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Abstract

Apolipoprotein (Apo) E and ApoJ are lipid- and cholesterol-carriers in the central nervous system and are implicated in age-related
neurodegenerative diseases. The primary source of secreted ApoE and ApoJ (clusterin) in the brain is glia. Regulation of these apolipoproteins
in mixed glial cultures from rat cerebral cortex differed most strongly between neonatal- and adult-derived glia. Basal secretion of ApoJ was
two-fold greater in neonatal than adult glia. Responses to cytokines also differed by donor age. In adult glia, IL-6 increased ApoE secretion,
but slightly decreased ApoJ. Both Il3and TNFe treatments increased ApoJ secretion from adult glia, with little effect on ApoE. In contrast
to adult glia, neonatal ApoJ secretion did not respond to@l HL-6, or TNFx, and ApoE secretion from neonatal glia was slightly increased
by IL-6. These differences may contribute to age-related neuroinflammatory processes, and are pertinent to the general use of neonatal-derivec
primary glia in models for neurodegenerative disease.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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Apolipoprotein E (Apo E) and ApoJ are the primary ApoE and ApoJ expression increases during aging and in
apolipoproteins in the human cerebrospinal fluid and are neurodegenerative disorders. Both are found in senile plaques
secreted by astrocytes as distinct lipopartigle3. ApoE- and neurofibrillary tanglef®,20,25] Apod is also in cortical
lipoparticles are rich in cholesterol and phospholipids, Lewy bodies associated with dementia (DLBJ]. In the
whereas the ApoJ-lipoparticles have less phospholipid andPDAPP transgenic model of AD, ApoE and ApoJ gene defi-
negligible cholesterdl7]. Currently, the normal functions of  ciencies had additive effects on earlier amyloid deposition in
ApoE inthe brain are better defined than for ApoJ. Both ApoE association with elevated cerebrospinal flui 8]. There

and ApoJ are detected early in development (E12—E13), sug-was no indication that the ApoE and ApoJ deficient mice had
gesting roles in neuronal differentiatifti7,26] Both are in- altered APP metabolism. Both ApoE and ApoJ can bind to
duced by axonal pathway lesions that stimulate compensatoryand alter the aggregation of3A/5,35]. ApoJ, in particular,
sprouting[15,21,29,32,37,44]n vitro, synaptogenesisis re- promotes an f aggregation pathway leading to neurotoxic
duced in hippocampal slices from ApoE knockout njit2]. oligomerg[14,27]

A critical function for ApoE in neurite outgrowth and synap- During normal aging, ApoE and ApoJ expression in-
togenesis involves cholesterol transport from astrocytes tocreases in select brain regidi28,31,39] Since aging is the
neurong19]. major risk factor in AD[12] and DLB [43], age-related in-

crease in ApoE and ApoJ may be involved in progression
of these neurodegenerative disorders. To test whether this is
- _ an inherent change that the glia have gained with age, we
* Corresponding author. Tel 1 213 740 4083; fax: +1 213 740 0853. originated alial cultures from neonatal. voun (3-month-0|d)
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tional Cancer Center, Duarte, CA 91010, USA. and secretion of ApoE and ApoJ. Glia originated from adult
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brains retain an activated phenotype as observed in8#ip ApoE in Media
but no study has examined whether increased ApoE and Apo. @
are part of this activated phenotype.

We included neonatal glia in this comparison because of
potentially important early changes in mediators of neuroin-
flammation. For example, in response t@,Aadult-derived
rodent glia secreted 60% more MCP-1 (chemoattractant pep-
tide) than neonatal gli§d6]. Mixed glia, showed progres-
sively increased IL-6 production from 0.5-, 3-, and 9-month-
old rats[33,49] At later ages, IL-6 expression continued to
increasg47,49] IL-1B8 and TNFe also increase during aging,
giving the impression of progressively increased inflamma-
tory cytokine expression during agifdb]. ApoE and ApoJ
are responsive to these cytokines in glia and other cell-types Apod in Media
[2,3,18,28] 60

