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The development of endometrial cancer is related to the status of the intracellular protea-
some system. Total proteasome activity and pools 26S and 20S activities are higher in tumor 
tissue than in intact endometrium, and their composition is different. The expression of 
α1α2α3α5α6α7 is lower in endometrial cancer tissue in comparison with intact endometrium 
and the content of immune subunits LMP7, LMP2, and PA28β is increased. Total proteasome 
activity depends on the disease stage.
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Proteasomes characterized by trypsin-like, chymo-
trypsin-like, and caspase-like activities are highly 
important for intracellular protein degradation and 
hence, play an important role in the pathogenesis of 
many diseases, including their contribution to emer-
gence and development of malignant tumors [11]. 
Proteasomes are presented by two pools of 26S and 
20S. 26S pool specifi cally degrades proteins and pep-
tides in the cell, while pool 20S destroys abnormal 
and short-living peptides [2,9]. The subunit composi-
tion of proteasomes is also very important. Carcino-
genesis is associated with substitution of constitutive 
Y and X subunits for immune LMP2 and LMP7 and 
changes in activity of multicatalytic enzymatic com-
plex [8,4].

We previously demonstrated changes in total pro-
teasome activity during the development of endome-
trial cancer [3]. In addition, experimental studies have 
demonstrated apoptotic death of endometrial cancer 
cells under conditions of bortezomib (proteasome in-

hibitor) treatment [7]. However, the data on the activi-
ties of pools 26S and 20S and their subunit composi-
tion in endometrial cancer are scanty.

We compared proteasome activities and subunit 
composition in tumors and histologically intact en-
dometrial tissue and evaluated correlations between 
these parameters and clinical picture of the disease 
and tumor morphology.

MATERIALS AND METHODS

The study was carried out in patients with morphologi-
cally verifi ed endometrial cancer, stages I-II (N=49, 
mean age 56.8±1.5 years). Of these, 13 patients pre-
sented with stage Ia, 24 with stage Ib, 3 with stage Ic, 
and 9 with stage II disease. The volumes of diagnostic 
studies and therapy were in line with algorithms of di-
agnosis and therapy of malignant tumors approved by 
the Ministry of Health and Social Development of the 
Russian Federation and included surgical intervention 
at stage 1 and radiotherapy at stage 2.

Specimens of tumor and histologically normal tis-
sue collected at a distance of at least 1 cm from tumor 
borderline were studied. The specimens were frozen 
directly after collection and stored at -80oC.

Bulletin of Experimental Biology and Medicine, Vol. 153, No. 4, August, 2012 ONCOLOGY



502

For preparing clear homogenate, frozen tissue 
(100 mg) was homogenized in liquid nitrogen and re-
suspended in 300 μl 50 mM Tris-HCl buffer (pH 7.5) 
with 2 mM ATP, 5 mM magnesium chloride, 1 mM 
dithiotreitol, 1 mM EDTA, and 100 mM sodium chlo-
ride. The homogenate was centrifuged for 60 min at 
10,000g and 4oC.

For proteasome fractionation, all procedures were 
carried out at 4oC. Proteins of clarifi ed homogenates 
were fractionated by ammonium sulfate in two stages. 
The 26S proteasome-rich fraction was obtained by 
adding ammonium sulfate to 40% saturation, 20S pro-
teasome fraction was obtained by adding ammonium 
sulfate to 70% saturation [1].

For evaluation of proteasome activity, chymo-
trypsin-like activity of pooled proteasomes (includ-
ing 26S and 20S) was measured in clarifi ed homog-
enates of the tumor and intact tissues by hydrolysis 
of fl uorogenic oligopeptide Suc-LLVY-AMC utilized 
by chymotrypsin-like proteasome centers [6]. The 
reaction mixture for evaluation of activities of total 
proteasome pool and 26S proteasome pool contained 
20 mM Tris-HCl (pH 7.5), 1 mM dithiotreitol, 30 μM 
Suc-LLVY-AMC, 5 mM MgCl2, and 1 mM ATP. The 
composition of the reaction mixture for measurement 
of 20S proteasome pool was the same, except for 
MgCl2 and ATP. The reaction was carried out at 37oC 
for 20 min. The resultant product was registered on 
a Hitachi-850 fl uorometer at stimulation =380 nm 
and emission =440 nm. The quantity of the enzyme 
hydrolyzing 1 nmol Suc-LLVY-AMC over 1 min was 
taken as proteasome activity unit. Specifi c activity of 
proteasomes was expressed in units of activity per mg 
protein. Protein was measured by Lowry’s method.

