
_7 Clin Pathol: Mol Pathol 1 996;49:M35 1-M356

Significantly reduced expression of the
proteoglycan decorin in Alzheimer's disease
fibroblasts

Enrique Brandan, Francisco Melo, Maria Garcia, Maribel Contreras

Abstract
Aims-To investigate whether proteogly-
can synthesis is altered in skin fibroblasts
in patients with Alzheimer's disease com-
pared with normal subjects.
Methods-Cell lines obtained from donors
with Alzheimer's disease and healthy con-
trols were incubated with radioactive
sulphate. The proteoglycans synthesised
were determined and analysed by chro-
matographic, sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-
PAGE) and glycosaminoglycans-lyase
treatment. The amount ofdecorin synthe-
sised by each cell line was quantified using
western blot analysis. Transcripts for
human decorin were determined using
northern blot analysis.
Results-No significant changes in total
sulphate incorporation and glycos-
aminoglycan (GAG) composition were
detected in the incubation media of these
cells. However, chromatographic and
SDS-PAGE analysis of the proteoglycans
secreted by the cell lines showed that a
dermatan sulphate proteoglycan of 150-
125 kilodaltons was substantially reduced
in Alzheimer's disease fibroblasts. The
molecular characteristics of this prote-
oglycan correspond to decorin. Western
blot analysis indicated that decorin was
reduced in Alzheimer's disease incubation
medium compared with normal medium.
Northern blotting indicated that in Alzhe-
imer's disease fibroblasts decorin tran-
scripts were significantly reduced com-
pared with normal fibroblasts. Glypican
concentrations, a cell surface heparan
sulphate proteoglycan, remained the
same.
Conclusions-These results strongly sug-
gest that the expression and synthesis of
decorin is affected in Alzheimer's disease
skin fibroblasts.
(7 Clin Pathol: Mol Pathol 1996;49:M35 1-M356)

Keywords: proteoglycans, decorin, cell adhesion, Alzhe-
imer's disease, fibroblasts.

The possible role of extracellular matrix
(ECM) components in some neurological dis-
eases, including Alzheimer's disease, has come
under increasing scrutiny."2 In Alzheimer's dis-
ease several proteoglycans and ECM molecules
have been associated with neuritic plaques.2
The direct interaction ofheparan sulphate pro-

teoglycans with the P-amyloid precursor pro-
tein (n-APP), an essential component of
neuritic plaques, has been shown in vitro5 and
in vivo6 after infusions of 3-APP plus a specific
heparan sulphate proteoglycan. This suggests
that heparan sulphate proteoglycans are key
elements in the formation of the amyloid
plaques that are characteristic of Alzheimer's
disease, providing that the nucleation events,
needed for facilitation of protein conforma-
tions, induce fibril formation and/or decrease
amyloid susceptibility to proteolysis. Changes
in proteoglycan synthesis may promote neu-
rofibrillary tangles and cerebrovascular amy-
loid deposition.
On the other hand, several biochemical

changes in non-neuronal tissue have been
shown in Alzheimer's disease. 9 Cultured
fibroblasts from familial Alzheimer's disease
were less able to adhere to substrata than age-
matched healthy control fibroblasts.' " The
cell adhesion process is the result of several
interactions between molecules present at the
cell surface and in the ECM; among the cell
surface receptors, integrins and proteoglycans
are the most well known,1>14 whereas mol-
ecules in the ECM, such as laminin, fibronec-
tin, and several types of proteoglycans, have
been reported to participate in the adhesion
process.'5 A previous report evaluated the pro-
teoglycan composition of isolated fibroblasts
from Alzheimer's disease and found a small
increase in sulphate incorporation into prote-
oglycans compared with normal controls."'
However, the analysis was mainly focused on
glycosaminoglycan (GAG) composition rather
than the characteristics of intact proteoglycans.
Therefore, we decided to evaluate and charac-
terise the proteoglycans synthesised and se-
creted by fibroblasts from patients with Alzhe-
imer's disease, and to compare the findings
with those from healthy controls.

