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Alzheimer’s disease (AD) is one of the disorders
caused by protein conformational changes and recent
studies have shown that several chaperone proteins
are involved in this process. As information of chaper-
one expression in AD brain is limited, we aimed to
study the expressional pattern of chaperones in sev-
eral brain regions, as this may be essential to under-
stand how folding defects can lead to disease. We
studied the concomitant expressional patterns of mo-
lecular chaperones in seven brain regions of adults
with AD using two-dimensional polyacrylamide gel
electrophoresis (2-DE) and matrix-associated laser de-
sorption ionization mass spectroscopy (MALDI-MS).
We unambiguously identified and quantified nine dif-
ferent chaperone proteins. Six chaperone proteins,
heat shock protein 60 (HSP 60), HSP 70 RY, heat shock
cognate (HSC) 71, alpha crystallin B chain, glucose
regulated protein (GRP) 75, and GRP 94 showed aber-
rant expressional patterns depending on brain region.
HSP 70.1, GRP 78 and T-complex 1 (TCP-1) epsilon
subunit did not show any significant expressional
change. These findings are compatible with neuro-
pathological and biochemical abnormalities in AD
brain and this report presents the first approach to
quantify nine different chaperones simultaneously at
the protein level in individual AD brain regions pro-
viding evidence for the relevance of aberrant chaper-
one expression to AD neuropathology.
Press
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It is generally accepted that several diverse disor-
ders have the same molecular basis: a change in pro-
tein conformation. These protein conformational dis-
eases include Alzheimer’s disease (AD), prion-related
disorders, systemic amyloidosis, serpin-deficiency dis-
orders, Huntington’s disease, and amyotrophic lateral
sclerosis (1-3). The hallmark event in protein confor-
mational disorders is a change in the secondary and
tertiary structure of a normal protein without alter-
ation in the primary structure and recently, many re-
ports have shown that molecular chaperones appear to
play a role in this conformational change (1-3).

In the case of AD, most molecular chaperone studies
have focused on their role in amyloid fibril formation.
The deposition of amyloid B peptide (AB) in extracellu-
lar plagues in the central nervous system and in the
walls of cerebral blood vessels is the main histological
characteristic of AD (4, 5). AB is derived by proteolytic
processing of the amyloid precursor protein (APP), a
transmembrane protein of unknown function. The bi-
ological activity of AB correlates with its conforma-
tional state. Monomeric AB;_, Or ABy_ 4, is in a random
coil or a-helical conformation and stimulates neuronal
outgrowth in vitro (6). A change into B-sheet conforma-
tion leads to the multistep assembly of fibrils (7) and a
concomitant toxic effect towards neurons in vitro (8).

Small heat shock proteins (sHSPs) HSP 27 and al-
pha crystallin B are most well studied in AD and the
expression of these chaperones has been proposed to
reflect the defensive response to diminish amyloid
fibril formation and subsequent toxicity (9, 10). Like
sHSPs, HSP 40, and HSP 70 have been reported to
inhibit self-assembly of poly-glutamine proteins into
amyloid like fibrils (11). Furthermore, recent studies
revealed that glucose regulated protein (GRP) 78 also
binds to APP and decrease AB,_4, and AB,_,, secretion
(12). In contrast to other chaperones, different func-
tions of HSC 73 and HSP 90 appear to be involved in
proteasome function and especially HSC 73 effectively
interacts with cytoplasmic domain of APP in the pres-
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ence of proteasome inhibitors (13). These findings sug-
gest that chaperones may function in the conforma-
tional maintenance of proteasome and also raises the
possibility of aberrant protein recognition by protea-
some.

Recently, the functions of several molecular chaper-
ones in AD neuropathology have been suggested but
unfortunately, very little is known about the expres-
sion patterns of individual molecular chaperones de-
pending on AD brain regions. Since the expression of
molecular chaperones under pathological conditions
might be essential to understand how folding defects
can lead to disease, we aimed to study the expression
patterns of molecular chaperones, including several
HSPs, GRPs, and chaperonins, in seven brain regions
of adults with AD using two-dimensional polyacryl-
amide gel electrophoresis (2-DE) and matrix-
associated laser desorption ionization mass spectros-
copy (MALDI-MS).

In this paper we report aberrant expressional pat-
terns of molecular chaperones compatible with histo-
neuropathological and biochemical abnormalities
present in the brain of AD patients and discuss the
relevance of their expression to AD neuropathology.

