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Abstract

Phospholipid changes occur in brain regions affected by Alzheimer disease (AD), including a marked reduction in plasmalogens, which co
diminish brain function either by directly altering signaling events or by bulk membrane effects. However, model systems for studying the dynami
of lipid biosynthesis in AD are lacking. To determine if fibroblasts bearing the Swedish amyloid precursor protein (swAPP) mutation are a usef
model to study the mechanism(s) associated with altered phospholipid biosynthesis in AD, we examined the steady-state phospholipid mas:s
composition of fibroblasts, including plasmalogens. We found a 15% increase in total phospholipid mass, accounted for by a 24% increase in
combined total of phosphatidylethanolamine and plasmanylethanolamine mass and a 19% increase in the combined total of phosphatidylcht
(PtdCho) and plasmanycholine (PakCho) mass in the swAPP mutant bearing fibroblasts. Cholesterol mass was unchanged in these cells
changes in phospholipid mass did not alter the cellular molar composition of the phospholipids nor the cholesterol to phospholipid ratio. Wh
plasmalogen mass was not altered, the ratio of choline plasmalogen (PIsCho) mass to PtdCho + PakCho mass was decreased 16% and the
a 14% reduction in the proportion of PIsCho as a percent of total phospholipids in the swAPP mutant bearing fibroblasts. This change in chol
plasmalogen is consistent with the reported decreases in plasmalogen proportions in affected regions of AD brain, suggesting that these cells
serve as a useful model to determine the mechanism underlying changes in plasmalogen biosynthesis in AD brain.
© 2005 Elsevier Inc. All rights reserved.
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1. Introduction biochemical processes differ between AD and control fibrob-
lasts: calcium homeostasi¥,23,30,31,41,63] signal trans-
Cultured fibroblasts isolated from Alzheimer disease (AD)duction[27,39,40,71,8Q]Jelevated inositol(1,4,5)tris-phosphate
patients are a useful model to study biochemical changes thatoduction in response to agonif4€]; mitochondrial function
are characteristic of AD in a manner that is independent of dief,14,15,30] protein kinase C and G-protein activifg1,35,71]
pharmacological intervention, or neurodegeneration. Fibrob€ellular signal transduction is also altered as demonstrated by
lasts have been derived from all major AD family groupsthe different properties of th@-adrenoceptor and forskolin-
including those with mutations in genes encoding for amy-stimulated adenylyl cyclase activities in fibroblasts bearing
loid precursor protein (APP), presenilin-1 (PS-1), presenilin-2presenilin-1 mutations or the Swedish amyloid precursor pro-
(PS-2), and from patients with classical sporadic AD. Multipletein (swAPP) double mutatidi79].
A number of biochemical alterations found in AD brain are
also present in fibroblasts isolated from patients with AD. For
* Corresponding author. Tel.: +1 701 777 3450; fax: +1 701 777 4490. instance-keto-glutarate dehydrogenase activity is reduced in
E-mail address: emurphy@medicine.nodak.edu (E.J. Murphy). brains and fibroblasts from AD patient3,28]. Protein kinase
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C isozymes are differentially cleaved by increased proteolmodelin which to study altered plasmalogen biosynthesis in the

ysis in APP mutation bearing fibroblasf1], which may future.

account for the decrease in protein kinase C activity mea-

sured in fibroblasts derived from sporadic AD patief85]. 2. Materials and methods

Cytochrome: oxidase (complex IV) activity is reduced in fibrob-

lasts from sporadic AD patienfd5] and in affected regions 2-1. Cell cultures

of AD brain [12,13] Fibroblasts bearing either PS-1 or PS-2 o ) ) )
Human skin fibroblast cell lines were established at the Department of Geri-

mUtatlonS[Gg] or the APP mUtatIOMZ] secrete hlgher levels atric Medicine of the Karolinska Institute from skin biopsies taken from affected

of amyloid{3-peptide (A43) than do fibroblasts from non-AD  ang non-affected individuals in the Swedish family with the APP670/671 muta-
subjects, which is consistent with the accumulation @ iA tion. Six lines were established from individuals with the APP670/671 mutation,