Methods
The following material were purchased:
Na2f5SO4 carrier free was obtained from New
England Nuclear, Boston, Massachusetts,
USA. [32P]-dCTP (6000 Ci/mmol) was ob-
tained from Amersham, Buckinghamshire,
England. Chondroitinase ABC lyase, chon-
droitinase AC lyase, benzamidine hydrochlo-
ride, DEAE-Sephacel and Sepharose CL-6B
were obtained from Sigma Chemical Co, St.
Louis, Missouri, USA. Heparitinase was pur-
chased from Miles Laboratories, Napierville,
Illinois, USA. Polyclonal rabbit antiserum
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Table 1 P'0S]-Sulphate incorporation into proteoglycan and glycosaminoglycan distribution
in normal and Alzheimer's fibroblasts

Normal Alzheimer's disease

AG4444 AG6010 AG4401 AG5770

Sulphate (cpm/pg protein)
Total 891(44) 790 (47) 669 (34) 606 (48)
PI-PLC released 213 (13) 197 (31) 296 (24) 286 (42)

GAG (%)
Heparan sulphate 16.0 (3.5) 14.4 (2.6) 16.1 (2.7) 14.4 (3.3)
Chondroitin and dermatan 79.5 (5.1) 82.0 (5.5) 73.4 (5.1) 68.7 (4.3)

sulphate
Chondroitin sulphate 12.1 (3.1) 12.8 (4.3) 16.4 (3.9) 12.7 (3.1)

The values correspond to the mean (SD) radioactivity of five flasks of each line. PI-PLC treatment
comprised incubation of each plate with 2.5 units/ml PI-PLC, as described before.20 Radioactiv-
ity is expressed in dpm/lpg protein.

against decorin was a generous gift of Professor
Hans Kresse (University of Munster, Ger-
many). Human decorin cDNA was a kind gift
of Dr Tom Krusius (University of Helsinki,
Finland).

CELL LINES
Skin fibroblasts from subjects with Alzheimer's
disease and age-matched controls were ob-
tained from the Human Mutant Cell Reposi-
tory, Institute for Medical Research, Camden,
New Jersey, USA. These were AG4444 and
AG60 10 from two normal subjects aged 62 and
63 years of age, and AG4401, AG5809, and
AG5770 from three subjects with familial
Alzheimer's disease aged 53, 63, and 70 years,
respectively. In these last two cases, Alzheim-
er's disease was confirmed at necropsy from

Normal subjects Patients with
Alzheimer's disease
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Figure1 Chromatographic profiles of secreted proteoglycans by Alzheimer's and normal
fibroblasts. Fibroblasts from normal (AG6010) and Alzheimer's disease (AG5770) were
labelled with radioactive sulphate and the incubation media collected. Aliquots equivalent in
CPC-precipitable counts were fractionated on Sepharose CL-6B and radioactivity
determined. Similar results werefound when the corresponding cell lines were analysed.

brain tissue by the presence of Alzheimer's dis-
ease plaques. All the cell lines used presented a
normal diploid karyotype. Cells were studied at
passage 10 through 14. Previous studies have
indicated that Alzheimer's disease fibroblasts
do not age in culture more rapidly than cells
from age-matched controls.'7 Fibroblasts were
twice cultured in Eagle's minimum essential
medium with essential and non-essential vita-
mins and amino acids, 15% fetal calf serum,
penicillin (100 U/ml) and streptomycin (100
jg/ml).

