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The ability of different human and rat brain cell
ines (neuronal and gliomal) to secrete lecithin:choles-
erol acyltransferase (LCAT) was examined. Of these,
he strongly secreting human gliomal (U343 and U251)
ell lines were selected for a detailed study of enzy-
atic and structural properties of the secreted LCAT.
oth plasma- and brain-derived enzymes are inhibited
y DTNB (90%) and are activated by apolipoprotein
-I. LCAT mRNA was measured in these cell lines at

evels similar to that found in HepG2 cells. In contrast,
poA-I, apoE, and apoD mRNAs were undetectable in
hese cell lines. The presence of functional LCAT se-
reted by cultured nerve cells provides an in vitro
odel to study the expression and function of LCAT in

he absence of others factors of plasma cholesterol
etabolism. © 1999 Academic Press

Key Words: LCAT; nerve cells.

The major part of cholesteryl ester in plasma is
ormed by lecithin:cholesterol acyltransferase (LCAT),
EC.2.3.1.43.). This enzyme is an integral part of sev-
ral HDL species (1) and catalyses the transfer of an
cyl group from lecithin to the 3-hydroxyl group of
holesterol (2). LCAT is secreted from the liver as well
s by the human hepatoma cell line, HepG2 (3, 4).
ore recently LCAT mRNA was identified in brain,

nd subsequently by in situ hybridization (5, 6). How-
ver, the properties of brain LCAT activity have not
een characterized. Cerebrospinal fluid contains LCAT

1 Corresponding author. Fax: (33) 5 61 77 94 01. E-mail:
ollet@cict.fr.

2 Present address: Central Research Division, Pfizer Inc., Eastern
oint Road, Groton, CT 06340.

3 Present address: Groupe de Pharmacologie Moléculaire, Syn-
hélabo, Rueil-Malmaison, France.

Abbreviations: ApoA-I, apolipoprotein A-I; LCAT, lecithin:choles-
erol acyltransferase; GFAP, glial fibrillary acidic protein.
73
esents 20 fold less than the activity found in plasma.
n the nervous system, cholesterol is obtained both by
ynthesis (8-10) and through receptor mediated uptake
f cholesterol-carrying lipoproteins (11-13). In plasma,
CAT plays an important role in regulating cell mem-
rane cholesterol content (14). However the plasma
CAT pool is probably not accessible to nerve tissue,
ecause of the blood brain barrier (15). LCAT derived
rom nerve cells may play this role in the cerebral
xtracellular space. Here, we provide evidence that
CAT is synthesized and secreted extracellularly by
euroglial cells.

ATERIALS AND METHODS

Cell cultures. Brain cell lines, SH-SY-SY, SK-N-MC, SK-N-SH,
elly, NLF, NGP, MCN-1-1, LAN-1, LNA-2 and LNA-5 were kindly
rovided by Dr. Michael Bishop (UCSF). Mouse Neuro2A, rat RT4B
nd human glioma/astrocytoma U251 and U343-MGa-C12:6 were
indly provided by Dr. Francois Besnard (National Institute of
ealth). Cells were grown in DMEM medium supplemented with
0% fetal calf serum, 2 mM glutamine and 5 mg/ml gentamycin at
7°C in a 5% CO2 atmosphere. To determine LCAT activity, the cells
ere washed 6 times with phosphate-buffered saline (PBS) and then

ultured 36 h in the same medium where the fetal calf serum was
eplaced by Ultroser G (2%) (IBF, France). After removing the me-
ium, the cells were washed twice with PBS, then dissolved in 0.1 N
aOH and sonicated two times for 30 seconds. Protein concentra-

ions were determined according to Lowry (16).

Assay of LCAT activity. LCAT activity was determined as the
ate of synthesis of labeled cholesteryl esters from [1,2,3H-cho-
esterol] (New England Nuclear, Boston, MA); specific activity 60
i/mmol in benzene. The medium from cultured brain cell lines was
ssayed using lecithin-[3H]-cholesterol single walled vesicles (17).
he liposomes were activated for 1 h with apolipoprotein A-I (18).
ach assay contained 5 mg cholesterol (SA: 1.2 105 dpm/ug), 40 mg
gg lecithin, 5 mg of apoA-I (Sigma Chemical Co., St Louis, MO) in 50
l with an equal volume of recrystallized human albumin (15%) and
00 ml of cell culture medium. Incubation was for up to 120 min at
7°C. The reaction was stopped in ice water and lipids extracted with
00 ml of chloroform-methanol (1/1, v/v). Labelled cholesteryl ester
enerated by LCAT was separated from unesterified cholesterol by
0006-291X/99 $30.00
Copyright © 1999 by Academic Press
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hin-layer chromatography on silica gel layers on plastic sheets
Merck) developed in hexane/diethyl ether/acetic acid (83/16/1) (19).
adioactivity was determined by liquid scintillation spectrometry.
roduction of labeled cholesteryl ester was shown to be linear during
he assay.

