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p70S6 kinase (p70S6K) is known as one of major
regulators of translation of some components of pro-
tein synthesis system. p70S6K phosphorylates S6 pro-
tein of ribosomal subunit 40S resulting in selective
translation of unique family of mRNAs that contain
oligopyrimidine tract on 5' transcriptional site and is
named 5’ÒÎÐ [1, 2]. 5'ÒÎÐ mRNAs are coding the
components of translational apparatus including ribo-
somal proteins and elongation factors. There are 2 iso-
forms of p70S6Ê produced from the same transcript
but possessing alternative sites of translational initia-
tion. The shorter form (70 kD) is localized in cytoplasm,
the other has additional 23 aminoacid residues and has
nuclear localization [3]. Presently, 2 isoforms of p70S6K
(with 70% homology) are known — p70S6Kα and
p70S6Êβ [4]. p70S6Ê is regulated via mitogen activat-
ed signal transduction cascades, PI3-kinase, FRAP/
mTOR and some components of Ras/MAP kinase cas-
cade [5].

It has been shown that p70S6K gene is amplified
and hyperexpressed in the samples of human breast
cancer [6, 7]. The high level of expression p70S6K and
Akt as well as increased level of their phosphorylation
were detected in tissues of human thyroid tumors com-
pared to normal tissues; it is supposed that those mo-
lecules may participate in tumor progression via stimu-
lation of cell proliferation or hindering of apoptosis by
phosphorylation of proapoptotic BAD molecule [8, 9].

Constitutive activation of p70S6K upon malignant
transformation of human cells causes dysregulation of
cellular growth. FRAP-p70S6K signal cascade is im-
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portant event in the G1 → S cell cycle transition of
duodenal tumor cell line [10]. The increased activity of
p70S6K, MAPK in spontaneous and implanted murine
hepatocellular carcinoma compared to adjusting tis-
sues has been shown in vivo. Basal kinase activity cor-
relates with the degree of malignancy: carcinoma and
sarcoma possess higher levels of p70S6K activity than
adenoma [11]. Constitutive activation of p70S6K was
shown in primary human leukemia and myeloma [12].
Our own results have demonstrated the increase of
p70S6K expression in Guerin’s carcinoma cells com-
pared to control samples, especially on initial stages
of tumor development [13]. Taking to account that
p70S6Kα and p70S6Kβ isoforms are expressed at dif-
ferent levels in tumor cells [13] and have different
mechanisms of regulation both of activities and trans-
lation [14, 15], the present research has been aimed
on the study of expression of α and β isoforms of
p70S6K in human endometrial tumors.

MATERIALS AND METHODS
Tissue and blood serum samples. In the work,

18 samples of endometrial tumors paired with condi-
tionally normal adjusting endometrial/myometrial tis-
sue samples from surgically resected tumors of pa-
tients cured in the Institute of Oncology of AMS of
Ukraine (Kyiv, Ukraine) were studied. By histological
examination, 16 tumors were classified as adenocar-
cinoma, and 2 — as adenosquamous cancer. All pa-
tients didn’t undergo chemotherapy or irradiation thera-
py prior to surgery. Samples of blood serum of patients
were collected prior to surgery and were stored at
–20 °Ñ in 50% glycerol. The pool of blood sera sam-
ples from healthy donors was used as a control.