MATERIALS AND METHODS

Human brain sample. Seven individual brain regions (frontal,
temporal, parietal and occipital cortex, cerebellum, thalamus, and
caudate nucleus) were obtained from the Medical Research Council’s
London Brain Bank for Neurodegenerative Diseases, Department of
Neuropathology, Institute of Psychiatry (London, UK). The major
cause of death in AD patients was bronchopneumonia. Age-matched
controls were individuals with no history of neurological or psychi-
atric illness and the major cause of death was heart disease. AD
patients satisfied the National Institute of Neurological and Com-
municative Disorders and Stroke and the Alzheimer Disease and
Related Disorders Association (NINCDS/ADRDA) criteria for prob-
able AD (14). The historical diagnosis of AD was established consis-
tent with the CERAD criteria (15) for a 'definite’ diagnosis of AD.
Brain pH was measured essentially as reported (16). Since all not
samples was available in seven individual brain regions and in a few
2-D gels, some protein spots were not clearly separated, detailed
information of samples used in the determination of molecular chap-
erone expression level is summarized in Table 1. All samples were
stored at —70°C until use.

Two-dimensional gel electrophoresis. Brain tissue was suspended
in 0.5 ml of sample buffer consisting of 40 mM Tris, 5 M urea (Merck,
Darmstadt, Germany), 2 M thiourea (Sigma, St. Louis, MO), 4%
Chaps (Sigma), 10 mM 1,4-dithioerythritol (Merck), 1 mM EDTA
(Merck) and a mixture of protease inhibitors, 1 mM PMSF and 1 pg
of each pepstatin A, chymostatin, leupeptin, and antipain. The sus-
pension was sonicated for approximately 30 s and centrifuged at
100,000g for 10 min and the supernatant was centrifuged further at
150,000g for 45 min. The protein content in the supernatant was
determined by the Coomassie blue method (17). The 2-DE was per-
formed essentially as reported (18). Samples of 1.5 mg were applied
on immobilized pH 3-10 nonlinear gradient strip (IPG, Pharmacia
Biotechnology, Uppsala, Sweden), at both, the basic and acidic ends
of the strips. The proteins were focused at 3500 V within 6 h.
Focusing was continued at 5000 V for 48 h. The second-dimensional
separation was on 9-16% linear gradient polyacrylamide gels (chem-
icals from Serva, Heidelberg, Germany and Bio-Rad, Hercules, CA).
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The gels were stained with colloidal Coomassie blue (Novex, San
Diego, CA) for 48 h, destained with water and scanned in a Molecular
Dynamics Personal densitometer. The images were processed using
Photoshop (Adobe) and PowerPoint (Microsoft) software. Protein
spots were quantified using the ImageMaster 2D Elite software
(Amersham Pharmacia Biotechnology).

Matrix-associated laser desorption ionization mass spectroscopy
(MALDI-MS). MALDI-MS analysis was performed as described
(19) with minor modifications. Briefly, spots were excised, destained
with 50% acetonitrile in 0.1 M ammonium bicarbonate and dried in
a speedvac evaporator. The dried gel pieces were reswollen with 3 ul
of 3 mM Tris—HCI, pH 8.8, containing 50 ng trypsin (Promega,
Madison, WI) and after 15 min, 3 ul of water were added. One
microliter was applied onto the dried matrix spot. The matrix con-
sisted of 15 mg nitrocellulose (Bio-Rad) and 20 mg a—cyano 4 hy-
droxycinnamic acid (Sigma) dissolved in 1 ml acetone:isopropanol
(2:1, v/v). 0.5 pl of the matrix solution was applied on the sample
target. Specimen were analyzed in a time-of-flight PerSeptive Bio-
systems mass spectrometer (Voyager Elite, Cambridge, MA)
equipped with a reflectron. An accelerating voltage of 20 kV was
used. Calibration was based upon the total optical density of all spots
and the background. The peptide masses were matched with the
theoretical peptide masses of all proteins from all species of the
SWISS-PROT database. For protein search, monoisotopic masses
were used and a mass tolerance of 0.0075% was allowed.

Statistical analyses. Percentage densities of total protein were
obtained from quantifying protein spots on 2-DE map. Between-
group differences were calculated by non-parametric Mann-Whitney
U-test and within-group-correlations were done using the Spearman
rank-coefficient. The significance was set at the P < 0.05 level.

