
Abstract. Proteasomes are multisubunit proteases involved
in many cellular processes, including tumorigenesis and
immune surveillance. In their catalytic core, the 20S
proteasome, the ‚1, ‚2 and ‚5 subunits show peptidyl-
glutamyl peptide hydrolyzing (PGPH), trypsin-like and
chymotrypsin-like activities, respectively. By IFN-Á and TNF·
stimulus, these subunits are replaced by their counterparts
LMP2, MECL-1 and LMP7, defined inducible subunits, thus
originating the immunoproteasome, and expression of the
proteasome activator PA28 is enhanced. These modifications
strengthen MHC-class I restricted peptide generation. The
20S proteasome has been detected immunohistochemically in
formalin-fixed samples purified from fresh surgical specimens
of 18 tumors (G20S) and from 8 samples of normal
peritumoral tissue. The G20S, LMP2, MECL-1 and LMP7
increased in only 12 cases, along with unvaried trypsin-like
and decreased PGPH and chymotrypsin-like activities; PA28
was unvaried in all 18 samples. The immunoproteasome
alterations may represent an anomalous immunological
attitude of glioblastomas.

Glioblastomas develop either primarily as such, or secondarily

by transformation of diffuse astrocytomas. Among genetic

alterations, such as amplification/truncation of EGFR

(epidermal growth factor receptor), mutations of PTEN

(phosphatase and tensin homolog deleted on chromosome 10)

and others, those of the pRb (retinoblastoma protein)

pathway (concerning cell cycle regulation) are important for

cell proliferation (1, 2). Cyclin D1, stimulated by the

mitogenic pathway from TKRP (tyrosine kinase receptor

protein) activates the cell cycle, which is regulated at the

checkpoint G1-S by the cyclin-dependent kinase inhibitor

p27/Kip.1 (3-7).

Cyclin D1 and p27/Kip.1 belong to the group of proteins

degraded through the ubiquitin-ATP-dependent proteolytic

pathway (8-11). The coordinated functioning of this pathway

depends on the rate by which proteins are tagged by

ubiquitin, an 8 kDa largely distributed protein, and

degraded by the 26S proteasome. Cyclin D1 and p27/Kip.1

show an opposite expression in malignant gliomas, where

cyclin D1 expression is increased and that of p27/Kip.1 is

decreased (12, 13).

The 26S proteasome is a non-lysosomal Ca2+-insensitive

protease, active at neutral pH in the cytoplasmic and

nuclear compartments of eukaryotic cells. As a component

of the ubiquitin-ATP-dependent proteolytic pathway, it is

involved not only in the turnover of cytoplasmic and nuclear

proteins, but also in the rapid degradation or processing of

rate-limiting enzymes, transcriptional factors and regulators

(p53, NFÎ B and its inhibitory regulator IkB), cell cycle

critical regulatory proteins (cytokines, cyclin inhibitors such

as p27/Kip.1), as well as in the elimination of abnormal

proteins resulting from mutation or post-synthetic damage.

Therefore, it intervenes in the regulation of metabolic

pathways, tumorigenesis and tumor progression, tissue and

cell differentiation, and aging (14-19). Proteasomes are also

involved in immune surveillance, since in vertebrates some

short peptides, originated by their proteolytic action, escape

cytoplasmic exopeptidases and are delivered to the cell

surface for major histocompatibility complex (MHC)-class

I antigen presentation (16, 17, 20).

Structurally, the 26S proteasome is a large (1500-2000

kDa) particle derived from the assembly of two multisubunit

components, the 20S proteasome with proteolytic activity
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and the 19S regulator or PA700 with regulatory function.

The 20S proteasome, which also exists as an independent

particle, has a cylindrical-shaped structure of 4 stacked rings,

each formed by seven homologous, but distinct · and ‚

subunits (·7‚7‚7·7). In eukaryotic cells, the 20S proteasome,

as an isolated particle, is unable to degrade proteins either

ubiquitinated or not, but has different peptidase activities

defined on the basis of their ability to cleave specific

synthetic fluorogenic peptides, mainly represented by PGPH,

trypsin-like and chymotrypsin-like activities located in the ‚1,

‚2 and ‚5 subunits, respectively (20, 21).