Immunoblotting. Tissue samples were frosen in
liquid nitrogen and stored at –70 °Ñ. Homogenates were
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obtained by mechanical grinding in lysis buffer (20 mÌ
Tris-ÍÑl, ðÍ 7.5; 150 mÌ NaCl; 1% Triton Õ-100; 1 mÌ
ÅDÒÀ; 1 mÌ ÅGÒÀ; 50 mÌ NaF; 1 mÌ Na3VO4 and kit
of inhibitors of proteases (Boehringer Mannheim, Ger-
many)). Lyzates were centrifugated at 13000 g for
20 min, concentration of proteins was evaluated by
method of Grinberg, and samples (30 µg of protein)
were applied on Laemmli electrophoresis in 7–22%
PAAG gradient. Electrotransfer of proteins on nitrocel-
lulose membrane was performed for 12 h at voltage
30 V in buffer solution containing 50 mM Tris-HCl;
200 mM glycine and 20% methanol. Then nitrocellu-
lose sheets were washed for 10 min in PBS, and the
sites of nonspecific sorbtion were blocked with 5% so-
lution of dry fat-free milk and 0.1% Tween-20. Immu-
noblot-analysis was performed with the use of mono-
clonal antibodies (MoAb) to full-sized form of p70S6Êα
or polyclonal rabbit antibodies against C-terminal frag-
ment of p70S6Êβ. Antimouse and antirabbit antibo-
dies conjugated with horse-raddish peroxidase (San-
ta-Kruz, USA) were used as secondary antibodies.
Blots were developed using ECL kit (Amersham, UK).

Isolation of RNAs and RT-PCR analysis. Total
RNA was isolated by acid-phenol extraction using
“RIBO-zole” kit (Russia). The quality of RNA prepara-
tion was tested by electrophoresis in 1% agarose gel
that contained formaldehyde. The next specific oligo-
nucleotide primers were used: forward — 5'-ttggggcatt-
tacatcaaaaggg — for p70S6Êα cDNA and 5'- ggatcgc-
cgccctttaccgca — for p70S6Êβ cDNA; reverse: 5'-
cccag(a/g)aag(a/g)cctg(a/g)ttggcact — for complemen-
tary fragments of both genes. In RT-PCR, mentioned
primers are restricting 613 bp fragment for p70S6Êα
cDNA and 364 bp — for p70S6Êβ cDNA. As a positive
control, RT-PCR for G3PDH with the use of primers
5' — tgaaggtcggagtcaacggatttggt/5' — catgtgggccat-
gaggtccaccac was done.

cDNAs were obtained using Ì-Mlv reverse tran-
scriptase according to protocol of manufacturer (Re-
verta, R2-1, Russia) with reverse primer. PCR was
performed by protocol ÌÂ² Fermentas at 96 °Ñ for 15 s,
at 65 °Ñ for 20 s, at 72 °Ñ for 30 s. Amplification was
performed in 35 cycles by Hot Start. PCR products were
separated by 2.5% agarose gel electrophorsis.

Immunohistochemical analysis. Tissue samples
after surgery were fixed in Bouin’s solution for 24 h at
room temperature, stored in 70° ethanol, and dehy-
drated in spirits with increasing concentration. Ethanol
was removed using methylbenzoate (Aldrich, Germa-
ny), then samples were saturated with paraffine at
56 °Ñ, and paired blocks of tumor and control tissues
were prepared as well as 5 µm slides using microtom-
me REICHERT-JUNG Mod. 1140/Autocut (Austria).

Immunohistochemical research was performed on
paraffine slides by the method of nondirect antigen
detection with the use of avidin-biotin system. Slides
were deparaffinized in 2 xylol replacements and then
washed with 96° and 70° spirits for 10 min, distilled
water — for 1–2 min and PBS — for 10 min, incubated
for 30 min in 0.3% H2O2 solution (to block endogenic

peroxidase activity). Nonspecific absorbtion was
blocked using Biotin blocking system (DAKO, Den-
mark). Then slides were washed with PBS for 5 min
and twice — with PBS-Tween-80 (0.01%) — for 5 and
10 min. Anti-p70S6Kα-MoAbs diluted with PBS
(pH 7.2) containing 1% BSA at titer 1 : 2000 were used.
Incubation of slides with first antibodies was done for
12 h at 4 °Ñ in humidified athmosphere, then slides were
washed with PBS for 10 min and PBS-Tween-80
(0.01%) — for 10 min, incubated with murine antibo-
dies (Sigma, USA) at a titer 1 : 400 for 2 ãîä at 20 °Ñ,
and then washed as above mentioned. To develop the
staining, avidin-biotin system (Vectastain ABC Kit,
Vecor Lab, USA) was applied according to instructions
of manufacturer. Slides were incubated with ABC for
30 min at 20 °Ñ, washed, incubated with íà 0.003%
H2O2 — 0.05% 3,3'- diaminebenzidinetetrahydroclo-
ride (Sigma, USA) — PBS (pH 7.2) for 1 min, and then
the reaction was stopped with distilled water. Cell nu-
clei were stained also with Mayer’s hematoxylin. As
negative control, slides were treated with 1% BSA so-
lution and murine blood sera diluted 1 : 2000.

