods
2.1. Design of small hairpin-RNA and production of adenoviral vectors

RNAi sequences targeting ABHD5 were selected using algorithms from Ambion, Genscript,
and Dharmacon; sequence specificity was evaluated by a homology search against the mouse
and rat genomic database using BLAST. The sequence GAAGTAGTAGACCTAGGTT,
corresponding to nucleotides 347 to 365 of the ABHD5 coding sequence, was selected. The
scrambled sequence TTACATGTTAAGAGAGGCG was selected for use as a control
sequence. Adenoviral vectors directing the expression of small hairpin RNA (shRNA) and a
green fluorescent protein reporter were generated using pAdtrack-H1.1 (GenScript) and
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AdEasy XL Adenoviral Vector System (Stratagene). The adenoviral vectors were purified by
polyethylene glycol precipitation and cesium chloride banding [20]. The titers of the adenoviral
preparations were determined by plaque assay.

2.2. Transduction of McA RH7777 cells with adenoviral vectors
McA RH7777 rat hepatoma cells (American Type Culture Collection) were cultured in
Dulbecco’s modified Eagle’s medium supplemented with 20% horse serum and 5% fetal
bovine serum (culture medium) using collagen-coated vessels. Transductions were performed
by incubating the cells in culture medium containing the adenoviral vectors for 24 h followed
by re-plating to avoid cell overgrowth. The cell incubations were conducted 48 h after
transduction, when protein levels of ABHD5 were optimally reduced (Supplemental Fig. 1)
and the cells were ~90% confluent.

The efficiency of adenoviral transduction was assessed by determination of the percentage of
cells expressing green fluorescent protein by cell counting using a Nikon Diaphot-TMD
Inverted Microscope with TMD-EF epi-fluorescence equipment. Cell viability was determined
by trypan blue exclusion [21] and cell membrane integrity was assessed using a lactate
dehydrogenase-based in vitro toxicology assay (Sigma, TOX-7). A multiplicity of infection of
25 plaque forming units per cell was selected for subsequent adenoviral transductions based
on an efficiency of transduction of greater than 90% of the cells with no detectable toxicity.

2.3. Cell incubations
Radiolabeled [14C]oleic acid (OA) (Amersham) was used to track the synthesis, storage,
metabolism, and secretion of lipids; these experiments had three incubation periods designated
pulse, washout, and chase. The experimental design was similar to a protocol described by
Gilham et al. [22]. During the pulse period, cells were incubated for 4 h in culture medium
containing 0.4 mM [14C]OA complexed to fatty acid-free bovine serum albumin (BSA)
(Sigma, A6003) at a 4:1 molar ratio. Subsequently, during the washout period, the cells were
incubated in culture medium containing 5 g fatty acid-free BSA per liter of medium for 2 h.
This incubation provides time for the secretion of lipoproteins assembled during the pulse
period, prior to the beginning of the chase period [22-24]. Finally, during the chase period, the
cells were incubated in culture medium containing 5 g fatty acid-free BSA per liter of medium
for 4 h. Separate samples of cells and media were collected after the pulse, pulse and washout,
or pulse, washout, and chase periods. The experiments conducted to analyze apoB secretion
followed a similar protocol, but media used for the pulse period contained unlabeled OA. The
incubation with OA (designated “+OA”) was analogous to the pulse period. Similarly, the
incubation designated “-OA” was equivalent to the chase period. Experiments conducted to
analyze the secretion of lipids using LC-MS followed a protocol identical to that used for the
analysis of apoB secretion, except that the media lacked serum.

2.4. Analysis of proteins by immunoblotting
Cells were suspended in 20 mM Tris-HCl, pH 8, 1 mM EDTA, 10 mM NaF, 100 μM 4-(2-
aminoethyl) benzenesulfonyl fluoride hydrochloride, 10 mg/l leupeptin, 500 μM benzamidine,
and lysed by probe sonication. Protein concentrations of lysates were determined using
Coomassie Plus Reagent (Pierce). Proteins from cell homogenates were solubilized in gel
loading buffer, resolved by SDS-PAGE, and transferred to nitrocellulose membranes. ABHD5
was detected using polyclonal antisera raised in rabbits against recombinant mouse ABHD5
[13] (1:2,500), horseradish peroxidase-conjugated anti-rabbit antibodies (Sigma A0545)
(1:100,000), and SuperSignal chemiluminescence reagent (Pierce). The antisera raised against
mouse ABHD5 detects rat ABHD5, which has 99% identity with the mouse protein. The
antiserum binds non-specifically to a ~116 kDa protein in McA RH7777 cell lysates; the 116
kDa protein was used as a loading control. Actin was detected using a monoclonal antibody
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raised in mice against β-actin (Sigma A5316) (1:5000) followed by horseradish peroxidase-
conjugated anti-mouse antibodies (Sigma A4416) (1:5,000), and enhanced chemiluminescence
reagents.