RESULTS

Identification and Quantification of Molecular
Chaperones on 2-DE Map of Human Brain

Human proteins obtained from seven individual
brain regions with no pH difference were applied on
2-D gel. The protein spots were visualized following
stain with colloidal Coomassie blue. Figure 1 shows an
example of brain proteins from the parietal cortex of
one control, separated on 2-D gel. The protein spots
were analysed by MALDI-MS, following in-gel diges-
tion. The peptide masses were matched with the theo-
retical peptide masses of all proteins of the SWISS-
PROT database (Table 2). We used internal standards
to correct the measured peptide mass, reducing, thus,
the windows of mass tolerance and increasing the con-
fidence of identification. Approximately 120 proteins
were identified (20) and among these proteins, nine
molecular chaperones were quantified using the Image-
Master 2D Elite software. The expression levels of
molecular chaperones were determined as a percent-
age of total proteins present in the gel part considered.
In Fig. 1, nine molecular chaperones are labelled with
their SWISS-PROT accession numbers and names.

The Effect of Sex, Age, and Postmortem Interval on
the Molecular Chaperone Expression Levels in
Three Study Groups

Linear regression analysis revealed that in each in-
dividual brain regions of three study groups sex, age,
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TABLE 1

Sex, Age, and Postmortem Interval of Human Brain Samples Used in the Determination
of the Levels of Nine Different Chaperone Proteins in Individual Brain Regions

Alpha crystallin B HSP 60 HSP 70.1

Sex Postmortem Sex Postmortem Sex Postmortem
(F/M)  Age (years) interval (hours) (F/M) Age (years) interval (hours) (F/M)  Age (years) interval (hours)

Cerebellum Control  (5/8) 46.00 = 18.02  41.15 +18.61  (3/3) 50.50 + 13.58  41.33 = 2454  (2/3) 45.80 +21.18  33.80 + 9.60
AD (4/7) 60.00 + 6.25 32.91 + 27.38  (4/4) 58.50 + 6.46 37.50 = 30.95  (3/3) 61.33 = 6.02 25.33 + 11.27
Temporal cortex  Control  (3/11) 49.64 *= 17.45 38.57 = 20.08 (2/11) 46.31 = 16.46 36.69 = 20.48 (2/11) 50.23 = 15.73 39.08 + 20.66
AD (4/7) 59.55 + 6.11 32.46 +27.83  (3/7) 59.10 + 6.24 32,90 +£29.30 (2/7) 59.00 * 6.69 34.89 + 30.50
Frontal cortex Control  (3/6) 56.00 = 10.91  41.33 =21.77  (3/6) 56.00 = 10.91  41.33 =21.77  (3/4) 56.86 + 12.10  41.57 = 22.75
AD (3/4) 57.43 = 6.37 36.14 = 33.45 (3/3) 57.00 = 6.87 38.00 = 36.25 (0/3) 58.33 = 7.64 14.67 = 8.96
Occipital Control  (5/9) 49.50 + 16.46 39.93 * 20.88 (3/6) 46.89 + 15.19 42.78 £ 23.25 (4/4) 44.88 + 19.20 35.00 = 21.71
AD (3/7) 61.80 = 7.16 26.10 = 19.16  (4/6) 58.70 = 5.72 33.00 £ 29.28  (3/6) 59.78 + 4.87 26.00 + 20.32
Parietal cortex Control  (2/5) 56.00 = 6.00 41.86 + 25.05 (2/5) 56.00 = 6.00 41.86 = 25.05 (2/13) 57.20 = 5.93 42.40 = 27.73
AD (2/4) 59.50 + 4.97 22.67 = 13.88 (213) 61.00 = 1.41 23.40 = 14.01 (2/14) 59.83 + 5.46 39.33 = 29.04
Thalamus Control  (2/8) 4590 £ 20.00 35.10 = 15.77  (2/7)  46.67 =19.08 34.89 = 16.71  (1/7) 46.88 + 19.25  33.25 = 17.15
AD (1/6) 60.28 = 6.40 21.43 = 22.66 0/7) 57.43 = 9.31 22.57 = 22.72 0r7) 57.43 =+ 9.31 2257 = 22.72
Caudate nucleus Control (1/4) 53.20 + 13.61  23.40 = 8.41 (1/5) 45.00 £ 20.95 34.33 +11.66 (1/5) 45.00 + 20.95  34.33 = 11.66
AD (2/6) 61.13 = 6.03 27.13 +21.06  (2/4) 61.83 + 4.02 30.00 + 23.50  (2/5) 60.14 = 5.79 27.14 + 22.75
11
HSP 70 RY HSC 71 TCP-1 epsilon subunit
Sex Postmortem Sex Postmortem Sex Postmortem

