
ABCA1 cell surface expression  
Drugs Effects  

WT ABCA1  MM ABCA1  

ALLN  Calpain inhibitor  ! (+ 60%)  ! (+ 30%)  

ApoA -I 
cholesterol 

acceptor  
! (+ 30%)  no effect  

Atorvas tatin  
cholesterol level 

lowering  
no effect  no effect  

Brefeldin A  
trans -Golgi 

transport i nhibitor  
! (- 60%) ! (- 40%) 

Cycloheximide  
protein synthesis 

inhibitor  

! (- 30 %) 

(viability !) 

! (- 30 %) 

(viability !) 

Cyclosporin A   immunosuppressor  ! (+ 60%)  ! (+ 6 0%) 

Ezetimibe  

inhibitor of 

intestinal  

cholesterol 

absorption  

! (- 20 %) 

 
no effect  

Glyburide  ABCA1 inhibitor  no effect  no effect  

Niacin  
cholesterol 

depletion  
no effect  no effect  

Nifedipin  
cholesterol level 

lowering  
no effect  no effect  

Methyl -_-

cyclodextrin  

cholesterol 

depletion  

no effect  

(viability !) 

no effect  

(viability !) 

Cholester ol-

methyl -_-

cyclodextrin  

cholesterol 

overloading  

no effect  

(viability !) 

no effect  

(viability !) 

Verapamil  

Ca
2+

-channel 

blocker  

 

no effect  no effect  

 

1. We generated ABCA1 variants and established stable mammalian cell lines expressing these functional

and non-functional proteins.

2. We assess that our model system allows a quantitative detection of cell surface expression of

ABCA1.

3. We tested the effect of cholesterol level-lowering drugs and other potential inhibitors on the cell surface

appearance of ABCA1.

4. We observed that cyclosporine A increases the cell surface expression of wt and the inactive MM

ABCA1 variant.

5. We firstly demonstrate that ezetimibe, an inhibitor of the intestinal cholesterol absorption, decreases

ABCA1 cell surface expression only in the case of a functional ABCA1.
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Functional characterization of the HA-tagged ABCA1Functional characterization of the HA-tagged ABCA1IntroductionIntroduction
The ABCA1 membrane protein plays a pivotal role in reverse cholesterol transport by mediating the generation of HDL

particles and removing excess cellular cholesterol. Mutations in ABCA1 cause Tangier disease, a disorder characterized by very

low HDL levels, cholesterol deposition in macrophages and premature atherosclerosis. The cell surface expression of ABCA1 is

modulated by a complex process, which includes transcriptional and post-transcriptional regulation, as well as internalization,

degradation, and recycling. There is evidence that not only sufficient plasma membrane expression but internalization along

with apoA-I is required for proper function of ABCA1.

In the present study we aimed to establish a quantitative in vitro test system, which is suitable for monitoring the plasma

membrane level of wild-type and inactive ABCA1 variants. We planned to study the effect of several cholesterol level-lowering

or HDL level increasing drugs on the cell surface expression of ABCA1.

To investigate the regulation of trafficking and cell surface

expression of ABCA1 we generated an in vitro cellular model

system for monitoring the plasma membrane level of ABCA1.

We established cell lines stably expressing the functional HA-

tagged ABCA1 or the NBD mutant variants by using retroviral

transduction. The introduced extracellular HA-epitope allowed

us to detect cell surface expression of ABCA1 by flow

cytometry and confocal microscopy.

Subcellular localization of HA-tagged ABCA1 variantsSubcellular localization of HA-tagged ABCA1 variants
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Expression of wild type and mutant HA-tagged ABCA1 variants

We studied the cell surface expression of

ABCA1 variants using indirect immuno-

fluorescence labeling of intact cells with anti-

HA antibody. The cell surface staining was

detected by flow cytometry. Similar to total

expression levels of ABCA1 variants, we

found comparable plasma membrane

expression levels of all ABCA1 variants in

both MDCKII and HEK293H cells.

In MDCKII cells: Anti-HA antibody staining is shown in

green (left panels), Na+/K+ ATPase antibody labeling, as

plasma membrane marker, is shown in red (middle panels).

The right panels show composite pictures.

ResultsResults

The figure shows the schematic representation of generated retroviral constructs. Hemagglutinin (HA) epitope was introduced

into the first extracellular loop of ABCA1 (between residues 207 and 208). NBD: nucleotide binding domain; TMD:

transmembrane domain; WT: wild-type; MK: HA-tagged ABCA1 variant with methionine-lysine substitution (K939M) in the

first nucleotide-binding domain (NBD1); KM: methionine-lysine substitution (K1952M) in the second nucleotide-binding domain

(NBD2); MM: methionine-lysine substitution in both Walker A motifs (K939M/K1952M).

We followed the expression level of

ABCA1 variants by Western blot analysis

using whole cell lysates and found that all cell

lines stably expressed the ABCA1 variants at

comparable levels. Anti-Na/K ATPase

antibody was used to control the sample

loading.

Effect of different drugs on the cell surface expression ofEffect of different drugs on the cell surface expression of
HA-ABCA1 variantsHA-ABCA1 variants

We demonstrated the applicability of our model system for monitoring ABCA1 cell surface expression by applying

various substances with known effect on ABCA1 trafficking and degradation, i.e., ALLN, a calpain inhibitor and Brefeldin

A. By having a verified test system, we studied the effect of various drugs on the cell surface expression of ABCA1

variants.

Indirect immunfluorescence labeling

with anti-HA antibody was performed

with intact cells after 4 h treatment with

drugs and studied by flow cytometry. The

viability of cells was monitored by

propidium iodide staining.

Diagrams show relative changes

after treatment of ABCA1 cell surface

expression correlated with non-treated

cells. ALLN and BFA treatment as

positive controls indicate the elevation or

reduction of ABCA1 cell surface

expression, respectively. To quantify the

cell surface expression levels, relative

fluorescence values were derived from

the ratio of the geometric mean values of

anti-HA antibody labeling and that of the

isotype control.

HEK293 MDCKII

The subcellular localization of HA-tagged ABCA1 variants in HEK293H and polarized MDCKII cells was studied by

indirect anti-HA immunofluorescence staining followed by confocal microscopy.

In HEK293 cells: Anti-HA antibody staining is shown in

green (middle and right panels),  various cellular markers,

wheat germ agglutinin (D-F), anti-Giantin (G-I) and anti-

EEA (J-L) antibodies, as well as LysoTracker (M-O) are

shown in red, whereas DAPI staining was used to label the

nuclei (blue). The right panels show composite pictures.

To study  the functional properties of the HA-tagged ABCA1 variants we measured the ApoA-I-dependent cholesterol

efflux and ApoA-I binding. The HA-tagged ABCA1 exhibited cholesterol efflux and ApoA-I binding similar to that seen in

cells expressing the untagged protein. We also investigated the effect of ALLN and Cyclosporin A (CsA) on the ApoA-I

binding in cells expressing functional or inactive mutant (MM) variants of ABCA1. ALLN, which blocks ABCA1

degradation, increased, whereas CsA reduced ApoA-I binding.

The table summarizes the effect of various substances on the

cell surface expression of wt and MM HA-ABCA1 variants.