2.5. Measurement of mass of cellular TAG
Lipids were extracted from cell homogenates [25] and the mass of TAG was determined using
Infinity Triglyceride Liquid Stable Reagent (ThermoElectron) [26;27].

2.6. Analysis of secreted apoB
ApoB content of culture media from cell incubations was determined by competitive RIA
employing a mouse monoclonal antibody raised against rat apoB which is equally reactive with
B100 and B48 (N-terminal epitope) [28]. Because there is one molecule of apo B per
lipoprotein, this assay quantifies lipoprotein particle secretion on a molar basis. ApoB standards
were prepared using rat VLDL diluted in culture medium. Rates of apoB secretion were
calculated as ng apoB secreted into the medium per hour per mg cell protein.

2.7. Analysis of secreted lipids by LC-MS
Lipids in the media from cell incubations were extracted [29] after addition of trinonanoin (Nu-
Chek Prep) as an internal standard. Lipids were analyzed on a system consisting of an UltiMate
3000 HPLC (Dionex) coupled to a 4000 QTRAP® mass spectrometer (Applied Biosystems).
Lipids were separated using a Spherisorb® S5W 4.6 × 100 mm silica column (Waters) and the
tertiary normal phase solvent gradient described by Homan and Anderson [30], with HPLC-
grade solvents (Fisher Scientific). Ionization was carried out with the PhotoSpray™ ion source
operated in positive ion mode with toluene as the dopant. CE and TAG were measured during
period 1 (0 to 5.75 min) in Enhanced Mass Spectrometry mode with a scan rate of 1000 amu/
s and collision energy set at 10 V. Cholesterol was monitored in period 2 (5.75 to 24.25 min)
using Enhanced Resolution mode. Mass measurements were made by comparing peak areas
in the samples to areas generated using standard curves of triolein, cholesterol, and cholesteryl
palmitate (Sigma).

2.8. Analysis of radiolabeled lipids
Cellular and medium lipids were extracted [31] and resolved by TLC on Silica Gel HLF plates
(Analtech) developed with hexane:ethyl ether:acetic acid 80:20:2 (v:v:v) [32]. Radioactivity
was detected and quantified using a Storm System phosphorimager (Amersham). The low
radioactivity of [14C]CE was quantified by recovery of the lipids from the TLC plates and
liquid scintillation counting.

2.9. Statistical analysis
Experiments included three to five replicate samples and were repeated two to five times, as
detailed in each figure legend. Data correspond to the means and standard error of the mean
(SEM) of average values obtained from replicate samples from each experiment, unless
otherwise noted. Statistical analyses were performed by t-test or ANOVA using GraphPad
Prism software and the differences were considered significant when the p value was less than
0.05.

3. Results
3.1. McA RH7777 cells deficient in ABHD5 accumulate TAG

To reduce ABHD5 expression, we transduced McA RH7777 cells with an adenoviral vector
directing the expression of shRNA targeting ABHD5, which we designated ABHD5-shRNA.
For control conditions, we used an adenoviral vector directing the expression of a scrambled-
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sequence shRNA, which we designated control-shRNA. Transduction of McA RH7777 cells
with ABHD5-shRNA reduced the expression of ABHD5 protein by ~90% when compared to
either cells transduced with control-shRNA or non-transduced cells (Fig. 1). In contrast, protein
levels of β-actin (Fig. 1B) and calnexin (data not shown) were comparable in cells incubated
with ABHD5-shRNA relative to either type of control cell. Transduction of cells with ABHD5-
shRNA did not decrease cell viability, or reduce total cellular protein content (data not shown).
The reduction in protein levels of ABHD5 increased cellular TAG by 41% under normal culture
conditions when compared to either cells transduced with control-shRNA or non-transduced
cells (Fig. 2).