Purification and identification of LCAT protein. LCAT was puri-
ed from human plasma by ultracentrifugation followed by sequen-
ial chromatography on phenylagarose, DEAE-cellulose and hy-
roxyapatite (20). LCAT was also purified from cell media as
reviously described (21) using a column (7x0.5 cm) of phenylagarose
Pharmacia) equilibrated with 3 M NaCl, 1 mM EDTA and 10 mM
ris pH 7.4. The medium from 3xT150 flasks was added to the
olumn. After washing with 20 ml Tris/EDTA (10 mM/1 mM), pH 7.4,
CAT was eluted with distilled water. These fractions were imme-
iately tested for LCAT activity and the most active fractions were
ooled, frozen at 270°C and lyophilized overnight. The protein was
hen dissolved in Laemmli buffer, boiled 5 min and fractionated on a
DS/10% polyacrylamide minigel (Novex, Encinitas, CA) at 125 V for
h at room temperature. The separated proteins were transferred

vernight onto nitrocellulose as solid phase (Sartorius, West Coast
cientific, Hayward, CA) (22). Immunodetection of LCAT was carried
ut by using anti-LCAT site-directed antibody raised in rabbits
gainst LCAT residues 165-183; and then with 125I-labeled goat
ntibody to rabbit IgG (1).

mRNA isolation and analysis. RNAs were extracted from nerve
ells and human hepatoma cells (HepG2) using 3 confluent T175
asks for each cell line. The mRNA was prepared by oligo d(T)-
ellulose chromatography (K-1593-oZ; Invitrogen, San Diego, CA).
oly(A1)mRNA of human liver was from Clontech (Palo Alto, CA).
he poly(A1)mRNA was precipitated and stored at 270°C with 0.1
olume of 2 M sodium acetate and 2 volumes of 100% ethanol. The
NA was precipitated by centrifugation, and then resuspended in
XMEA (20 mM MOPS; 1 nM EDTA; 5 mM NaOAc), 50% formamide,
.2 M formaldehyde. An aliquot was heated at 65°C for 5 min,
oading dye was added and then it was run in 1% agarose-
ormaldehyde gel. The RNA was transfered to Nylon membrane
Sigma) and the RNA was crosslinked 2-4 min with U.V light.
oly(A1)mRNA from human liver was processed identically. RNA
lots were hybridized with [32P]-labeled human LCAT, apolipopro-
ein A-I, E, D and GFAP cDNAs. The full-length human LCAT cDNA
as isolated from HepG2 cells as described (23). The probe for apoA-I
nd apoE were derived from clones pAI-113 and pE-301 respectively
American Type Culture Collection, ATCC 57024 and 57020). The
00 bp PstI fragment corresponding to human apoA-I amino acids
4-243 was used to probe apo-AI mRNA. The 291 Bp PstI fragment
oding for amino acid 155-252 of human apoE was purified. The full
ength ApoD and GFAP cDNAs were kindly provided by Dr. Dennis

Properties of Brain and Plasma Derived LCAT

LCAT activity (%)

Control With DTNB Without apoA-I

343 100 10.8 6 4.8 21.7 6 5.2
251 100 9.1 6 3.7 22.5 6 4.2
lasmaa 100 7.7 6 0.9 18.4 6 2.2

Note. Control values are expressed relative to the activity mea-
ured as described in Table I and represent for U343 and U251 9.0 1
.4 and 7.0 1 1.9 pmol.CE ml21 h21 per mg cell protein respectively.
he values are the mean 1 SD of 3 experiments where each assay
as performed in duplicate.
a Purified plasma LCAT was incubated in presence of Ultroser

2%) as described under Materials and Methods.
74
rayna (Genentech, South San Francisco) (24) and Dr. Michael
renner (NIH) (25), respectively. All probes were labeled with

32P]dCTP by random priming. The mRNAs were prehybridized at
5°C with the [32P]-labelled probes in a solution containing 1 M
aCl, 1% SDS, 10% Dextran sulfate, 100 mg/ml salmon sperm DNA.
lots were washed at 65°C with 2X SSPE for 1 h and 1 h with
.2X SSPE.