(FIM) Age (years) interval (hours) (F/M) Age (years) interval (hours) (F/M) Age (years) interval (hours)

Cerebellum Control  (4/6) 43.30 + 19.07 38.30 = 14.61  (2/2) 60.00 = 13.09  42.00 = 13.37  (4/5) 48.00 + 18.98  44.78 *+ 19.87
AD (4/6) 59.80 * 6.55 31.80 = 28.60 (2/1) 62.67 = 1.16 32.00 = 10.58  (4/3) 55.83 = 9.37 37.50 + 30.95

Temporal cortex  Control (3/12) 49.07 *= 16.96 38.13 = 19.42  (1/10) 48.55 +15.82  38.09 = 21.52  (0/9) 54.00 + 9.70 34.78 + 19.05
AD (4/5) 59.22 + 6.76 32.00 = 30.73  (3/7) 59.10 + 6.24 32.90 +29.30 (3/6) 60.67 = 5.59 26.22 + 20.32

Frontal cortex Control  (2/5) 57.57 = 11.98 32.86 = 14.38  (2/4) 55.67 = 12.81  38.83 =23.62 (3/6) 56.00 = 10.91  41.33 = 21.77
AD (3/4) 57.43 = 6.37 36.14 = 33.45  (2/4) 58.83 = 5.67 26.16 = 22.52  (2/2) 53.75 + 5.91 48.75 + 41.11

Occipital cortex Control  (5/6) 48.64 + 17.80  40.46 = 20.60  (4/4) 49.50 + 16.97 41.25 +25.11  (4/7) 46.82 + 17.46  41.82 = 21.18
AD 417) 59.55 = 6.11 32.46 = 27.83  (4/5) 58.67 = 6.06 36.11 = 29.25  (3/7) 59.30 *+ 6.38 33.30 £ 29.19

Parietal cortex Control  (2/4) 57.33 = 5.32 39.00 = 26.16  (2/3) 57.20 = 5.93 42.40 = 27.73  (2/5) 56.00 + 6.00 41.86 + 25.05
AD (4/3) 58.43 + 6.21 35.14 = 28.73  (3/4) 59.85 + 4.63 22.14 +12.75  (13) 60.75 = 1.50 24,50 + 15.93

Thalamus Control  (2/7) 43.67 + 19.85 31.56 = 11.76  (2/7) 43.89 +£20.12 33.78 +16.12 (1/7) 52.25 = 16.85  34.50 = 17.82
AD @ 52.17 *+ 4.62 22.13 = 21.07  (0/7) 57.43 = 9.31 2257 2272 (17) 58.00 + 8.77 22.13 = 21.07

Caudate nucleus Control  (2/7) 43.67 + 19.85 31.56 = 11.76  (1/5) 45.00 +20.95 34.33 +11.66 (1/5) 41.33 + 18.77 31.00 = 10.06
AD (2/6) 61.13 = 6.03 27.13 = 21.06 (2/6) 59.50 *+ 6.06 27.13 £ 21.06  (2/3) 61.80 = 4.49 27.20 = 25.13

11
GRP 75 GRP 78 GRP 94
Sex Postmortem Sex Postmortem Sex Postmortem

(FIM) Age (years) interval (hours) (F/M) Age (years) interval (hours) (F/M) Age (years) interval (hours)