Determination of autoanti-p70S6Kααααα antibodies
in blood sera of patients (ELISA). Recombinant
p70S6Êα was placed in plates for immunoenzyme as-
say (Nunc, Denmark); 1 µg in 100 µl PBS (ðÍ 7.5) per
well) for 12 h at 4 °Ñ. Then plates were triply washed
with PBS-Tween 20 (0.1%), treated with PBS-Tween
20 (0.1%) solution for 3 h (to block nonspecific bin-
ding), and then blood sera in titers 1 : 100; 1 : 200;
1 : 400; 1 : 800; 1 : 1600; 1 : 4000; 1 : 10 000; 1 : 25 000
were added for 12 h. To develop the staining, anti-
IgG-human antibodies conjugated with horse-raddish
peroxidase (Sigma, USA) at a titer 1 : 5000 and ABTS
kit (Amersham, UK) were used. To evaluate the stain-
ing, Platereader Anthos 2001 (Anthos Labtec Instru-
ments, Austria) at wave length 405 nm was used.

RESULTS AND DISCUSSION
The results of Western-blot analysis have shown that

in 56% of endometrial tumor samples the level of
p70S6Êα expression was 2–5-folds higher than that in
tissues surrounding tumor (Fig. 1). 67% of tumor sam-
ples were characterized by increased p70S6Êβ expres-
sion compared to conventionally normal tissues (Fig. 2).
In case 11 the content of p70S6Êα and β was the same
as in respective control and in case 3 — lower than in
control. In cases 9, 10, 14, the expression of α-isoform
wasn’t detected, of β-isoform — slightly higher in tumor

Fig. 1. Western blot analysis of p70S6Kα expression in human
endometrial tumors: C — control (recombinant p70S6Kα); 1N–
18N — normal tissue samples; 1T–18T — tumor tissue samples
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cells than in normal ones (possibly due to higher affinity
of polyclonal antibodies compared to monoclonal).

RT-PCR analysis has revealed (Table) that con-
ventionally normal tissues are characterized by low level
of p70S6Êα and β mRNAs. Comparison of p70S6Êα
mRNA expression in tumor samples revealed no cor-
relation between levels of mRNA for p70S6Êα and re-
spective protein in analyzed samples. In 4 cases (¹ 4,
5, 7, and 9) high levels of p70S6Êα mRNA and low
levels of p70S6Êα protein were detected; in other cases
the relation is reverse. The low level of p70S6Êα pro-
tein upon high contect of respective mRNA one may
explain by low efficacy of translation as it was reported
earlier [16].

liferation (dense cell placement, round shape of cells,
absence of vessel emptiness and their faltering basal
membrane) (Fig. 4, à, â). Those data partially explain
the data of Western blot analysis on increased level of
p70S6Kα expression in some samples of normal tis-
sues. We hypothetise that p70S6Kα is taking part in
proliferation processes in vessels of tissues surroun-
ding tumor and may be linked to angiogenesis and vas-
cularization of tumors. Some reports have demonstrated
activation of ERK, p38 MAP kinase, PI3 kinase and
p70S6Ê in endothelial cells of human umbilical vein by

Fig. 2. Western blot analysis of p70S6Kβ expression in human
endometrial tumors: C — control (MCF7 cells lyzate); 1N–18N —
normal tissue samples; 1T–18T — tumor tissue samples