3.2. The secretion of apoB-VLDL is reduced in McA RH7777 cells deficient in ABHD5
To assess the role of ABHD5 in the assembly of lipoproteins, we measured apoB secreted into
the culture medium by McA RH7777 cells deficient in ABHD5. McA RH7777 cells use both
exogenous fatty acids and lipids derived from stored TAG to assemble lipoproteins [22;33].
Thus, we analyzed the apoB content of media from McA RH7777 cells incubated in the
presence or absence of added OA. During 4 h incubation with 0.4 mM OA, the apoB content
of media was comparable between McA RH7777 cells deficient in ABHD5 and control cells
(Fig. 3); thus, the transduction of cells with ABHD5-shRNA has no direct effect on the secretion
of apoB. To measure apoB secretion in the absence of added OA, McA RH7777 cells were
first incubated with OA to increase cellular TAG stores, submitted to a washout period to
provide time for secretion of lipoproteins assembled during the OA incubation, and then
incubated for 4 h in culture medium without added OA. During incubation without OA, the
apoB content of media was 19% lower in cells deficient in ABHD5 than in control cells (Fig.
3). Thus, when exogenous fatty acids are available, ABHD5 is not essential for the assembly
and secretion of apoB lipoproteins. However, in the absence of added OA, ABHD5-deficient
cells secrete fewer apoB-containing particles.

3.3. The secretion of TAG and CE is decreased in ABHD5-deficient cells
The decreased amount of apoB-lipoproteins secreted by ABHD5-deficient cells suggests a
concurrent reduction in the lipid components of those lipoproteins. To study lipid secretion,
we incubated ABHD5-deficient and control cells for 4 h either with or without OA, as
previously described, and measured the mass of neutral lipids in the incubation media. We
employed highly sensitive LC-MS methods with photospray ionization of samples; these
procedures allow quantification of as little as 50 pg of an individual lipid. During incubation
with OA, McA RH7777 cells deficient in ABHD5 secreted 32% less TAG than control cells
(Fig. 4A). A trend toward lower secretion of CE in ABHD5-deficient cells reached statistical
significance in one of two experiments conducted (Fig. 4B). This decreased lipid mass was
likely associated with the same number of apoB-containing particles of reduced lipid content.

Removal of OA from the culture medium significantly reduced the secretion of both TAG and
CE in both control and ABHD5-deficient cells. During incubation without OA, cells deficient
in ABHD5 secreted 47% less TAG and 47% less CE than control cells (Fig. 4A and B). In
contrast, the values for cholesterol in the media were similar for both ABHD5-deficient and
control cells under both conditions (Fig. 4C).

LC-MS analysis of lipids in the media facilitated identification of the molecular species of
TAG (Table 1, Supplemental Table 1 and Supplemental Figure 2). Use of photospray ionization
with enhanced mass spectrometry supported the highest sensitivity of detection, but
identification of component fatty acids was limited to those found in diacylglycerol ions
derived from TAG. The major species of diacylglycerol detected under all conditions was
diolein (C18:1/18:1), which represented 60-75% of the total mass of TAG in the culture
medium. Under both +OA and −OA conditions, deficiency of ABHD5 reduced secretion of
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species of TAG containing one or more oleate (C18:1) moieties relative to that of cells
expressing ABHD5 (controls); these differences were greatest under −OA conditions.
Interestingly, ABHD5-deficient cells secreted significantly higher levels of TAG with
saturated fatty acids (C16:0/16:0 and C16:0/C18:0) than control cells in +OA conditions.
Although these species of triacylglycerol are minor components of the secreted lipoproteins,
they increased from 1% of total TAG in control cells to 3.5% of total TAG in ABHD5-deficient
cells. Similarly, in −OA conditions, levels of these species were below detection in medium
from control cells, but at higher, detectable levels in medium from ABHD5-deficient cells. In
summary, ABHD5 deficiency decreases the secretion of TAG and CE; the effect is greatest in
the absence of exogenous fatty acids, consistent with a role for ABHD5 in facilitating utilization
of stored TAG for lipoprotein assembly.

3.4. The secretion of TAG and CE synthesized from stored lipids is diminished in cells
deficient in ABHD5

To directly assess the use of precursors derived from stored lipids for the assembly of
lipoproteins, we incubated cells with [14C]OA and analyzed lipids secreted into the medium
during both 4 h pulse and 4 h chase periods. These analyses discriminate between the
contributions of exogenous and stored sources of fatty acids to the assembly of lipoproteins.
During the pulse period, when exogenous [14C]OA provides the most abundant source of
radiolabeled precursors for the synthesis of lipids, the content of [14C]TAG and [14C]CE was
similar in media from cells deficient in ABHD5 and from controls (Fig. 5A and B). In contrast,
during the chase period, when stored lipids provide the majority of radiolabeled precursors,
ABHD5-deficient cells secreted 46% less [14C]TAG and 51% less [14C]CE into the medium
than control cells (Fig 5A and B). Thus, deficiency of ABHD5 decreases the use of precursors
derived from stored lipids for the synthesis of TAG and CE that are then secreted, presumably
within lipoproteins.