ApoE and ApoJ in conditioned media were assayed by &
Western blots against standards of purified human ApoJ
[27] or recombinant human ApoE3 (Chemicon International,
Temecula, CA) (anti-ApoE from Academic Biosciences Inc.;
anti-ApoJ from Santa Cruz Biotechnology). Basal secretion
of ApoE was 35% lower in neonatal than adult glia (not signif-
icant,Fig. 1A), whereas basal secretion of ApoJ was greater in
neonatal Fig. 1B). Media ApoE and ApoJ represent <1% of
the media proteins. Silver staining of the electrophoresed me-
dia proteins did not reveal major age differences (not shown), 0 -
confirming that this effect is specifically due to age-related (B) Neonatal Young Old
changes. ApoJ in media was higher than ApoE at all ages
(J:E, 15:1 in neonates; 3:1 in adults)g. 1C).

Cellular immunostaining for ApoJ was much weaker than 20 *
for ApoE (Fig. 2), although both ApoE and ApoJ mRNAs
were detected by in situ hybridization in nearly all cells of W
all ages (not shown). This striking difference in cell content £
was also seen in hepatoma cells, in association with a shorte 3 ‘0 -
intracellular half-life and faster secretion of ApoJ than ApoE £
[4,38]. Because of the modest neuronal expression of ApoE
[11] and ApoJ[31,39] and robust secretion of ApoE and
Apod from cultured astrocytes, most of the brain ApoE and

—_
o
1

ApoE in Media (ng/1000 cells

Neonatal Young Old

30 1

20 A

Apod in Media (ng/1000 cell

Apod : ApoE

Apod are attributed to glifl3,40] The ApoE and ApoJ se- 0 -

cretions from adult glia are ca. 0.5ng/24 h/1000 cell<(5 (C) Neonatal Young Old

10'2 molecules/24 hicell), consistent with data of DeMattos

et a|_[7]' Fig. 1. Secretion of apolipoproteins (Apo)E and J by mixed glia derived from

Donor age progressively decreased ApoJ mRNA per cell neonatal, young (3-month-old), and old (24-month-old) rats. (A) ApoE and
Fig.3). Thi tt ith the ob d ApoJ (B) ApoJ accumulation in serum-free medium (supplemented with insulin,
( 9. ) ISage parernagreeswi eobserved Apo S(:"Cre'putrescine, transferring and selenium: IPTS, Sigma) during 24 h was deter-

tion pattern in culture. In support, recent gene array analysis mined by Western blot analysis. The data are normalized to known amounts
shows that cultured neonatal astrocytes have two-fold higherof ApoJ purified from human plasma or recombinant human ApoE3. (C)

levels of apoJ mRNA compared to adi2it]. However, ApoJ Ratio of ApoJ:ApoE (ng/ng) in the same sample. Statistical analysis was
in vivo shows an opposite adult age trend: both ApoJ and done using ANOVA (StatView) and Neum:_:m—KeuIs post hoc test. The data
ADOE MRNAs increase in aging rat striatum and corpus cal- are ave*rage of 7 (ApoE) 10 (ApoJ) experiments (2—-3 wells/experirdent)

p A ging o p S.E.M.”p<0.05, neonatal vs. adult cultures.
losum[23,30], and ApoJ immunoreactivity increased in cor-
tical neurong39]. This difference between the culture model
and in vivo was unexpected, because age-increases of GFARf ApoE or ApoJ Fig. 4A and B). Adult glia were more re-

expression in rodent brain regiof3,34] and IL-6[47,49] sponsive to these cytokines: IL-6 increased ApoE secretion

persist in vitro. from adult glia, while there was a trend for decreased ApoJ.
We next examined responses to cytokines that increaselL-13 and TNFe, on the other hand, robustly increased ApoJ

with age in vivo. Treatment of neonatal glia with I13,1IL -6 levels, but were without an effect on ApoE. The IB-land

or TNFx (10 ng/ml) did not significantly alter the secretion TNFa-induced levels of ApoJ in adult glia reached the basal
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Fig. 2. Cultured mixed glial from young adult immunostained for ApoE or
ApoJ. ApoJ is retained by few cells in mixed glial cultures (A), while the
majority of the cells are positive for cellular ApoE (B) and (C) phase-contrast
image showing mixed glia confluency (same field as B). Similar results
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Fig. 3. Quantification of ApoJ in situ hybridizatig@3] signal in neonatal,
young and old mixed glia cultures. Grain-clusters over 50—60 individual cells
were quantified for each age-group using IPLab Imaging Software. Statistical
analysis was done using ANOVA (StatView) and Neuman—Keuls post hoc
test. Averager S.E.M.™ p < 0.0001 significantly higher than young and
old cultures. p < 0.05 significantly higher than old cultures. Representative
data from one of three separate experiments.