AD brain. In AD brain, there is an accumulation of |ipid per- of which four lines were from symptomatic carriers and two lines from asymp-
oxidation products, such as 4-hydroxynonenal (4-HNE) ande& e To oas T e iaet donors was documented
acroleln_[8,50,56,65,68]anp| a similar mcreas_e in 4-HNE and Cells were maintained as previously descrilj2#l] in Dulbecco’s modified
malondialdehyde occurs in fibroblasts carrying APP and PS-Eagle medium containing low glucose (1g/l) supplemented with 10% fetal
gene mutation$10]. These alterations are important becausevovine serum in a humidified 5% Gancubator at 37C [29,60] Prior to ship-
increased lipid peroxidative products modify many proteins anaing, T-75 flasks were filled with medium and shipped by overnight express
alter function. For example, glial peroxidative damage to theé ey © 5 e 2 B o . Gells were then main
glmamate transporter GLT-1in AD br_eMS] may result ”_1 ele- tained in an incubator for 5 days in an atmosphere of 5% @@d 95%
vated extracellular glutamate levels in the synapse. F|br0blasF§Jmidity. The swAPP mutation bearing fibroblasts=6) and control fibrob-
isolated from patients with sporadic AD have reduced glutaitasts ¢=6) were isolated from six individuals, thus theof six represents
mate uptake in the presence of Hlf\g_—:47]_ Bombesin-induced six individuals per group. All measurements were made between passages 8
C&* release from the ER (BRCS) is inositol trisphosphate-2"d 20-
mediated and is greatly enhanced in fibroblasts from AD patients o .
[41] and in neurons and fibroblasts from PS-1-transgenic micé2- Cellular lipid extraction
[11’46’7.6] Thus’ these similariies betwee.r_] AD k_)ram and Cellular lipids were extracted as described previoj$h;,58,60] Briefly,
AD derived fibroblasts demonstrate the utility of flbrObIa-Stscells were rinsed twice with phosphate buffered saline to remove all traces of
from AD patients to address the mechanisms underlying ADnedium, the washes were removed, and then the cells were frozen by floating the
pathology. flask on liquid Nb. The flasks were removed from the liquid Bind 2-propanol
Abnormal brain phOSph0|ipid metabolism is implicated in (2ml) was added to the frozen cells. The cells were removed from the flask

AD. Numerous alterations in brain lipids occur in AD, including Y S¢raping and the 2-propanol containing the cells was transferred to a tube
containing hexane (6 ml). The flask was rinsed with 2-propanol (2 ml) to remove

changes in: phospholipicﬂ$9,20,33,36,74,77,81,&2}}hospho- any remaining cells and the rinse was added to the tube containing the previous
lipid fatty acid compositiorj75], cholestero[77,81]and phos-  aliquot of 2-propanol resulting in an extraction solventédfexane:2-propanol
pholipid catabolite§4,62]. Phospholipid levels are decreased (3:2, v/v). Extracts were stored in tubes containing a nitrogen atmosphere at
in frontal lobe white matter and hippocampus from brains of~80°C until analyzed.

patients with AD[77]. Furthermore, the mole composition of

ethanolamine glycerophospholipids is decreased, while mol@3- Sample preparation and protein analysis

percentigfe of p?fOSph;tldy.lse“n?'la\st;r;:)cresa;eg Irésyr.]aptqsomeSThe cellular debris and denatured proteins were pelleted by centrifugation
prepared from aifecte reg|on§ 0 I‘éi. ] eductions in and the lipid containing solvent was removed and saved for analysis. Residual
mole percentage of ethanolamine plasmalogen may account fgfganic solvent was evaporated from the protein pellet overnight at room tem-
this observed decrease in ethanolamine glycerophospholipigigrature and the pellet was dissolved in 0.2 M KOH (2 ml) overnight 2666
[33,34,36]as well as for the decrease in critical temperaturetigh“y capped test tubes. Protein concentration was measured using a modified
required for proper membrane formation seen in affected region@/e-binding assalp]. Absorbance was converted to milligrams using a standard

- . . curve based on bovine serum albumin.
from AD brain[32,34] Unfortunately, post-mortem tissue is not
conducive to study phospholipid biosynthesis, especially plas;

. . . . o 2.4. Phospholipid and cholesterol analysis
malogen biosynthesis, which depends upon reactions in intact protp Y

a_md funCtional_ peroxisomes ahd microsonjég]. Because Prior to high performance liquid chromatography (HPLC), sample volume
fibroblasts derived from AD patients have been used to examwas reduced under a stream of nitrogen and then filtered throughar0.2
ine multiple biochemical abnormalities in AD, these cells mayNylon filter. Samples were then reduced in volume to dryness and redissolved in

also serve as a model system to study altered phOSphO|ipRj3 ml of solvent. Phospholipids were separated using a gradierteftane:2-
metabolism in AD propanol (3:2, v/v) and-hexane:2-propanol:water (3:2, v/v+5.5%) as previ-

. o . ously described18,59] The HPLC system consisted of a Selectosil column
Few studies have been done on phospholipid metabolism i ,m, 4.6 mmx 250 mm, Phenomenex, Torrance, CA), a Beckman 126 pump

fibroblasts from AD patients. We reported that there were ngFrullerton, CA), and a Beckman 166 UV/\Vis detector. The ethanolamine glyc-

changes in phospholipid composition or mass, including plaserophospholipid (EtnGpl) and choline glycerophospholipid (ChoGpl) fractions

malogens, in fibroblasts bearing presenilin-1 mutat{66%. In were quantitatively divided in half. One half was used to determine plasmalogen
9 9p [ ﬂ$ mposition/59], while the remaining half was used to quantify lipid phospho-

h h hospholip;

the Currem StUdy’ we mgasured the steady-stgte phospho Ipl’@S[G?]. The neutral lipid fraction from the phospholipid separation was saved
mass of fibroblasts bearing the swAPP mutation and contralng cholesterol mass determined using an iron binding 4Ssa§hospholipid
fibroblasts to determine if this fibroblast might be a usefulmass was determined by measuring lipid phosphorus in each fr§@#ipn
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