3.5. The lipolysis of cellular TAG is decreased in McA RH7777 cells deficient in ABHD5
To evaluate the lipolysis of stored TAG under conditions that allow lipoprotein assembly,
ABHD5-deficient and control cells were incubated with [14C]OA for 4 h to load the cells with
a traceable pool of TAG. More than 75% of the [14C]OA taken up by the cells was incorporated
into cellular TAG in both ABHD5-deficient and control cells, whereas less than 2% of [14C]
OA was incorporated into CE, with the remainder in phospholipids (data not shown). During
subsequent incubation in the absence of added [14C]OA (4 h to 10 h), [14C]TAG decreased
less in ABHD5-deficient cells than in control cells (31% versus 44%, respectively, at 10 h)
(Fig. 6A). The lipolysis of TAG produces fatty acids, some of which are re-esterified into TAG
or CE for lipoprotein assembly, and some of which are released into the culture medium. Under
conditions when fatty acids released during lipolysis of stored TAG are available for lipoprotein
assembly, free [14C]OA released into the medium was 59% and 73% lower in ABHD5-
deficient cells at 6 and 10 hours, respectively, when compared to control cells (Fig. 6B).
Nonetheless, the specific radioactivity of cellular TAG was comparable between ABHD5-
deficient and control cells throughout the incubations (Supplemental Fig. 3). Thus, [14C]OA
was esterified and equilibrated into the cellular pool of stored TAG; radioactivity recovered in
the culture media represented metabolism of this pool. In summary, the lipolysis of cellular
TAG is decreased in McA RH7777 cells deficient in ABHD5.

4. Discussion
The main finding of this paper is that ABHD5 plays an important role in the efficient use of
lipids derived from lipolysis of stored TAG for assembly of apoB-lipoproteins. This finding
is supported by the following alterations observed in McA RH7777 cells deficient in ABHD5:
(a) the lipolysis of cellular TAG was reduced leading to increased storage of TAG; (b) the

Caviglia et al. Page 6

Biochim Biophys Acta. Author manuscript; available in PMC 2010 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



utilization of lipids released from stored TAG to synthesize TAG and CE in the secretory
pathway was decreased resulting in reduced mass of TAG and CE in the incubation media;
and (c) the secretion of apoB-containing lipoproteins was reduced. Decreases in secretion of
apoB, TAG and CE were greatest when cells were cultured without addition of supplemental
fatty acids. In contrast, when OA was added to the culture medium, these changes were reduced.

The secretion of apoB-lipoproteins is regulated primarily by the availability of lipids for
particle assembly [1;3-5]. ApoB transcription is mostly constitutive [4;34]; regulation of apoB
expression occurs at the translational and post-translational levels. During translation, apoB
associates with lipids in the lumen of the endoplasmic reticulum to form a lipid-poor precursor;
this lipidation of apoB is essential to prevent degradation by proteosomal and non-proteosomal
mechanisms [1]. Subsequently, the bulk of lipids are added to form a fully-lipidated VLDL
particle [2]. Stored TAG constitute a major source of lipid precursors for the assembly of
lipoproteins in hepatocytes [5;6]. Lipolysis of cytoplasmic stores of TAG is followed by re-
esterification in the endoplasmic reticulum and incorporation of TAG and CE into lipoproteins
[7]. Our findings indicate that ABHD5 facilitates the lipolysis of stored TAG and the provision
of lipid precursors for incorporation into the lipid core of apoB lipoproteins.

Deficiency of ABHD5 significantly reduced the secretion of oleate-containing TAG both when
supplemental oleate was provided in the culture medium, and when the medium contained no
supplemental fatty acids. However, when radiolabeled oleate was used to track the metabolism
of the supplemental fatty acid, deficiency of ABHD5 reduced secretion of TAG containing
radiolabeled oleate only during chase conditions following withdrawal of the fatty acid
supplement. These observations suggest that stored TAG supply a substantial portion of lipid
substrates for lipoprotein assembly, even when exogenous fatty acids are abundant. Detailed
analysis of the molecular composition of secreted TAG revealed an increase in secretion of
TAG with saturated fatty acids when ABHD5 expression was reduced in cells that were
incubated either in the presence or absence of exogenous oleate. These data suggest that altered
lipid flux resulting from depletion of ABHD5 induces compensatory mechanisms favoring the
incorporation of saturated fatty acids, potentially derived from de novo synthesis, into TAG in
the secretory pathway. These studies of the molecular composition of secreted TAG underscore
the complexity of metabolic pathways leading to lipoprotein assembly.