In antigen-presenting cells and in cells exposed to the

immunomodulatory cytokine IFN-Á, as well as to the pro-

inflammatory cytokine TNF·, the 20S proteasome is

reorganized into the so-called immunoproteasome, in which

the active constitutive subunits ‚1, ‚2 and ‚5 are replaced by

three other subunits, LMP2, MECL-1 and LMP7, respectively

(22-25). In parallel, substitution of ‚1 with LMP2 implies loss

of PGPH activity which is replaced by chymotrypsin-like

activity, whereas substitution of ‚2 with MECL-1 implies

enhancement of trypsin-like activity (22, 26). The final result is

the increased production of peptides bearing at their 

C-terminus hydrophobic and basic amino acids more suitable

for MHC-class I presentation (27, 28).

The ATP-dependent assembly of the 20S proteasome with

the 19S regulator/PA700, giving rise to the 26S proteasome,

enables the catalytic core particle to degrade ubiquitinated

proteins, enhances its peptidase activity and makes proteolytic

and peptidase activities sensitive to ATP (20, 21, 29).

Alternatively, the 20S proteasome can assemble, independently

of ATP, with another multisubunit regulatory particle, the 11S

regulator/PA28, which consists of two types of subunits (· and

‚). In this form the core particle acquires enhanced peptidase

activity, particularly the chymotrypsin-like one, but not ability

to degrade proteins, either ubiquitinated or not (21, 28, 30, 31).

Expression of the regulator is controlled by IFN-Á and, thus,

its association with the immunoproteasome is believed to

enhance generation of antigenic peptides (28). Proteasomes

have been characterized in the nervous tissue of different

species, including humans (23, 32-38), and the

immunoproteasome has been documented only in the brain of

rodents and humans in normal and neurodegenerative

conditions (23, 38-41), whereas the 11S regulator has been

identified only in the rat brain (23, 40).

Little is known about proteasomes in human gliomas. The

goal of this study was to characterize, in human glioblastomas,

the 20S proteasome in terms of subunit composition,

peptidase activity and interaction with the 11S regulator.

Materials and Methods

Tissue. Fresh surgical specimens from 18 human glioblastomas,

diagnosed according to the WHO criteria (42), and 8 control

specimens, represented by peritumoral nervous tissue, were cut in

two parts. One was fixed in buffered formalin and included in

paraffin for histology and immunohistochemistry; the other one

was quickly frozen in liquid nitrogen, kept at –80ÆC and used for

the 20S proteasome purification.

Reagents for biochemical analysis. Antisera against the 20S

proteasome core, the inducible subunits (LMP2, LMP7, MECL-1),

the constitutive counterparts (‚1, ‚2, ‚5) and against the 11S

regulator ·-subunit were from Affinity Research Products (Exeter,

UK) and Santa Cruz Biotechnology (Heidelberg, Germany); the

fluorogenic peptides, Suc-L-L-V-Y-AMC, Z-L-L-R-AMC and Z-L-

L-E-bNA, in which amino acids are defined by single letter code

and AMC, -‚NA, Suc and Z stand for 7-amido-4-methylcoumarin,

‚-naphthylamide, succinyl and benzyloxycarbonyl, respectively, were

from Bachem Feinchemikalien (Bubendorf, Switzerland); protease

inhibitors cocktail solution (PIC) was from Sigma (Milan, Italy);

chromatographic supports and poly- vinylidene difluoride (PVDF)

membranes were from Amersham Pharmacia Biotech (Milan, Italy)

and Centricon 30 from Amicon (Millipore Corporation, Milan,

Italy); the other products were of highest quality from Sigma and

Roche (Monza, Italy).

Proteasome purification. Proteasomes were purified, partly as

previously reported (37, 43) and partly as detailed below. All

procedures were carried out at 4ÆC. Samples (approximately 

350 mg) were homogenized by the Potter-Elvehjem apparatus in 

2 ml of buffer A (20 mM Tris-HCl pH 7.4 enriched with 20 mM

NaCl, 25 mM KCl, 1 mM DTT, 0.1 mM EDTA, 2 mM MgCl2, 20%

glycerol (v/v) and 9 Ìl of PIC solution) (one part of the commercial

product diluted in 300 parts of buffer A). The homogenate was

centrifuged at 30,000 x g for 45 min and the clear supernatant

(approximately 2 ml) was adsorbed overnight on 5 ml of DEAE-

Sepharose Fast Flow suspension in buffer A. Following

centrifugation at 1000 x g for 5 min, the supernatant was removed

and the gel slurry was washed 3 times with 1 ml of buffer A.