ESULTS

Origin and properties of neuronal LCAT activity.
he possible secretion of LCAT activity was first
creened in the culture medium of 25 neuronal and
liomal cell lines of human and rodent origins. Activity
as detected in about two thirds of these cell lines at a

FIG. 1. Western immunoblotting of purified plasma LCAT (A)
nd LCAT secreted by U251 cells (B). The LCAT was partially
urified from cell media as described under Materials and Methods
nd separated on a 10% SDS-PAGE mini-gel that was transferred
nd immunoblotted with anti-LCAT antibody (1). Gels were cali-
rated (lane C) with the following 14C-methylated standards (Amer-
ham): myosin (200 kDa), phosphorylase b (92.5 kDa), bovine serum
lbumin (69 kDa), ovalbumin (46 kDa), carbonic anhydrase (30 kDa),
nd lysozyme (14.3 kDa).

FIG. 2. Northern blotting of cell line mRNA. Poly(A1) mRNA
ere isolated from HepG2 cells (1), U251 (2) and U343 (3). 15 mg of

amples were run on a 1% agarose-formaldehyde gel blotted to a
itrocellulose filter and probed with LCAT DNA which had been

abelled as described under Materials and Methods.
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ean level similar to those found in the medium of
uman hepatoblastoma cells (HepG2) (not shown).
wo human gliomal (U343 and U251) cell lines which
ecreted relatively high levels of LCAT, were further
haracterized. The LCAT activity represented about 8
moles cholesterol esterified ml21 h21 per mg of cell
rotein after 36 h incubation time. As shown in Table
, LCAT activity in each line was inhibited by about
0% in the presence of the sulfhydryl inhibitor
DTNB), a potent inhibitor of LCAT activity (26). LCAT
ctivity was also activated by apoA-I in each medium,
s is the case for plasma LCAT (18). These data show
hat the enzymatic properties of neural cell LCAT are
imilar to those of the plasma LCAT.

Synthesis and secretion of LCAT by U251 cells. Cul-
ured astrocytes U251 were incubated 24 hours in se-
um free medium. LCAT from the medium was purified
y phenylagarose chromatography and characterized
y western immunoblotting (Fig. 1). The apparent mo-
ecular weight of the secreted LCAT was about 67,000,
imilar from that of the plasma LCAT (19). Gliomal
ells secreted LCAT with properties similar to that of
he plasma (27).

Analysis of LCAT, apoA-I, E and D mRNAs. To
etect the presence of LCAT, apoA-I, apoE and apoD
RNAs, poly(A1) mRNAs were prepared from nerve

ells and HepG2 cells and analyzed by hybridization
ith the respective [32P] labelled cDNAs. Blots probed
ith human LCAT-cDNA (Fig. 2) showed two major
ands in each cell lines, one corresponding to 1.5 Kb,
he predicted size of LCAT mRNA and a larger of 7.5
b also observed in HepG2 mRNA (28). Similar
mount of LCAT mRNA signal was found in HepG2
nd brain cell lines. No detectable apoA-I, apoE and
poD mRNAs were found in the nerve cells (Table II),
n contrast to HepG2 cell mRNA. Finally, blot probed
ith human GFAP-cDNA showed that U343 and U251

ell line were derived from gliomas cells.

ONCLUDING REMARKS

The properties and synthesis of LCAT have been
tudied in considerable detail in hepatoma cell lines,

Distribution of LCAT, apoA-I, apoD, apoE and GFAP
mRNAs in the Nerve Cell Lines and Liver

mRNA U343 U251 Liver

LCAT 1 1 1
apoA-I 2 2 1
apoD 2 2 1
apoE 2 2 1
GFAP 1 1 2

Note. mRNAs were extracted and hybridized with the different
robes as described under Materials and Methods.
75
issues. LCAT action in brain may be important for
unction of the central nervous system, since several
atients with LCAT deficiency showed signs of hearing
oss and sensory impairments (30). Another study re-
orted the importance of this enzyme in the esterifica-
ion of pregnenolone and dehydroepiandrosterone (31).
CAT may be very active in the cerebrospinal fluid
sing these steroids as substrate. Further investiga-
ions will be needed to understand the physiological
ignificance of this enzyme in the metabolism of HDL
n the extravascular fluid.
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