PROTEOGLYCAN LABELLING
Dishes 80 cm2 containing a confluent mono-
layer of each cell line and seeded at a constant
density of 1 x 104 cells/cm2 9 1 for six hours,'0 "
were radiolabelled in the presence of 10 iCi/ml
of 35S-sulphate for 18 hours. The medium was
removed and dialysed with 2 litres of 10 mM
TRIS-HCl, pH 7,4, 0.1 M NaCl, including
protease inhibitors at 4°C. The samples were
concentrated in a Amicon filtration system and
separated on SDS-PAGE and exposed to x-ray
film, as described before.'9 The recovery of the
sulphated material after dialysis and concentra-
tion ranged between 80 and 87%. Chondroiti-
nase ABC, AC, and heparitinase treatments of
labelled proteoglycans obtained from the cell
cultures were done exactly as described
before.20 Glypican was determined after release
from the fibroblast surface by
phosphatidylinositol-specific phospholipase C
(PI-PLC), as described before.20

GEL FILTRATION CHROMATOGRAPHY
The radiolabelled samples were concentrated
in a small DEAE-Sephacel column equili-
brated in the above buffer; bound material was
eluted with the same buffer containing 1.0 M
NaCl and then fractionated on analytical
Sepharose CL-6B (1.0 x 100 cm) prepared in
1% SDS, 0.1 M NaCl, and 50 mM TRIS-HCl
buffer, pH 8.0. Samples (0.5 ml) were applied
to the column together with previously frac-
tionated Blue Dextran (2000) and Phenol Red,
to mark void and total volumes, respectively.
Columns were eluted at a flow rate of 5.0
ml/hour and effluent fractions of 1.0 ml were
collected and counted for radioactivity.

WESTERN BLOT ANALYSIS
Incubation medium obtained from normal and
Alzheimer's disease fibroblasts was concen-
trated in Amicon and incubated with chondroi-
tinase ABC, followed by electrophoresis on 8%
polyacrylamide gel; proteins were transferred
to nitrocellulose, incubated in Blotto (20 mM
TRIS-HCl, pH 7.4, 0.1 M NaCl, 5% non-fat
dry milk) at room temperature to block
non-specific binding, and incubated with
rabbit anti-decorin antiserum (1 in 100 dilu-
tion in Blotto).21 The bound antibody was
visualised with affinity purified phosphatase
alkaline conjugated goat anti-rabbit IgG.
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Figure 2 Diminished secretion of a dermatan sulphate proteoglycan byAlzheinter's diseasefibroblasts comipared with
normalfibroblasts. (A) Normal (1, AG6010; 2, AG4444) anid AlzheiMer's disease (3, AG5770; 4, AG4401) fibroblasts
were intcubated with radioactive sulphate and the secreted media equivalent to the samiie amount ofproteins were separated
on SDS-PAGE. The arrow inidicates the absence of a 150-125 kilodaltonz proteoglycan. (B) Normlal (lanes 1 anid 2
AG601 0) and Alzheimer's disease (AG5809, 3 and 4) fibroblasts were incubated with radioactive sulphate and analysed
as explainied in A. Equivalent aliquots were treated with conidroitinlase ABC (lanies 2 and 4) or buffer alonie (lanes 1 anid
3). (C) Normal (lanes 1-4;AG4444) and Alzheinmer's disease (lanes 5-8;AG5770) media were concentrated and an

equivalent amount of sulphate (cpm) precipitable by, CPC were treated with buffer alone (lanes 1 and 5); chonidroitinase
ABC (lantes 2 and 6); chondroitiniase AC (lanes 3 and 7) or heparitinase (lanes 4 and 8) before SDS-PAGE.

RNA ISOLATION AND NORTHERN BLOT ANALYSIS

Total RNA from normal and Alzheimer's
disease fibroblasts was isolated, as described
before.22 Total RNA was fractionated in 1%
agarose-formaldehyde gels and transferred to
Hybond-N membranes. A human decorin
cDNA probe was radiolabelled by oligonucle-
otide random primer extension. Prehybridisa-
tion was carried out for three hours at 50°C in
the presence of 5 x SSPE (0.18 M NaCl, 0.01
M sodium phosphate, 1 mM EDTA, pH 7.7),
1% SDS, 10% dextran sulphate, 5 x Den-
hardt's solution and 0.1 mg/ml of single
stranded salmon DNA. Hybridisation was car-

ried out overnight at 44°C in the above solution
containing 1 x 106 cpm/ml of the 32P-labelled
probe. Blots were washed twice at 50°C in 100
ml of 2 x SSPE, and three washes of 50 ml of
0.5 x SSPE, 0.1% SDS for five minutes. Blots
were exposed at a temperature of-30°C.