Cerebellum Control (2/1) 58.67 +15.70  36.67 = 9.87  (4/5) 4256 =20.12 41.00 = 1258 (2/3) 5420 +17.09  32.20 + 15.07
AD (3/1) 63.25+150  20.00+821 (3/5) 60.88+5094  28.88+10.99 (3/4) 6143562  20.43 * 7.68
Temporal cortex  Control  (2/8)  48.80 + 17.31  36.70 + 19.17  (2/11) 50.23 = 1573  39.08 + 20.66  (2/12) 48.79 + 17.56  34.93 = 15.50
AD (1/4) 57.20+876 3217 +2441 (3/6) 58.67 +6.42  36.00 = 29.61 (4/5) 52.85=18.93  32.00 = 30.73
Frontal cortex ~ Control (2/3)  53.40 + 12.87  41.80 + 25.13  (3/5) 5575+ 11.63 43.75+21.95 (3/6) 56.00 = 10.91  41.33 = 21.77
AD (1/4) 5820 +6.10 2540 = 1659 (2/4) 56.67 +6.62  39.00 + 35,70 (2/4) 56.67 *6.62  38.17 * 36.17
Occipital cortex ~ Control  (3/2)  40.60 = 1545 3580 = 27.79  (5/6)  48.82 = 17.98 4218 +22.05 (4/6) 48.20 + 1870  36.20 + 15.82
AD (1/2) 58.67+4.16  38.00+27.88 (3/6) 61.11+7.24  26.00*20.32 (2/7) 60.44 =557  26.33 = 20.31
Parietal cortex  Control (2/2) 58.75+556  49.25+26.69 (2/4) 55.67 +6.50 4517 = 2571 (2/4) 57.33+532  39.00 + 26.16
AD (313) 6150176  24.14+12.67 (4/4) 5850 576  31.38 = 28.66 (4/4) 5850=576  31.38 * 28.66
Thalamus Control (1/7)  46.88 + 19.25  33.25 + 17.15  (2/8) 4590 = 20.00  35.10 = 15.77  (2/7) 43.67 = 19.85 36.56 = 11.76
AD (0/7) 57.43+931 2257 +2272 (0/7) 57.43+931  2257+2272 (1/7) 5800877 2213+ 21.07
Caudate nucleus Control  (1/5)  45.00 = 20.95 34.33 = 11.66  (2/5) 4143 +21.33 3500+ 10.89 (2/7) 43.67 +19.85 31.56 + 11.76
AD (2/4) 6117 +5.60  34.33 +11.66 (2/6) 61.13+6.03  27.13+21.06 (2/6) 61.13+=6.03  27.13+21.06

Note. Values in the columns of ‘Age’ and ‘Postmortem interval’ indicate the means and standard deviations of samples used in present
study. The table shows any statistical differences of age and postmortem interval in AD individual brain regions as compared to the control
group.
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FIG. 1. 2-DE map of human brain proteins obtained from parietal cortex of a control. The 2-DE was performed in an immobilized pH 3-10
nonlinear gradient strip, followed by the second-dimensional separation on 9-16% linear gradient polyacrylamide gels, and separated
proteins were detected by colloidal Coomassie blue staining. Approximately 120 spots were analyzed by MALDI-MS. Identified molecular
chaperones are designated with their SWISS-PROT accession numbers and the names referring to Table 2.

and postmortem interval had no effect on the expres-
sion levels of all nine molecular chaperones studied
(data not shown).

The Variable Expression Patterns of Molecular
Chaperones in Seven Individual Brain Regions
of Control Group

All molecular chaperones studied showed even ex-
pression patterns in control individual brain regions
(Fig. 2). A comparison between the intensities of the
spots representing each molecular chaperone showed
that HSP 70 RY and GRP 94 were moderately ex-
pressed, whereas HSC 71 was highly expressed in all
individual brain regions of control group (Figs. 1 and
2). In contrast to all other chaperone proteins studied,
GRP 75 was represented by two spots with different pl

(Figs. 1 and 4). Levels of GRP 75 in Figs. 2 and 3
represent sum of intensities of these two spots.

Abnormality of the Molecular Chaperone Expression
in AD Brain

HSP 70.1, GRP 78 and T-complex 1 (TCP-1) epsilon
subunit showed a comparable expression pattern in all
individual AD brain regions to those of control group
(Figs. 3C, 3G, and 3I). In AD temporal cortex HSC 71
and GRP 75 were significantly reduced (both P < 0.05)
(Figs. 3E, 3F, and 4), whereas alpha crystallin B was
increased (P < 0.01) (Figs. 3A and 4). In AD parietal
cortex HSP 60 and GRP 75 were significantly de-
creased (P < 0.05 and P < 0.01, respectively) (Figs.
3B and 3F), whereas GRP 94 showed increased expres-
sion patterns (P < 0.05) (Fig. 3H). HSP 70 RY showed
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TABLE 2
Mass Spectrometry Analysis of Nine Different Molecular Chaperone Proteins

MALDI-MS
Mr pl Peptide Sequence
No.* Abbr. name Protein name Theor. Observ. Theor. Observ. Matching Total Coverage