Proteins were desorbed by washing the gel 4 times with 4 ml of 

0.5 M KCl in buffer A. The supernatants were combined, dialyzed

for 2 h against buffer A without PIC solution and with 5% (v/v)

glycerol, concentrated by centrifugal ultrafiltration on Centricon

30, and finally subjected to ultracentrifugation on glycerol gradient

(10-40% glycerol). At each purification step, the presence of the

20S proteasome was assessed by: i) non-denaturing polyacrylamide

gel electrophoresis (PAGE) followed by in-gel proteasome

visualization by gel overlying with the fluorogenic peptide Suc-L-

L-V-Y-AMC and detection of the fluorescent bands under UV

light; gels were then fixed and stained with Coomassie brilliant blue

(37, 43); ii) denaturing SDS-PAGE followed by silver staining or

Western blotting and immunodecoration of the blotted protein

bands with antibodies directed to the proteasome constitutive

subunit ·5 (37, 43).

Detection of the 11S regulator. The association of the regulator with

the 20S proteasome was investigated by Western immunoblotting

in the presence of an antibody against the regulator · subunit (44).

Electrophoresis and Western immunoblotting. SDS-PAGE was

performed as previously reported (37, 43). Resolved proteins were

visualized on the gel by Coomassie blue or silver staining;

alternatively, they were electroblotted on PVDF membranes (37,

43, 45) and immunodecorated with specific antibodies. Detection
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of immunodecorated protein bands were performed as previously

described (37, 43).

Densitometric analysis. Quantification of the intensity of the

immunodecorated bands was carried out on the autoradiographic

films using a BioRad GS 650 densitometer. Collected data were

analyzed using dedicated software (43).

Enzymatic activity assay. Aliquots of purified proteasomes were

evaluated for peptidase activity in the presence of the fluorogenic

peptides Suc-L-L-V.Y-AMC, Z-L-L-R-AMC and Z-L-L-E-bNA,

specific for chymotrypsin-like, trypsin-like and PGPH activities,

respectively, as previously reported (37). The presence of non-

specific peptidase activity was assessed in samples incubated with

5 ÌM lactacystin, a selective inhibitor of proteasome chymotrypsin-

like activity (46).

Protein quantitation. The concentration of the purified proteasome

was determined using bovine serum albumin as a standard (47).

Histology and immunohistochemistry. Hematoxylin-Eosin staining was

carried out on 5-Ìm-thick sections. The following antibodies were

used: Mab CD 68 (Dako) diluted 1:50, Mab CR3/43 (Dako) diluted

1:100, Mab CD 45 (Dako) diluted 1:100 and Mab GFAP (Dako)

diluted 1: 100. Microwave irradiation with Whirlpool oven was

performed for 3' x 5 in Na citrate buffer for Mab CD 68 and CD 45.

The antibodies for the detection of the proteasome core and the

inducible subunits were the same as before, diluted 1: 100. Strep-ABC.

Statistical analysis. The two-tailed Student’s t-test was used for

statistical analysis.

Results

Histology. Control peritumoral nervous tissue did not

contain infiltrating tumor cells. Scattered microglia nuclei

were present, whereas no lymphocyte or macrophage was

identified.

Immunohistochemistry. In the peritumoral control tissue,

scattered microglia cells were present and some of them

showed a ramified reactive form by CR3/43 (Figure 1C). No

cell showed CD68- or CD45-positive staining. In the tumor,

CD69- (Figure 1B), CR3/43- (Figure 1C) and CD45-positive

(Figure 1A) cells were numerous, many of them with the

morphology of macrophages, especially concentrated

around circumscribed necroses or in mesenchymal areas,

but also evident in proliferating areas. The quantity of these

cells was quite uniform in the different tumors examined.

Biochemistry. Purified protein particles from control and tumor

samples were identified as 20S proteasome on the basis of
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Figure 1. A. Scattered lymphocytes. CD45, DAB, x 400; B. Macrophages around a circumscribed necrosis. CD68, DAB, x 4000; C. Microglia cells at the
passage toward normal tissue, CR3/43, DAB, x 400.

Table I. Chymotrypsin-like, trypsin-like and PGPH activities of 20S
proteasomes purified from control nervous tissue (C20S) and from the 12
glioblastoma (G20S) in which the expression of the proteasome inducible
subunits was enhanced.