Results
Total sulphate incorporation into proteogly-
cans was determined in the incubation media
obtained from two confluent Alzheimer's
disease fibroblast cell lines and after compari-
son with two normal age-matched fibroblast
cell lines. Table 1 shows no significant
difference in total incorporation. Analysis of
GAG composition of these media treated with
heparitinase, chondroitinase ABC, and chon-
droitinase AC also indicated that no important
differences existed between these two groups of
cell lines. However, when samples obtained
from each group were fractionated on Sepha-
rose CL-6B, a different chromatographic
profile was observed (fig 1). The radiolabelled
material from normal fibroblasts shows two
main peaks, a small one with a Kavf close to the
V,, and a large one eluting with a Kavr of 0.3. An
inverse relation was found when the material
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Figure 3 Alzheimer's disease fibroblasts secrete reduced
amount of decorin compared with normalfibroblasts.
Incubation media from normal (lane 1, AG6010) and
Alzheimer's disease (lane 2, AG5770) fibroblasts were
concentrated and incubated with chondroitinase ABC to
degrade the dermatan suphate chain andfollowed by
SDS-PAGE. The proteins were transferred to nitrocellulose
and incubated with antibodies against decorin. The
characteristic doublet (48 and 43 kilodaltons) is shown.

obtained from Alzheimer's disease fibroblasts
was fractionated on the same column. The first
peak increased with a concomitant decrease in
the second one. Analysis of the GAG composi-
tion showed that both peaks were sensitive to
chondroitinase ABC, but chondroitinase AC
treatment did not alter the chromatographic
pattern (fig 1). The first peak probably
corresponded to biglycan whereas the second
was probably decorin. Heparitinase and/or
nitrous acid treatment of both materials
degraded between 10 and 15% of the material
from normal and Alzheimer's disease fibrob-
lasts (data not shown). The same results were
found when proliferating fibroblasts were ana-
lysed. These results suggest that the proteogly-
cans synthesised and secreted by these cells
correspond mainly to dermatan sulphate prote-

oglycans. Table 1 also shows that the amount of
glypican, determined after PI-PLC treatment
of the cells, was similar in all the cell lines stud-
ied.
To visualise whether the different chromato-

graphic patterns observed corresponded to the
presence of proteoglycans of different sizes,
and to obtain a better separation, the samples
corresponding to the same amount of protein
were separated on SDS-PAGE and detected by
fluorography Lanes 1 and 2 (fig 2A) cor-
respond to normal fibroblasts; lanes 3 and 4
correspond to two different cell lines obtained
from patients with Alzheimer's disease. In nor-
mal media two main proteoglycans of 280-220
kilodaltons and 150-125 kilodaltons, respec-
tively, were visible. However, in the media
obtained from both Alzheimer's disease cell
lines, the higher molecular weight proteoglycan
was more abundant with a relatively small
amount of the 150-125 kilodalton protein.
Similar results were found when normal
fibroblasts were compared with another cell
line obtained from patients with familial
Alzheimer's disease (fig 2B, lanes 1 and 3). The
proteoglycan corresponding to 150-125 kilo-
daltons was totally digested by chondroitinase
ABC (lanes 2 and 4). The sensitivity to several
GAG lyases is shown in fig 2C. Samples from
normal (lanes 1-4) and Alzheimer's disease
(lanes 5-8) fibroblast incubation media were
incubated with buffer alone (lanes 1 and 5),
chondroitinase ABC (lanes 2 and 6), chondroi-
tinase AC (lanes 3 and 7) or heparitinase (4
and 8) before SDS-PAGE. When control sam-
ples were analysed, a decrease in the 150-125
kilodalton proteoglycan in the incubation
medium from Alzheimer's disease fibroblasts
compared with normal fibroblasts (lanes 1 and
5) was observed. This proteoglycan was totally
degraded by chondroitinase ABC (lanes 2 and
6), but was resistant to chondroitinase AC and
heparitinase treatments ( lanes 3 and 4; 7 and
8). These results suggest that in Alzheimer's
disease fibroblasts the proteoglycan of 150-125
kilodaltons, which contains dermatan sulphate
GAGs, is reduced. The characteristics of this
proteoglycan correspond to those of decorin.23
Thus the 280-220 kilodalton proteoglycan
corresponds to biglycan whereas the 150-125
kilodalton corresponds to decorin. The same
result was observed in proliferating fibroblasts,
suggesting that the decrease observed in the
amount of decorin is independent of the prolif-
erative state of the cells.
To confirm that the synthesis of decorin was