Table. Expression of p70S6K α/β mRNAs in samples of human endometrial 
tumors 

p70S6Kα p70S6Kβ Case 
N T N T 

1 + ++ + ++ 
2 + ++ ++ +++ 
3 + + + ++ 
4 – +++ + ++ 
5 + +++ + +++ 
6 – + + + 
7 – +++ + +++ 
8 – + + ++ 
9 – +++ + +++ 
11 – – + + 
12 + + + +++ 
13 – – + +++ 
15 + +++ + +++ 
16 – – + + 
17 – – + + 
18 + + + +++ 

Notes: N — normal tissue; T — tumor tissue. 
– — cDNA fragment isn’t detected; 
+ — cDNA fragment is detected with low intensity;  
++ — cDNA fragment is detected with moderate intensity; 
+++ — cDNA fragment is detected with high intensity. 

Fig. 4. p70S6Êα expression in conditionally normal tissues:
a) diffuse localization of p70S6Êα in cytoplasm; b) vessel en-
dothelium. Nuclei stained by hematoxylin. õ 250

a

b

Fig. 3. Expression of p70S6K α/β mRNAs in surgical specimen
(case 5). Lane 1 — molecular weight marker (100 bp ladder).
Expression of G3PDH mRNAs in normal (lane 2) and tumor
(lane 3) tissues. Expression of p70S6Kα mRNAs in normal (lane 4)
and tumor (lane 5) tissues. Expression of p70S6Kβ mRNAs in
normal (lane 6) and tumor (lane 7) tissues

In 75% of tumor samples, the level of p70S6Êβ
mRNA is higher than that in paired controls (where it
was relatively low), and for that isoform the correlation
in mRNA and protein expression is observed. On mRNA
level, p70S6Êβ content is higher than that of p70S6Êα
(Fig. 3). Our results are in contrary to the data on in-
vestigation of breast cancer samples where expres-
sion of α-isoform was significantly higher than expres-
sion of β-isoform [16].

According to the data of immunohistochemical ana-
lysis, conditionally normal endometrial/myometrial tis-
sues surrounding tumor possessed low basal level of
p70S6Kα expression in epithelial cells and myocytes
and relatively increased expression — in the endothe-
lial cells of vessels, especially those with signs of pro-
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VEGF [17], activation of PI3 kinase, ð70S6K and Akt
by FGF2 in endothelial cells of retina resulting in stim-
ulation of retinal angiogenesis [18], activation of p70S6K
in rat arteries upon their damage [19] and in the heart
upon rise of blood pressure [20].

The majority of tumor samples were characterized by
increased level of p70S6Kα expression in comparison with
conventially normal tissues surrounding tumor. Nearly
11.3% of tumor cells possess high level of p70S6Kα ex-
pression, the rest — basal level of p70S6Kα expression,
however higher than that of control tissues. p70S6Kα ex-
pression in endometrial tumors demonstrated pronounced
polymorphism: in the sites with high level of differentia-
tion, the glandular structures with different intensity for anti-
p70S6K-staining were observed (Fig. 5, a, b). The cyto-
plasmic staining of p70S6Kα also varied: it may be diffu-
se and uniform, or looks like microvesicles or granule-like
structures, or be localized on basal or apical cell surface
(Fig. 6, à). Such polymorphism of p70S6Kα distribution in
tumor cells points to the dependence of localization of
enzyme from functional state of the cell.

All studied samples were characterized by hyper-
expression of p70S6Kα in tumor stroma (Fig. 6, b) that
in many cases was higher than in non-stromal tumor
cells. This phenomenon may be possibly explained by
mitogenic stimulation of stromal cells and requires fur-
ther investigation.

Expression of nuclear form of p70S6K was observed
rarely in single tumor cells; its hyperexpression in myo-
cytes was detected only in one case. The analysis of autoimmune anti-p70S6Kα response

has revealed the stable level of anti-p70S6Kα autoanti-
bodies in blood sera of patients with endometrial cancer
compared to healthy donors (Fig. 7). However, in 3 cases
mentioned index was higher by 50%, and in 1 case —
more than 2-folds higher (this patient has stage IY of dis-
ease). Possibly, autoimmune anti-p70S6Kα response is
linked to the latest stages of cancer progression.