Proteasome Number Chymotrypsin- Trypsin- PGPH 

of cases like activity like activity activity

C20S 8 0.410±0.051 0.350±0.036 0.130±0.024

G20S 12 0.130±0.025* 0.340±0.044 0.016±0.004*

Peptidase activity is expressed as pmoles/mg protein/min. In the 6 G20S,

in which the expression of the proteasome inducible subunits was

comparable with that of C20S, the three peptidase activities were not

statistically different with respect to the corresponding ones of C20S.

*p<0.001



different analytical procedures. Firstly, aliquots of the protein

preparations gave rise to only one fluorescent band following

non-denaturing gel electrophoresis and overlaying of the native

gel with the fluorogenic peptide specific for chymotrypsin-like

activity; this band was also the only one stained by Coomassie

blue. This indicated that the electrophoresed proteins had

peptidase activity and were homogeneous (Figure 2A).

Secondly, the pattern of the protein bands obtained by

resolution of the purified proteins by SDS-PAGE followed by

silver staining was similar to that characterizing the 20S

proteasome core particle, including proteins with molecular

masses in the range 21-31 kDa (37, 38) (Figure 2B). Thirdly,

among SDS-PAGE resolved proteins, three were

immunodecorated with antibodies directed to the three active

constitutive subunits of the 20S proteasome (‚1, ‚2, ‚5), whose

molecular size was in the expected range of values (Figure 2B).

By contrast, no immunodecoration was observed with an

antibody directed to TBP1, a subunit of the 19S regulator, thus

contamination of the purified 20S proteasome by the 26S

proteasome in both sample series was excluded. In addition,

the purified proteins cleaved peptide bonds at the carboxyl side

of hydrophobic, basic and acidic amino acid residues, revealing

their chymotrypsin-like, trypsin-like and PGPH activities

(Table I). The purified proteins were thus multicatalytic

proteases, a feature of the 20S proteasome catalytic core (20,

37, 38). Finally, the chymotrypsin-like activity was 95%

inhibited by lactacystin, a specific proteasome peptidase activity

inhibitor (20, 46) (data not shown).

The evaluation of the specific peptidase activity of the

proteasome purified from control and tumor tissue (defined

hereafter as C20S and G20S, respectively) demonstrated

that chymotrypsin-like and PGPH activities were

significantly lower (p<0.01) in 12 out of the 18 G20S,

compared to the corresponding ones of the 8 C20S; these

activities were not down-regulated in the remaining 6 G20S.

The trypsin-like activity in all G20S did not significantly

differ in comparison with that of the 8 C20S (Table I).

LMP2, MECL-1 and LMP7 were seen to be distributed

in both C20S and G20S. However, in the 12 G20S with

depressed chymotrypsin-like and PGPH activities, but not

in the 6 G20S with unaltered activities, these subunits,

(particularly LMP2) were incorporated to a significantly

greater extent than in the 8 C20S (Figure 3). In all Western

immunoblotting experiments, the immunoreactivity of the

proteasome ·5 subunit was used as an internal standard for

equal protein loading since the proteasome · subunits,

contrary to the three active ‚ ones, are not modified by

changes of cell conditions (19).

All G20S and C20S were immunodecorated by a specific

antibody directed to the · subunit of the 11S regulator

(Figure 4). The intensity of the immunoreactive protein

bands was not significantly different in quantitative terms in

the two groups (data not shown).

Histologically, there was no difference in the distribution

of lymphocytes, macrophages and microglia in all the

glioblastomas.

In the control tissue, a slight staining was observed in

some reactive astrocytes only with the antibody to the

proteasome catalytic core; no staining was observed with the

antibodies to LMP7 and LMP2. Most glioblastoma cells

showed a positive staining in the cytoplasm with the

antibody to the 20S proteasome catalytic core; LMP7 and
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3206