diminished in Alzheimer's disease fibroblasts,
we determined the amount of decorin in the
incubation media from normal and Alzheim-
er's disease fibroblasts. Samples were concen-
trated and separated on SDS-PAGE after
chondroitinase ABC treatment. The separated
proteins were transferred to a nitrocellulose
membrane and incubated with antiserum
against rat decorin, followed by a second anti-
body conjugated with alkaline phosphatase to
reveal the core protein. Figure 3 (lane 1) shows
that normal fibroblasts synthesise and secrete a
much higher decorin concentration than
Alzheimer's disease fibroblasts (lane 2), as
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Figure 4 Alzheimer's disease fibroblasts show a reduced number of transcriptsfor decorin.
Normal (lane 1, AG6010) and Alzheimer's disease (lane 2, AG5770) fibroblasts were
cultured to confluence and total RNA was isolated. The left panel shows northern blotting
using human decorin as a probe; the right panel shows ethidium bromide staining of the geL

shown by the appearance of the characteristic
doublet of 48 and 43 kilodaltons seen in
human decorin core protein.24 Similar results
were found when the other cell line of
Alzheimer's disease was analysed. Decorin was

not detected in detergent cell extracts obtained
from normal and Alzheimer's disease fibrob-
lasts (data not shown).

Finally, the concentrations for decorin mes-

senger RNA in normal and Alzheimer's disease
fibroblasts were determined. Total RNA was

isolated from both types of fibroblast. Blot
hybridisation analysis of these RNAs, using a

cDNA against human decorin, indicates that
normal human fibroblasts express transcripts
of 1.6 and 1.9 kilobases (fig 4, lane 1), as

described before,23 but these transcripts are

much reduced in Alzheimer's disease fibro-
blasts (fig 4, lane 2). The ethidium bromide
staining indicates that equal amounts of total
RNA were fractionated. Similar results were

observed with the other Alzheimer's disease
cell lines (data not shown).

Discussion
Analysis of the proteoglycan described in this
study shows that it corresponds to decorin, a

dermatan sulphate proteoglycan.24 The dimin-
ished presence of decorin in the incubation
medium of Alzheimer's disease fibroblasts
seems to be specific and was observed in both
cell lines independent of their proliferative
state. No significant changes were detected in

the total incorporation of sulphate into proteo-
glycan nor in the synthesis of glypican, a mem-
brane bound heparan sulphate proteo-
glycan.Y Similar concentrations of the 250-220
kilodalton proteoglycan were detected in all the
cell lines evaluated. The size of this proteoglycan
and total sensitivity to chondroitinase ABC and
resistance to chondroitinase AC treatment sug-
gest that it is biglycan.25 Decreased decorin con-
centration seems to reflect low concentrations of
messenger RNA, as determined in northern blot
analysis.
Decorin is a proteoglycan present in the