P02511 CRAB_HUMAN Alpha crystalline B chain 20,146 21,000 7.4 8.3 7 20 44

P08107 HS71_HUMAN Heat shock 70 kDa 70,294 65,000 5.4 5.6 9 19 17
protein 1 (HSP 70.1)

P10809 P60_HUMAN Mitochondrial matrix 61,187 58,000 5.6 5.5 10 20 26
protein P1 (HSP 60)

P11021 GR78_HUMAN 78 kDa glucose regulated 72,185 77,000 4.9 5.0 10 19 18
protein (GRP 78)

P11142 HS7C_HUMAN Heat shock cognate 71 71,082 70,000 5.3 5.4 6 19 14
kDa protein (HSC 71)

P14625 ENPL_HUMAN Endoplasmin (94 kDa 92,696 100,000 4.6 4.8 9 20 20
glucose regulated
protein) (GRP 94)

P34932 HS74_HUMAN Heat shock 70 kDa 79,857 105,000 5.0 5.2 8 20 13
protein 4 (HSP 70 RY)

P38646 GR75_HUMAN 75 kDa glucose regulated 74,018 69,000 6.2 6.5 8 20 15
protein (GRP 75)

P48643 TCPE_HUMAN T-complex protein 1, 60,088 58,000 5.4 5.6 7 18 15

epsilon subunit (TCP-
1-epsilon) (KIAA0098)

Note. The protein spots were excised from the gels, digested with trypsin and the peptides generated were analyzed by MALDI-MS as
stated under Materials and Methods. The identified protein spots are characterized by their SWISS-PROT accession numbers as indicated
in Fig. 1. The theoretical and the approximate observed Mr and pl values, as well as the matching and total peptides and the protein sequence

coverage by the matching peptides are given.
# SWISS-PROT accession number.

an increase in AD caudate nucleus (P < 0.01)
(Fig. 3D).

DISCUSSION

Amyloid plaques contain besides AB several other
proteins, including the sHSPs alpha crystallin B and
HSP 27 (9, 10). Both are molecular chaperones that are
able to prevent aggregation of other proteins and the
expression of these sHSPs in AD has been proposed to
represent a defensive response to diminish amyloid
fibril formation and subsequent toxicity (21, 22). Alpha
crystallin B does prevent the fibrillization of ABy_,,
however, it induces alpha crystallin B/AB complexes
that are highly neurotoxic. This suggested that alpha
crystallin B was involved in the pathogenesis of AD by
influencing the process of amyloid toxicity. Shinohara
and co-workers reported that the concentration of al-
pha crystallin B was elevated in temporal and frontal
cortex of AD brains, using specific immunoassays for
alpha crystallin B (9). Increased expression of alpha
crystallin B has been reported in reactive astrocytes,
microglia, and oligodendrocytes (9, 10). Because of co-
localization of glial fibrillary acidic protein (GFAP) and
alpha crystallin B in fibrous astrocytes (10), our finding
of increased alpha crystallin B in AD temporal cortex

may reflect reactive gliosis as well as reactive mecha-
nism to reduce fibrill of AB;_4.

The APP gene promoter contains a heat shock ele-
ment and abnormal APP heat shock response can in-
crease accumulation of AB, the APP metabolite found
in AD amyloid plaques (23, 24). HSP 70-induced APP
MRNA suggested a role of heat shock response for the
induction of APP (25). Furthermore, the role of HSPs in
AB formation has been suggested following the obser-
vation that HSP 70 and HSP 40 chaperones inhibit
self-assembly of polyglutamine proteins into amyloid-
like fibrils (11) and HSC 73 (also known as HSC 71)
effectively interacts with the cytoplasmic domain of
APP in the presence of proteasome inhibitors (13).
Kouchi and co-workers showed that HSC 73 is involved
in a proteasome complex and reduction of protein deg-
radation in mutant strains of HSP 70 genes and DnaJ
homologue in yeast, suggesting functional role of HSC
73 in the conformational maintenance of proteasome
(13). This finding also raises the possibility that HSPs
may contribute to the conformational recognition of
aberrant proteins by proteasome. These observations
indicate the crucial role of HSPs in impeding AD pro-
gression and their downregulation as shown by our
results appears to create a gap in the whole system. In
contrast to all other chaperone proteins studied, GRP
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FIG. 2. The expression patterns of nine molecular chaperones in
individual brain regions of control. The expressions of nine molecular
chaperones on 2-DE gels obtained from seven individual control
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75 was separated as two spots with different pl on
2-DE gel (Figs. 1 and 4). The two spots seem to be
isoforms, probably obtained as a result of different
phosphorylation and although their functional and
physiological significance is unknown, it is interesting
to note that each spot was evenly decreased in AD
parietal and temporal cortex. With a notion that down-
regulation or disruption of HSP 70 expression results
in apoptosis, Mosser and co-workers (26) studied the
role of HSP 70 in blocking the apoptotic process and
showed its inhibitory effect on activation of the caspase
protease cascade and signalling through the stress-
activated protein kinase (SAPK)/c-Jun N-terminal Ki-
nase (JNK) pathway. Thus, taken together it is con-
ceivable to assume that loss of HSP 70 family proteins
particularly, HSC 71 and GRP 75, plays a greater role
in neuronal death associated with AD.