Figure 2. Characterization of human 20S proteasome from glioblastoma (G20S) and control (C20S) samples.
Panel A: Purified proteasome resolution by non-denaturing gel electrophoresis followed by gel overlay with the fluorogenic peptide Suc-L-L-V-Y-AMC and
incubation at 37ÆC for 10 min; the gel was then transilluminated with UV light and photographed using a 475 nm interference filter (37). The same gel
was stained with Coomassie brilliant blue for detection of protein bands (lanes 3, 4). Lanes 1, 3 and lanes 2, 4 were loaded with aliquots of G20S and
C20S, respectively. Panel B: Resolution of aliquots of G20S and C20S by SDS-PAGE on 12% gel. Resolved proteins were either detected by silver staining
(lanes 1, 2), or electroblotted onto PVDF membranes and immunodecorated with antibodies against the constitutive subunits ‚1 (lanes 3, 4), ‚2 (lanes
5, 6) and ‚5 (lanes 7, 8). Aliquots of G20S were loaded in lanes 1, 3, 5, 7, and of C20S in lanes 2, 4, 6, 8. Molecular mass markers: 66 kDa bovine serum
albumin; 45 kDa ovalbumin; 36 kDa glyceraldehyde-3-phosphate dehydrogenase subunit; 24 kDa trypsinogen; 20 kDa trypsin inhibitor.
The above profiles were reproduced by all proteasome preparations and aliquots of these preparations were used for proteasome peptidase activity assay.



LMP2 showed the same distribution, but with a weaker

staining intensity (Figure 5).

Discussion

In roughly 80% of glioblastomas, tumor cells, especially

adjacent to necroses, and endothelial cells expressed TNF·;

in addition to neurons, reactive astrocytes (48, 49), which

show specific cytokine receptors at their surface (24, 25, 50,

51), also expressed TNF·. It is important to note that

glioblastomas are known to be rich in macrophages,

lymphocytes and microglia cells (52), and that macrophages,

stimulated by tumor antigens, produce TNF· and IFN-Á (53).

Moreover, in both human glioblastoma cell lines and U87MG

cells, expression of MHC-class I molecules is up-regulated by

IFN-Á and, in the former, the production of a peptide

presented by these molecules is also up-regulated (54). Lastly,

Piccinini et al: Proteasomes in Glioblastoma
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Figure 3. Immunodecoration of IFN-Á inducible subunits of 20S proteasomes purified from glioblastomas (G20S) and control tissue (C20S).
Panel A: A representative analysis of one of the 12 G20S with enhanced expression of the inducible subunits (lanes 1, 3, 5) and of one of the 8 C20S
(lanes 2, 4, 6): LMP2 (lanes 1, 2), LMP7 (lanes 3, 4), MECL-1 (lanes 5, 6).The same blots were stripped and reprobed with a monoclonal antibody to
the 20S proteasome core ·5 subunit for equal protein loading. Panel B: The bar chart shows the optical densities, referred to as arbitrary units, of the
Western blot bands decorated with the specific antibodies to the three inducible subunits as means + standard deviation (SD); dark grey: the 12 G20S;
light grey: the 8 C20S. In the remaining 6 G20S, the intensity of the immunodecorated bands as a mean value + SD overlapped with that of the 8 C20S
(not shown). Two-tailed Student’s t-test: *: p<0.01.

Figure 4. Immunodetection of the 11S regulator in the 20S proteasome from
glioblastoma (lane 1) and control (lane 2) samples. Aliquots of the purified
proteasomes were subjected to SDS-PAGE on 12% gel, electroblotted onto
PVDF membranes and immunodecorated with an antibody to the 11S
regulator a subunit. The same blots were stripped and reprobed with a
monoclonal antibody to the 20S proteasome core a5 subunit for equal
protein loading. The figure is representative of one experiment, that was
reproduced in the other 17 G20S and 7 C20S preparations.



TNF· and IFN-Á are potent inducers of proteasome

inducible subunits, as well as of their incorporation into the

proteasome to form the immunoproteasome (22-25).

In the present study, the 20S proteasome was isolated from

human glioblastomas and control tissue and, in both cases, it

incorporated the three IFN-Á inducible subunits. In

comparison with C20S, these subunits, particularly LMP2, were

present in a greater amount in 12 G20S, suggesting that either

their expression or their incorporation or both were enhanced

in 12 out of the 18 examined glioblastomas. Since the two

processes are controlled by TNF· and IFN-Á (22-25), their

enhancement could be due to an increased production of, or a

greater cell sensitivity to, the two cytokines, exogenously and/or

endogenously produced. The occurrence of the 20S

proteasome, as well as that of LMP7 and of LMP2, in tumour

and control tissue is confirmed by immunohistochemistry.