The function of ABHD5 has not been fully elucidated. Although ABHD5 has lysophosphatidic
acid acyltransferase activity [17] (also Montero-Moran, G. and Brasaemle, D.L., unpublished
data), ABHD5 has also been shown to increase triacylglycerol hydrolase activity of purified
ATGL or cytosolic extracts from cells overexpressing ATGL [14;35]. It has been hypothesized
that ABHD5 serves as an activating cofactor for ATGL [14;15;35]. ABHD5 interacts with
ATGL through a protein-protein interaction [18], and may therefore induce a conformational
change in ATGL that activates the lipase. Alternatively, ABHD5-catalyzed incorporation of
fatty acids released during lipolysis into phosphatidic acid may prevent end product inhibition
of ATGL. Regardless of the mechanism, deficiency of ABHD5 may reduce ATGL activity,
and consequently, decrease lipolysis of stored TAG and the assembly and secretion of
lipoproteins. The effect of depletion of ABHD5 in reducing secretion of CE suggests that fatty
acids derived from the hydrolysis of TAG are used for subsequent CE synthesis. Further
investigation is needed to determine whether levels of stored CE are also affected by ABHD5
deficiency.

The importance of ATGL in lipoprotein secretion, although not expressly studied, is suggested
by reduced VLDL TAG in the plasma of fasted ATGL null mice [19]. However, these mice
also have low levels of free fatty acids in plasma, presumably due to the absence of ATGL in
adipose tissue [19]. Thus, it is unclear whether the decrease in plasma TAG is due primarily
to the absence of ATGL in liver or secondarily to the decrease in plasma fatty acids [19].
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Overexpression of ATGL in mouse liver significantly increases hydrolysis of stored TAG, yet
does not affect the secretion of apoB-containing lipoproteins [36]. Interestingly, clinical
evidence comparing characteristics of humans with mutations in ABHD5 to characteristics of
humans with mutations in PNPLA2, the gene that encodes ATGL, suggests that ABHD5
functions independently from ATGL in some tissues. Patients with mutations in PNPLA2 have
prominent cardiomyopathy, which is absent in CDS patients [10], whereas CDS patients have
ichthyosis, which is absent in patients with mutations in PNPLA2 [37]. Additional investigation
is required to ascertain whether the function of ABHD5 in lipoprotein assembly is related to
its putative function as a cofactor of ATGL or to acyltransferase activity.

Surprisingly, most reports describe normal plasma lipid concentrations in individuals with CDS
[11;12]. However, the range of plasma lipid concentrations considered normal is extremely
broad [38], and moderately decreased plasma lipid levels may still fall within the normal range.
Two of approximately forty reported cases of CDS had hypertriglyceridemia; these rare
observations may indicate that this hypertriglyceridemia is unrelated to CDS [39;40]. Neither
the compositions nor the metabolism of lipoproteins in CDS patients have been described.
Observations of hepatosteatosis in the majority of CDS patients suggest that triacylglycerol
homeostasis in liver is disrupted by deficiency in ABHD5.

Our results extend those of Brown and co-workers [41], published while these studies were
underway. In experiments using radiolabeled OA, Brown and co-workers showed that the
secretion of lipoprotein-TAG decreased in McA RH7777 cells deficient in ABHD5. Our data
obtained using radioactive OA support those findings. We have extended these studies by
utilizing LC-MS to detect changes in the mass of secreted TAG and CE, and to characterize
the fatty acid composition of the secreted TAG. Moreover, we have demonstrated that the
secretion of apoB was reduced in cells deficient in ABHD5. The studies of Brown and co-
workers [41] also demonstrated reduction in β-oxidation of radiolabeled OA in ABHD5-
deficient McA RH7777 cells, providing an additional mechanism which promotes
accumulation of TAG, beyond reduced lipoprotein secretion. Finally, these studies showed a
modest 10% increase in secretion of radio-labeled TAG from McA RH7777 cells with
overexpressed ABHD5, adding support to the importance of ABHD5 in lipoprotein assembly.

