


Tangier disease was identified in a five-
year-old boy born and raised on Tangier
Island, Virginia basically, a large sand
bar in the middle of Chesapeake Bay. Set-
tled by a few English watermen in the
1680s, the island has remained a secluded
enclave for centuries. It was occasionally
the haunt of pirates, and its population
was sporadically decimated by pestilence.
More than three centuries after the arrival
of the initial settlers, its inhabitants still
speak a unique Elizabethan dialect, and
three-quarters of them bear one of four
surnames from the original group of
founders. It is not particularly surprising,
therefore, that a recessive disease would
eventually occur in this locale.

The first people with Tangier disease
made their way from Chesapeake Bay to
the National Institutes of Health (NIH),
where the orange colour of their tonsils
was shown to be caused by an accumula-
tion of cholesterol esters (and associated
carotenoids) in macrophages1,5. Their
plasma concentrations of apolipoprotein
(apo-) AI, the principal constituent pro-
tein of HDL, were very low, and HDL cho-
lesterol was virtually absent from the
plasma. The combination of low plasma
HDL cholesterol levels and cellular choles-
terol ester accumulation was intriguing in
light of the proposed role of HDL in
unloading cholesterol from cells and
transporting it back to the liver6 (reverse
cholesterol transport).

ABC1 and cholesterol efflux
The efflux of cholesterol from cells is nor-
mally rapid up to 0.1% of total cell cho-
lesterol per minute7. This is balanced by de
novo cholesterol synthesis and uptake of
cholesterol mediated by the LDL receptor8

and other molecules, such as SR-B1 (ref.
9). Most of the cholesterol in the plasma
membrane is located within the leaflet
bilayer that is next to the cytoplasm. Sur-
plus cholesterol does not accumulate in
membranes but rather is esterified and
stored in cytosolic lipid droplets (see fig-
ure). Getting rid of cellular cholesterol ulti-
mately requires active transport of free
cholesterol out of the cell, and onto HDL
particles (panel a of figure). This is where
ABC1 probably functions. In Tangier dis-
ease, it seems that ABC1-mediated lipid
export from cells is defective, resulting in
increased amounts of cholesterol ester
storage in cells, most prominently in tissue
macrophages, such as those that exist in the
tonsils and other lymphoid tissues5. Con-
sistent with this view, Jack Oram’s group at
the University of Washington has demon-
strated that cholesterol efflux from Tangier
fibroblasts to lipid-poor apolipoproteins is
markedly defective10.

The ABC1 protein has 12 membrane-
spanning domains. Its precise location in
the cell has yet to be established; the pre-
sumption that it is located in the plasma
membrane is based on parsimony and the
fact that other ABC family members are
found there. But it could be located in an
intracellular membrane compartment and
mediate cholesterol efflux indirectly. If it
does traverse the plasma membrane, its
potential localization to the cholesterol-

rich rafts and caveolae11 is worth investi-
gating. Of note, Tangier fibroblasts mani-
fest a decrease in the efflux of both
cholesterol and phospholipids10,12. It is
not clear whether ABC1 actively trans-
ports both of these polar lipids, or whether
the active transport of one simply drags
the other along with it.

Levels of ABC1 mRNA increase in the
setting of increased cellular cholesterol
stores13. Teleologically, this makes sense. It
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Cholesterol choreography . a, ABC1 plays a key role in the efflux of unesterified cholesterol and phos-
pholipids from cells. These polar lipids are transferred to lipid-poor apo-AI particles, generating nascent
HDL, which acquires additional polar lipids from the metabolism of apo-B–containing lipoproteins. The
free cholesterol in HDL is esterified in the plasma and eventually transferred to apo-B–containing lipopro-
teins and to cells (via SR-BI), regenerating lipid-poor apo-AI particles. b, In people with Tangier disease,
absence of ABC1 blocks cholesterol efflux from cells, leading to the intracellular accumulation of choles-
terol esters. The reduction in cholesterol efflux prevents lipid-poor apo-AI particles from being trans-
formed into nascent HDL, which results in their rapid clearance from the plasma. Consequently, HDL
metabolism never really gets started, and HDL metabolism is functionally dissociated from the metabolism
of the apo-B–containing lipoproteins.
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is important, however, to determine
whether ABC1 is regulated entirely at the
mRNA level or whether its activity might
also be regulated by posttranslational
modifications, or allosterically, through
interaction with specific lipids within the
membrane.