Unlike HSC 71, HSP 70.1 didn’'t show any change in
expression level in AD brain indicating that though
each member of HSP 70 family presents with high
homology and shares many functional roles in protein
folding (27), the expression of HSP 70 individual mem-
bers differentially respond to particular injury and in
brain region (28). Furthermore, HSC 71 and HSP 70.1
show different gene localization suggesting different
way of gene regulation (29, 30). As HSC 71 is mainly
expressed in human brain amongst the HSP 70 family
proteins, our findings strongly imply that HSC 71 and
GRP 75 are the major HSP 70 members involved in AD
pathology and temporal and parietal cortices are the
most affected brain region by the abnormal expression
of HSP 70 proteins as well as alpha crystallin B.

The increase in HSP 70 RY in AD caudate nucleus
(P < 0.01) (Fig. 3D) points to an involvement of HSPs
in a functional area, the basal ganglia. HSP 70 RY was
identified as a member of the HSP 70 protein family on
the basis of cDNA sequence homology (31) but its
amino acid sequence diverges significantly from the
other human HSP 70 proteins (32). Whether this di-
vergence has impact on level of expression and the
functional significance of our finding remains to be
determined.

Even though GRP 75 and HSP 60 are both localized
in mitochondria and facilitate the folding and assembly
of proteins as they enter into mitochondria (33), GRP
75 was shown to be a member of the HSP 70 family of
stress proteins while HSP 60 represents the mamma-
lian equivalent of the bacterial GroEL protein based on

brain regions i.e., frontal, temporal, parietal, occipital cortex, cere-
bellum, thalamus, and caudate nucleus were quantified using the
ImageMaster 2D Elite software. Molecular chaperone expressional
level was determined as the percentage volume of total proteins
present in the gel part considered. All nine molecular chaperones
were evenly expressed in seven individual brain regions. The col-
umns and bars indicate means and standard deviations of the ex-
pression levels of each molecular chaperone.
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FIG. 3. Aberrant expressions of molecular chaperones in individ-
ual AD brain region. Nine molecular chaperones on the 2-DE gels
from the corresponding brain regions of patients with AD and age-
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a variety of biochemical and immunological criteria.
Briones and co-workers suggested HSP 60 deficiency
might be a common cause of mitochondrial disease
(34). Oxidative stress and/or mitochondrial defect may
represent the pathological hallmark of AD (35), fur-
thermore expression of the human groEL stress-
protein homologue such as HSP 60 in brain and spinal
cord is consistent with a mitochondrial location and it
provides a morphological indicator of the functional or
metabolic state of cells (36). Our finding of low levels of
both mitochondrial located chaperone proteins is in
line with the mitochondrial defect proposed in AD
brain.

The mature, healthy, nonstarved mammalian brain
uses only glucose as a source of energy in the form of
ATP (37). A reduction in the cerebral metabolic rate of
glucose is one of the most predominant abnormalities
generally found in the AD type brain (38). The cerebral
dimunition in energy availability, along with a loss of
functionally important amino acids, ammonia toxicity,
supposed membrane damage, dysregulation of Ca**
homeostasis, and glycogen accumulation in the incipi-
ent stages of dementia of the Alzheimer type (DAT) are
assumed to be stress-related abnormalities capable of
inducing the formation of heat shock proteins (39).
These events may lead to an enhanced generation of
APP in earlier states of DAT which in turn causes
increased production of AB, if abnormally cleaved. Per-
turbation in brain oxidative energy and related metab-
olism may precede the generation of APP and the for-
mation of plaques in the brain affected by incipient
DAT. In this view, GRP 78 has been studied in AD
brain; Hamos and co-workers reported that an in-
creased expression of GRP 78 only in neurones of AD
(40) and concerning a seminal role for AB,_,, genera-
tion and aggregation in the ER in AD pathogenesis,
Yang and co-workers suggested that GRP 78 binding to
APP in neurons may have even greater functional con-
sequences than in non-neuronal cells (12). Our finding
shows no difference of GRP 78 expression in AD brain.
In contrast to GRP 78, we found an increase of GRP 94
in AD parietal cortex. GRP 94 is a member of the HSP
90 family and HSP 90 was reported to form specific
complexes with steroid hormone receptors and several
protein kinases, including Raf (41) and Src (42). A