In summary, ABHD5 facilitates the utilization of stored TAG to provide lipid precursors for
assembly of apoB-lipoproteins in hepatocytes. These results contribute to our knowledge about
the processes of assembly and secretion of lipoproteins. The data suggest that modest
pharmacological modulation of ABHD5 may provide important benefits in altering the lipid
composition of VLDL and reducing plasma levels of TAG.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. ABHD5-shRNA reduced protein levels of ABHD5 by 90%
McA RH7777 cells were transduced with either ABHD5-shRNA or control-shRNA, or were
not transduced. Cells were harvested after 48 hours of growth in serum-containing culture
medium without supplemental fatty acids. The expression of ABHD5 and β-actin were
analyzed by immunoblotting (B). Expression of ABHD5 was quantified by scanning
densitometry and expressed relative to controls (A). The results represent the means and
standard deviations from a representative experiment with triplicate samples. The experiment
was repeated five times with similar results. Statistical analysis was performed using one-way
ANOVA and Bonferroni’s post-hoc test; *** indicates significant differences at p < 0.001.
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Figure 2. Reduction of ABHD5 expression increased TAG by 41%
McA RH7777 cells were transduced with either ABHD5-shRNA or control-shRNA, or were
not transduced. Cells were harvested after 48 hours of growth in serum-containing culture
medium without supplemental fatty acids. The mass of TAG in solvent extracts of the cells
was quantified. The results represent the means and SEM from four independent experiments.
Statistical analysis was performed using one-way ANOVA and Tukey’s post-hoc test; *
indicates significant differences at p < 0.05.
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Figure 3. The secretion of apoB was decreased in McA RH7777 cells deficient in ABHD5 when
supplemental oleate was removed from the culture medium
McA RH7777 cells transduced with ABHD5-shRNA or control-shRNA were incubated for 4
h with medium containing 0.4 mM OA (+OA). Additionally, McA RH7777 cells that had been
pre-incubated with OA to increase cellular TAG stores were incubated for 4 hours in medium
without added OA (-OA). Total apoB secreted into the medium was quantified by RIA. The
results represent the means and SEM from two experiments performed with 3 or 5 replicate
samples per condition. Statistical analysis was performed using two-way ANOVA and
Bonferroni’s post-hoc test; * p < 0.05.
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Figure 4. The secretion of TAG and CE was reduced in cells deficient in ABHD5
McA RH7777 cells transduced with ABHD5-shRNA or control-shRNA were incubated for 4
h in medium either with 0.4 mM OA (+OA) or, following preincubation with 0.4 mM OA,
without OA (-OA). TAG (A), CE (B), and free cholesterol (C) secreted into the medium were
analyzed by LC-MS. Data represent the means and SEM from two experiments performed with
four or five replicate samples. Statistical analyses were performed using two-way ANOVA; *
indicates significant differences at p < 0.05; **, p < 0.01; and ***, p < 0.001.

Caviglia et al. Page 15

Biochim Biophys Acta. Author manuscript; available in PMC 2010 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5. The secretion of TAG and CE synthesized from precursors derived from stored lipid was
decreased in McA RH7777 cells deficient in ABHD5 under chase conditions
McA RH7777 cells transduced with ABHD5-shRNA or control-shRNA were incubated with
[14C]OA for 4 h (pulse), incubated in medium without [14C]OA for 2 h (washout), and then
incubated in fresh medium without [14C]OA for 4 h (chase). The secretion of [14C]TAG (A)
and [14C]CE (B) into the culture medium was analyzed during the pulse and chase periods.
Data correspond to the means and SEM from three (pulse) or four (chase) independent
experiments, each of which included triplicate samples. Statistical analyses were performed
using two-way ANOVA and Bonferroni’s post-hoc test; * indicates significant differences at
p < 0.05.
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Figure 6. The lipolysis of cellular TAG was reduced in McA RH7777 cells deficient in ABHD5
McA RH7777 cells transduced with ABHD5-shRNA or control-shRNA were incubated with
[14C]OA for 4 h (pulse) and subsequently incubated in medium without [14C]OA for 6 h. (A)
Cellular [14C]TAG were quantified and normalized to the amount present at 4 h, which was
expressed as 100%. (B) [14C]Fatty acids released into media were quantified. Each data point
represents the mean and SEM from two to four experiments performed with triplicate samples;
some error bars are hidden by the symbols. Statistical analyses were performed using ANOVA
and Bonferroni’s post-hoc test; * indicates significant differences at p < 0.05 and ***, p <
0.001.
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