Implications for plasma lipid
metabolism
The discovery of ABC1 has substantial
implications for plasma lipoprotein
metabolism. ABC1 seems to play an oblig-
atory step in HDL metabolism, trans-
forming lipid-poor apo-AI particles into
nascent HDL particles that can interact
with the apo-B-containing lipoproteins
(for example, low-density lipoproteins)
and function in other metabolic processes
(panel a of figure). Whether the ‘activa-
tion’ of lipid-poor apo-AI particles
involves a direct interaction between
ABC1 and apo-AI is unknown and
requires investigation. In the absence of
ABC1 (panel b of figure), lipid-poor apo-
AI particles do not acquire cellular lipids
and are therefore cleared rapidly from the
plasma5. Because the lipid-poor apo-AI
particles are not transformed into nascent
HDL particles, HDL metabolism never
gets off the starting block, and its metabo-
lism is effectively dissociated from that of
the apo-B-containing lipoproteins. The
low LDL cholesterol levels in the plasma of
people with Tangier disease and the
triglyceride enrichment of ‘Tangier’ LDL
are almost certainly consequences of this
dissociation.

Other inherited metabolic defects, such
as the loss of ability to generate apo-B-
containing lipoproteins14−16, or loss of
ability to transfer polar lipids from very

low-density lipoprotein to HDL (ref. 17),
seriously perturb HDL metabolism. But
respectable levels of HDL (20−50% of
normal) still exist in those conditions.
That this is not the case in Tangier disease
indicates that cell-derived lipids are essen-
tial for the production of metabolically
competent HDL. Why free cholesterol and
phospholipids from the apo-B-containing
lipoproteins are apparently incapable of
substituting for cellular lipids is perplex-
ing and requires additional investigation.

Heterozygotes for ABC1 deficiency
have half-normal levels of HDL choles-
terol. This was suggested earlier by inves-
tigations of the families of people with
Tangier disease5. In addition, the current
study by Michael Hayden and colleagues2

demonstrates that familial hypoal-
phalipoproteinaemia (characterized by
low HDL cholesterol levels but no overt
cholesterol ester accumulation in tissues)
can be caused by heterozygous mutation
of ABC1.

It will be interesting to determine
whether subtle polymorphisms in ABC1
contribute to the 10−20% reduction in
HDL levels that are so commonly observed
in people with atherosclerotic coronary
heart disease. In addition, it will be of
interest to determine whether ABC1 over-
expression in transgenic animals increases
HDL cholesterol levels and reduces the
accumulation of cholesterol ester-rich
macrophages in atherosclerotic plaques.
Such a phenotype would obviously make
upregulation of ABC1 an attractive goal for
the pharmaceutical industry but predict-
ing the consequences of ABC1 overexpres-
sion is not easy, as it might perturb
plasma-membrane lipids and adversely
affect cell viability.

The identification of ABC1 has posed
new questions for the future of the lipid
and lipoprotein field. But what of Tangier
Island, the sand bar where this story
began? Unfortunately, its shores are erod-
ing. Without sea walls and beach replen-
ishment, the island could simply
disappear within the next century. Given
its rich history, such a fate would be
unmerciful and sad. It would also be
ironic, as the disease that bears the
island’s name has provided a solid footing
and bright future for those seeking to
understand HDL and cholesterol efflux
from cells. �
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The hepatitis B virus (HBV) is a canny
one. Acute infection is usually cleared
by the immune system. But in some
cases, chronic infection sets in, accom-
panied by integration of the virus into
the nuclear DNA of liver cells. To make
matters worse, HBV carriers (of which
there are about 350m) have a high risk
of developing chronic liver disease
(CLD) and hepatocellular carcinoma
(HCC). Research into how HBV infec-
tion translates into HCC and CLD has
been stymied by the lack of suitable ani-
mal models: only woodchucks, ducks
and squirrels are naturally infected with
related HBV-like viruses. Mark Feitel-

son and colleagues now describe a
promising animal model in this month’s
issue of Nature Medicine (vol. 5,
907–912; 1999). They engineered trans-
genic expression of the virus in mice
with severe combined immunodefi-
ciency. The resultant mice support HBV
gene expression and replication in the
liver and elsewhere (see picture for
hepatocyte expression of an HBV anti-
gen); infusing them with unprimed,
syngeneic splenocytes partially clears
virus from the serum and liver. Notably,
the mice sustain persistent virus replica-
tion and develop CLD, but, so far, not
HCC. Molecular dissection of these

mice should help to identify the virus
antigens and corresponding immune
responses that contribute to CLD.

—Bette Phimister

Having a go at the hepatitis B virus