In conclusion, according to data of other authors [7,
8] and presented results, p70S6K gene may be conside-
red as a potential oncogen; at the same time isoforms of
p70S6K may play the different roles in malignant trans-
formation and progression of human endometrial tumors.
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Fig. 7. Relevant levels of anti-p70S6Ka autoantibodies in the sera
of patients with uterine tumors in comparison to healthy donors

Fig. 6. Expression of p70S6Êα in uterine adenocarcinoma: a) tu-
mor cells; b) tumor stroma. Nuclei stained by hematoxylin. õ 250
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Fig. 5. Expression of p70S6Êα in uterine adenocarcinoma:
a) tumor cells; b) grandular structures. Nuclei stained by hemato-
xylin. õ 250
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ÝÊÑÏÐÅÑÑÈß ααααα- È βββββ-ÈÇÎÔÎÐÌ Ð70S6-ÊÈÍÀÇÛ
Â ÎÏÓÕÎËßÕ ÝÍÄÎÌÅÒÐÈß ×ÅËÎÂÅÊÀ
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Öåëü ðàáîòû: èññëåäîâàòü õàðàêòåð è çàêîíîìåðíîñòè ýêñïðåññèè p70S6Ê ααααα è βββββ â îïóõîëÿõ ýíäîìåòðèÿ ÷åëîâåêà
è óñëîâíî-íîðìàëüíûõ òêàíÿõ, îêðóæàþùèõ îïóõîëü. Ìåòîäû: èññëåäîâàíèå ïðîâåäåíî c èñïîëüçîâàíèåì ìåòîäîâ
Âåñòåðí-áëîòòèíãà, ELISA, èììóíîãèñòîõèìè÷åñêîãî, RT-PCR íà 16 îáðàçöàõ àäåíîêàðöèíîìû òåëà ìàòêè ÷åëîâåêà
è 2 îáðàçöàõ àäåíîñêâàìîçíîãî ðàêà è ñûâîðîòêàõ óêàçàííûõ ïàöèåíòîê. Ðåçóëüòàòû: ìåòîäîì Âåñòåðí-áëîò-
àíàëèçà âûÿâëåíà ãèïåðýêñïðåññèÿ p70S6Êααααα è p70S6Êβββββ â 56 è 67% îáðàçöàõ àäåíîêàðöèíîìû òåëà ìàòêè
ñîîòâåòñòâåííî. Óðîâåíü ìÐÍÊ p70S6Êβββββ â îïóõîëÿõ ýíäîìåòðèÿ ïðåâûøàë òàêîâîé p70S6Êααααα è êîððåëèðîâàë ñ
ýêñïðåññèåé áåëêà. Ñ ïîìîùüþ èììóíîãèñòîõèìè÷åñêèõ ìåòîäîâ âûÿâëåíî ïîâûøåíèå óðîâíÿ ýêñïðåññèè p70S6Êααααα
â ñòðîìàëüíûõ êîìïîíåíòàõ îïóõîëåé, ýíäîòåëèè ñîñóäîâ îïóõîëè è óñëîâíî-íîðìàëüíîé òêàíè, îêðóæàþùåé
îïóõîëü. Âûâîäû: p70S6Kααααα è p70S6Kβββββ ìîãóò âûïîëíÿòü àëüòåðíàòèâíûå ôóíêöèè ïðè çëîêà÷åñòâåííîé
òðàíñôîðìàöèè è ïðîãðåññèè ðàêà ýíäîìåòðèÿ ÷åëîâåêà.
Êëþ÷åâûå ñëîâà: p70S6Kααααα, p70S6Kβββββ, ýêñïðåññèÿ, ðàê òåëà ìàòêè, àäåíîêàðöèíîìà.
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