The incorporation of the three inducible subunits in all

G20S emphasizes that the biogenesis of immunoproteasomes

is apparently not altered in glioblastomas. In fact, for

immunoproteasome maturation, LMP2 incorporation is

required for active incorporation of MECL-1 and LMP7 (54,

55). Furthermore, in comparison with the C20S, the increased

incorporation of LMP2 in 12 G20S was paralleled by a

minimal residual PGPH activity, in line with the rule that

substitution of the constitutive ‚1 subunit with its inducible

counterpart LMP2 implies substitution of the PGPH activity,

replaced by the chymotrypsin-like activity, a feature of LMP2

as well as of LMP7 (22, 26). Consequently, in the 12 G20S,

characterized by increased incorporation of LMP2 and LMP7,

one would expect up-regulated chymotrypsin-like activity.

Actually this was not the case, since the chymotrypsin-like

specific activity was down-regulated in the 12 G20S

proteasomes. Explanations of this discrepancy are largely

speculative. It might be referred to as a stress condition due to

radical oxygen species (ROS) released by the stimulation of

tumor cells by TNF· and IFN-Á (51), as has been

demonstrated in circulating lymphocytes of individuals of

advancing age (56), although observed in only 67% of the

examined glioblastomas. In addition, this discrepancy could be

related to increased expression in glioblastomas of proteasome

inhibitors, such as the protein PI31, which is described to

selectively depress chymotrypsin-like and PGPH activities with

a less pronounced effect on the trypsin-like activity (57).

The contrast between structural and functional

proteasome properties, demonstrated in the present study

for the first time in human glioblastomas, does not depend

on tumor location since the glioblastomas examined were

from different brain regions. The most important issue is

the origin of the immunoproteasome in glioblastomas, due

to their heterogeneous cell composition. In view of the

abundance in such tumors of elements involved in the

immune response, largely controlled by IFN-Á and TNF·, it

cannot be ascertained whether the immunoproteasome in

these tumors belongs to the tumor cells or to mesenchymal

cells. The paucity of the latter in control tissue, in which the

incorporation of inducible subunits was lower than in the

12/18 tumors, supports the origin of the immunoproteasome

from TNF·- and IFN-Á-sensitive non-tumor cells distributed

in the tumor. However, in the 6 glioblastomas, in which the

immunoproteasome did not differ from that of the control

specimens, there was the same abundance of non-tumor

cells found in the 12 glioblastomas with increased

incorporation of the inducible subunits. This could support

the view that the altered immunoproteasome found in 67%

ANTICANCER RESEARCH 25: 3203-3210 (2005)
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Figure 5. Immunohistochemical detection of the 20S proteasome core and of inducible subunits in glioblastomas. Most cells are positive (A) with
antiserum against the 20S proteasome core; DAB, x 400, weakly positive (B) with antiserum against the inducible subunit LMP7, DAB, x 400, very
poorly stained (C) with antiserum against the inducible subunit LMP2, DAB, x 400. Counterstaining with Hematoxylin.



of glioblastomas belongs to tumor cells, highly sensitive to

the two cytokines, and that in the remaining 33%, in which

the immunoproteasome was apparently unaltered, either

tumor or non-tumor cells or both escaped cytokine

stimulation. In any case, the anomalous proteasome reveals

an altered immunological attitude of glioblastomas.

In all G20S and in the 8 C20S, the 11S regulator was

apparently associated with the proteasome in equal amount.

The question arises as to whether the reduced chymotrypsin-

like activity of the 12 G20S is a consequence of the

interaction of the proteasome with an inhibitor, e.g. PI31,

preventing the action of the 11S regulator. The occurrence of

the 11S regulator in the 20S proteasome of glioblastomas is a

novel finding as is its presence in the 20S proteasome from

control specimens, because, to our knowledge, the regulator

has never been described in human nervous tissue. However,

since the expression of the 11S regulator is controlled by

IFN-Á (28), in glioblastomas the regulator might escape the

cytokine control. This may be a new feature of the neoplastic

deregulation process.

Lastly, in glioblastomas the CDK inhibitor p27/Kip.1 and

cyclin D1, considered targets of proteasome proteolytic

activity, have been described to be more or less expressed,

respectively, in glioblastomas (8, 11). In light of the findings

of this study, decreased proteasome peptidase activity in

most glioblastomas apparently correlates with the increased

cyclin D1, but not with the decreased p27/Kip.1 expression.
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