secretions of neonatal gli&ig. 4C, data normalized relative

to neonatal controls). Possibly, neonatal glia are secreting
ApoJ at maximum rates, while basal secretions of adult glia
decrease during maturation. Putative ceiling effect could ex-
plain the absence of ApoJ-response in neonatal glia tgIL-1
and TNFe.

Differences between neonatal and adult-derived glia have
been reported for neuroinflammation-related glial character-
istics. Neonatal glia had greater LPS-induced neurotoxicity
and NO productior{47,50] but less A-induced secretion
of the chemoattractant MCP{46]. Involvement of ApoJ in
inflammation extends to apoptosis in tumor cells. ApoJ ex-
pression is relatively high in intestinal neoplastic cells, and
decreased ApoJ levels in tumor-cells is correlated with apop-
tosis[6]. TNFa was identified as a serum factor that induced
cell-death in tumor$10]. Downstream activation of NkB
appears to be down-regulated by ApoJ-mediated stabilization
of IkB in neuroblastoma. TNk treatment of MCF-7 cells,

a breast cancer cell-line, decreased ApoJ secretion and in-
duced apoptosig8]. The nuclear form of ApoJ, but not the
secreted form, is implicated in apoptofl$]. In adult glia,
TNFa increased ApoJ secretion but did not increase intra-
cellular ApoJ without indications of cell loss (CyQUANT,
Molecular Probes, OR) or mitochondrial function (MTT as-
say) (data not shown).

These indications of increased responsiveness of ApoJ se-
cretion to IL-18, IL-6 and TNFe during maturation may be
the first example a postnatal acquired glial function. The ap-
parent switch of ApoJ from constitutive expression during

were observed for all three age cultures, suggesting that the differences aredeve|0pment to a regulated mode in adult glia is concurrent

not due to alteration in secretion. Representative images from one of 3—4
experiments. Scale bar = n.

with a 50% reduction in basal secretion in vitro. Both ApoE
and ApoJ are rapidly induced in response to focal pathway
lesions or traumatic injury and remain elevated for weeks
[15,21,29,32,37,44The induction of IL-B, IL-6 and TNFx

is notably faster, within 8 h of injurj41,48]and precedes the
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Apo E in media after cytokine treatment vation in vivo [23]. Maturation represented the largest age
300 change (neonatal versus adult), with increased responsive-
* ¥ ness of ApoE and ApoJ expression in adult cultures to inflam-
250 matory cytokines. It appears as though there is a switch from
%‘,200 a constitutively-on expression of ApoJ in neonatal cultures
i 8 control to low basal expression in adult glia that could be rapidly in-
8 150 wil-6 duced by IL-B and TNFe. In contrast, IL-6 down-regulated
. Bl ApoJ secretion and increased ApoE levels. This suggests that
’g’ 100 W TNF NF-kB- and Jak/STAT- activating pathways have opposite ef-
% 50 fects on ApoE and ApoJ secretion. However, ApoE release
2 from adult glia was not affected by ILgland TNFe. This
0 complex regulation of the two key brain-apolipoproteins by
(A) Neo Young oW inflammatory cytokines in glial cultures has direct implica-
tion for AD-pathology. These results suggest that the inter-
Apo J in media after cytokine treatment action between neurodegeneration and lipid-transport may
250 . be mediated through cytokines. Furthermore, the muted re-
L i sponse of neonatal glia to cytokines documents a physiolog-
6200 | * [T ical difference between the neonatal and adult glial cultures.
i 150 O control
g BIL-6
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