matched controls were quantified using the ImageMaster 2D Elite
software and compared to each other employing non-parametric
Mann-Whitney U-test in order to detect different expressional levels
of those proteins. Molecular chaperone expressional level was deter-
mined as the percentage volume of total proteins present in the gel
part considered. The columns and bars indicate the means and
standard deviations of the expression levels of each molecular chap-
erone. Quantitative analysis was performed in seven individual
brain regions: frontal(F), temporal (T), parietal (P), occipital cortex
(0), cerebellum (C), thalamus (TH) and caudate nucleus (CN). In
comparison with controls, *P < 0.05 and **P < 0.01 represent
significantly increased or decreased expression.
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FIG. 4. Typical electrophoretic patterns of temporal protein extracts from control and AD. The 2-DE was performed in an immobilized
pH 3-10 nonlinear gradient strip, followed by the second-dimensional separation on 9-16% linear gradient polyacrylamide gels, and
separated proteins were detected by colloidal Coomassie blue staining. The entire gels show typical electrophoretic patterns and enlarged
partial 2-DE images containing HSC 71, GRP 75 and alpha crystallin B spots demonstrate our findings (Figs. 3A, 3E, and 3F) of increased
alpha crystallin B protein and decreased HSC 71 and GRP 75 proteins in temporal cortex of AD.

critical role has been suggested for HSP 90 in the
regulation of the activity and intracellular transloca-
tion of these proteins (43). Importantly, HSP 90 has
recently been suggested to mediate intracellular signal
transduction events (44, 45). Nothing is known about
the relevance of aberrant GRP 94 expression to AD
pathology, likewise the functional significance of in-
creased GRP 94 in AD brain pathology is still unan-
swered. However, based on above findings it seems
plausible that increased GRP 94 may account for the
abnormalities of intracellular translocation of protein
kinases and intracellular signal transduction in AD
brain (43-45).

We could not find any significant difference in ex-
pression levels of TCP-1 epsilon subunit. However,
TCP-1 epsilon subunit showed decrease levels in AD
parietal cortex although not reaching statistical signif-
icance (Fig. 3I). In interphase and mitotic cells TCP-1
is localized within the centrosome which serves as an
initiation site for microtubule growth (46). Since TCP-1
is involved in microtubule growth, its mutation or ab-
normal expression may lead to mitotic and meiotic
abnormalities of the cell cycle. If cell cycle regulatory
mechanisms fail, the cell cycle is allowed to progress

into the G, phase. Nagy suggested that the cell cycle in
AD neurones can be arrested at the G,/M transition
point and at this point may undergo apoptosis via the
p53/Bax related pathway (47). Interestingly, by a sen-
sitive differential hybridization approach, Dittmar and
co-workers showed the expression of TCP-1 appeared
to be specifically linked with the S to G,/M phase
transition of the cell cycle (48). Furthermore, it was
recently reported that the existence of a common mech-
anism of tumor suppression and apoptosis shared by
p53, p21 (Wafl) and SIAH-1 involved regulation of
TCP-1 (49). Thus, we may suggest that decreased
TCP-1 expression in the AD parietal cortex may lead to
arrest of brain cells at the G,/M transition point and
these cells may undergo apoptosis responsible for neu-
ronal death in the AD parietal cortex.

In conclusion, the present results show the expres-
sional patterns of nine different molecular chaperones
in seven individual brain regions of AD patients. Five
chaperone proteins, i.e., alpha crystallin B, HSP 60,
HSC 71, GRP 75 and GRP 94 showed abnormal expres-
sion in parietal and temporal cortex, reflects regularly
affected in AD brain pathology. These findings are
compatible with neuropathological abnormalities
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present in AD brain and our report represents the
relevance of abnormal chaperone expression in AD
brain pathology.
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