ECM of several tissues, including blood vessel
walls, tendon, sclera, skeletal muscle as well as
other interstitial tissues.'9 22 26 Decorin can
interact with several ECM molecules, such as
collagen types I, Vl, and XIV, fibronectin, and
transforming growth factor-5 (TGF-[),27-30
suggesting that this proteoglycan is a key mol-
ecule for ECM organisation and for the
binding and/or presentation of soluble factors
to the cell. The adhesion ofAlzheimer's disease
fibroblasts from patients with familiar Alzhe-
imer's disease is significantly suppressed com-
pared with age-matched controls.'01 Because
there are multiple binding sites for ECM mol-
ecules present on the decorin molecule, an
altered ECM could receive deposits from the
Alzheimer's disease fibroblasts, which would
affect the normal interaction with the ECM
receptors on the cell surface.'2 14 Furthermore,
in those experiments where adhesion of the
fibroblasts was reduced, changes in the ar-
rangement of cytoskeletal vimentin were also
observed.' " Because changes in the expres-
sion of surface proteoglycans strongly influence
cytoskeletal organisation,3' altered synthesis of
decorin, as shown in this study, may directly
affect the interaction between the cell and the
ECM, changing the intracellular arrangement
of the cytoskeleton and therefore cellular
behaviour. On the other hand, decorin can
bind soluble factors such TGF-j, regulating
their biological activity..... The diminished
expression of decorin in Alzheimer's disease
fibroblasts might have a strong effect on the
interaction between the cell and the ECM. It
would be interesting to determine whether the
addition of purified decorin to these cells
enhanced the adhesion phenomena. Because
decorin has multiple functions, it would be
intriguing to investigate whether the character-
istics of the skin of Alzheimer's disease patients
shows some degree of alteration. Experiments
to determine the organisation of the skin as well
decorin concentrations and/or their transcripts
would be worth doing on skin from Alzheimer's
disease patients. If such a change is observed it
would be essential to determine when these
alterations began and to understand whether
these parallel the onset of the disease.
Apart from the possible consequences on

fibroblast adhesion, as a result of altered prote-
oglycan synthesis, proteoglycans have a direct
role in the formation of the typical amyloid
containing plaques and neurofibrillary tangles
in Alzheimer's disease. Decorin has been dem-
onstrated in the periphery of amyloid contain-
ing plaques and neurofibrillary tangles of
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Alzheimer's disease35 while other proteoglycans
and ECM molecules have been described in
association with the plaques.' 2 The direct
interaction of heparan sulphate proteoglycans
with 3-APP has been shown both in vitro5 and
in vivo' after infusions of n-APP plus specific
heparan sulphate proteoglycan, suggesting that
heparan sulphate proteoglycans are key ele-
ments in the formation of amyloid plaques in
Alzheimer's disease. Changes in proteoglycan
synthesis may precipitate amyloid deposition in
neurofibrillary tangles and the cerebrovascular
system. Whether the decreased expression of
decorin observed in Alzheimer's disease fibro-
blasts is characteristic of Alzheimer's disease
fibroblasts or corresponds to altered cell adhe-
sion is not known. Whatever the reason for the
observed decrease in decorin synthesis, this
type of study needs to be extended to other
forms of Alzheimer's disease, such as sporadic
Alzheimer's disease. If this observation is con-
firmed, it might represent a potential diagnos-
tic marker. The fact that decorin is found in
association with amyloid containing plaques in
the brain raises interesting questions about the
source of this proteoglycan in the central nerv-
ous system. In situ hybridisation experiments
have shown that decorin is expressed in several
cell types in the central nervous system, such as
the spinal cord, the ventral horn motor
neurons, neurons in grey matter, Purkinje neu-
rons and cells of the molecular layer in cerebel-
lum, and in neurons of the primary olfactory
cortex and brainstem.3" Therefore, the exact
source of decorin found in the plaques need
not necessarily be attributable to fibroblasts
and therefore it would be necessary to
determine whether fibroblasts present in the
central nervous system of Alzheimer's disease
patients synthesise low concentrations of deco-
rin as did the skin fibroblasts studied here.
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