Electrophoresis was carried out after Laemmly 
in 13% PAAG. The samples were applied in a buffer 
containing 0.0625 M Tris-HCl (pH 6.8), 2% dodecy-
lsulfate, 5% 2-mercaptoethanol, 10% glycerol, and 
0.01% bromophenol blue.

After electrophoresis of clarifi ed homogenate pro-
teins in 13% PAAG with sodium dodecylsulfate the 
polypeptides were transferred onto a Hybond-ECL 
nitrocellulose membrane (Amersham). The membrane 
was incubated for 2 h at 20oC in TNT buffer (10 mM 
Tris-HCl (pH 7.5), 150 mM NaCl, 0.1% Twin-20) and 
then in the same buffer with 5% degreased milk and 
monoclonal antibodies to subunits α1α2α3α5α6α7 or 
LMP7 or Rpt6, or polyclonal antibodies to proteasome 
subunits LMP2 and PA28β (1:2500), washed several 
times in TNT buffer, and incubated (1 h) in TNT buf-
fer with 5% degreased milk and antibodies to peroxi-
dase-conjugated mouse or rabbit IgG (1:10,000). After 
washout, the membrane was processed routinely using 
the system for chemiluminescent detection of proteins 
(Amersham). Band density was evaluated by Image 

J standard software. The results were expressed in 
percent of proteasome subunit content in intact tissue 
(100%).

The results were statistically processed by Statis-
tica 6.0 software. The signifi cance of differences was 
evaluated by MannWhitney’s nonparametrical test.

RESULTS

Proteasome activity in endometrial cancer tissue was 
2.4 times higher than in intact tissue (164.1±25.6×103 
and 76.1±5.0×103 U/mg protein, respectively). Activ-
ity of proteasome 26S pool was by 1.9 times higher 
than in intact tissue, of 20S pool by 1.4 times higher 
(Fig. 1). These data attest to more intense intracellular 
proteolysis resultant from higher activities of all pro-
teasome pools in endometrial cancer tissue in compari-
son with intact endometrium. More active degradation 
of proteins in malignant transformation is related to 
intensive proliferation of cancer cells and apoptosis 
blocking [10].

Changes in proteasome system activity are ex-
plained by its subunit composition [5]. The content of 
subunits α1α2α3α5α6α7, Rpt6, PA28β and immune 
subunits LMP2 and LMP7 was studied by Western 
blotting with specifi c antibodies (Fig. 2). Study of 
the subunit composition of proteasomes in endo-
metrial cancer tissue showed a 24.1% reduction of 
α1α2α3α5α6α7 proteasome subunits in tumor tissue in 
comparison with intact tissue; the level of LMP7 pro-
teasome immune subunit increased by 49%, of LMP2 
by 88%, of PA28β by 29.7%, and of proteasome Rpt6 
ATP-dependent subunit increased by 33.7%. The ap-
pearance of immune subunits in proteasomes leads to 
increase of their activity [4]. Presumably, increased 
content of immune subunit in proteasomes in our study 
was associated with activation of proteasomes and 

Fig. 1. Total proteasome activity and activities of 26S and 20S pools 
in endometrial cancer tissue (light bars) and intact tissue (dark bars). 
*p<0.05 vs. intact tissue.
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their pools in tumor tissue in comparison with intact 
endometrium.

Analysis of correlations of chymotrypsin-like 
ac tivity of proteasomes in tumors with clinical and 
morphological parameters of the disease detected an 
increase in total proteasome activity at later stages 
of the disease (Table 1). Total proteasome activity 
was clearly liable to increase (1.5 and 2.5 times) with 
 deeper invasion of endometrial cancer into the myo-
metrium (stages Ib and Ic, respectively, vs. stage Ia). 
Total activity of intracellular enzymes in the group 
of patients with stage II was 1.6 times higher than 
in patients with stage Ia. This relationship between 
proteasome activity and disease stage is practically im-
portant and deserves a more ample study. Presumably, 
the progress of endometrial cancer is associated with 
more intense intracellular degradation of growth fac-
tors, their receptors, and other important intracellular 
metabolites. No relationship between the studied pa-
rameters and tumor differentiation degree was found.

Hence, the development of endometrial cancer 
is associated with increase of total proteasome activ-
ity and activities of pools 26S and 20S. Changes in 
proteasome activity are related to lower expression of 
α1α2α3α5α6α7 subunits and higher levels of protea-
some subunits LMP2, LMP7, and PA28β. The disease 
progress is associated with increase of total protea-
some activity.T
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Fig. 2. Expression of proteasome subunits in the tumor (1) and intact 
tissue in endometrial cancer (2). a) 123567; b) LMP7; c) 
LMP2; d) PA28; e) Rpt6.
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