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Eukaryotic elongation factor 1 (eEF1) mediates the binding of aminoacyl-tRNA to the ribosome in
GTP-dependent manner. eEF1 consists of four subunits: eEF1A, eEF1Ba, eEF1Bp and eEF1By. eEF1A4 has
two different isoforms: eEF1A41 is present throughout development and is ubiquitously expressed with the
exception of adult muscle, while eEF1A42 is developmentally regulated and expressed only in muscle cells
and neurons. Expression of eEFI1AI, eEFI1A2, eEF1Ba, eEFIBB and eEF1By genes was analyzed by
Northern blot hybridization of a panel of brain tumor and normal brain tissue RNAs. Totally 23
glioblastoma and 10 normal brain samples were investigated. In gliomas, no meaningful difference in the
mRNA content for the eEF1A1l, eEF1Ba and eEF1By subunits as compared to normal brain tissues was
found. However, we have observed approximately 2-fold decrease in the eEFI1BB mRNA expression in
human gliomas as compared to normal human brain by Northern blot analysis. Besides, we have shown
reduced level of the eEF1A2 mRNA expression in glioblastoma as compared to normal human glia.

Keywords: eEF1, eukaryotic translation elongation factor 1, overexpression of genes, human glial brain
tumors.

Introduction. Elongation factor 1 (eEF1) is a
multiprotein complex playing a pivotal role in the
translation of genetic information in eukaryotic cell.
The complex consists of four functionally different
subunits: eEF1A is responsible for the delivery of
correct aminoacyl-tRNA to the A- site of
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mRNA-programmed 80S ribosome and supposedly
facilitates the transport of deacylated tRNA back to the
aminoacyl-tRNA synthetase for recharging [1]. The
structurally different subunits eEF1Ba and eEF1Bf
catalyze the exchange of GDP for GTP in the eEF1A
molecule, and the eEF 1By subunit is believed to serve
as a “glue” to keep all subunits of the eEF1B complex
together [2, 3, 4].
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Fig.1. Northern blot hybridization of [*P] marked probe of eEF1A1 ¢cDNA and B-actin cDNA with RNA samples of human brain tissue (a:
NB — normal human brain; GB — glioblastoma; OD — oligodendroglioma), b — densitometric analysis.

It is becoming increasingly evident that the
constituents of mammalian translation machinery
play an important role in carcinogenesis. A recent
research has shown clearly a potential oncogenic role
of the translation elongation factors. Thus, eEF1A
besides its well known housekeeping role might
participate in the malignant transformation of cells.
The transformation ability of eEF1A1 was assumed
long time ago [5], but recently the important role in
carcinogenesis has been ascribed to another isoform
of eEF1A — eEF1A2. The expression of the eEFI1A
isoforms is mutually exclusive: eEF1A2 is found in
brain and muscles while eEF1A1 is present in all
other tissues of the organism. The appearance of the
eEF1A2 isoform in non-inherent tissues such as
ovary or mammary gland is directly linked to
carcinogenesis [6, 7]. Since the eEF1A2 isoform is
normally expressed in neuronal rather than glial
brain tissue it is tempting to investigate if glial types

of cancer could be coupled with the admission of
eEF1A2.

Overexpression of the eEFIBf and eEF1By
subunits was also found in certain types of human
cancer [8 - 12]. However, no information about
expression of the eEF1B complex in brain cancer is
available until now.

The aim of present work is to investigate the
expression level of mRNAs coding all subunits of the
eEF1 complex including the eEF1 A2 isoform in human
glioblastomas and normal brain.

Materials and methods. The samples of astrocytic
gliomas, World Health Organization (WHO) II — IV
grade, were obtained from the A.P. Romodanov
Institute of Neurosurgery (Ukraine). The tumors were
classified on the basis of examination of hematoxilin
and eosin stained sections of the surgical specimens
according to the WHO criteria. The surgical specimen
of histologically normal brain tissue adjacent to the
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tumor serves as a source of normal adult human brain
RNA.

The samples of embryonic tissues were obtained
from the Center of Embryonic Tissues “EM CELL”
(Ukraine).

Plasmids with eEF1Al, eEF1A2, eEFI1Ba,
eEF1BpB and eEF1By cDNAs inserts were received
from V. Shalak, Institute of molecular biology and
genetics NASU, Ukraine, C. Knudsen, Aarhus
University, Denmark and G. Sheu, Chung Shan
Medical University, Taichung, Taiwan.

Total RNA was isolated from frozen tissues
according to Chomczynski and Sacchi [13]. RNA (0.01
mg per lane) was electrophoretically separated in a
1.5% agarose gel containing 2.2 M formaldehyde and
then transferred to a Hybond-N nylon membrane (GE
Healthcare Bio-Sciences Corp., USA).

[*P]-labeled probe was produced with RediPrime
II kit (GE Healthcare Bio-Sciences Corp.) using
fragments of the eEF1A1, eEF1A2, eEF1Ba, eEF1Bj
and eEF1By cDNAs obtained after digestion of the
plasmid by corresponding endonucleases [14].

RNA-containing membrane was incubated with
[*P]-labeled cDNA probes in 50% formamide, 5 x
SSC, 5 x Denhardt’s solution, 0.5% SDS and 0.01
mg/ml salmon sperm DNA at 42 °C overnight.

Extensive washing was performed twice with 2 x
SSC, 0.1% SDS for 15 min at room temperature; once
with 2 x SSC, 0.1% SDS for 30 min at 65 "C; and finally
with 0.2 x SSC, 0.1% SDS for 30 min at 65 °C.
Subsequently, the membrane was exposed to a
radiographic film with an intensifying screen at -70 °C.
The membrane was re-hybridized with the [**P]-labeled
human (-actin cDNA probe used as a control of RNA
gel loading.

RT-PCR was performed using 1 — 5 mg of total
RNA and RevertAid M-MuLV Reverse Transcriptase
(“Fermentas”,  Lithuania) according to the
manufacture’s protocol under the following conditions:
94 °C 3 min, followed by 25 cycles each of 94 °C 30 sec,
58°C 60 sec and 72 °C 60 sec and after the last one 72 °C
7 min. PCR products were analyzed by separating in
1% agarose gel.

Primer sequences were as follows:

eEF1A1 -

f5’GCATCCTACCACCAACTCGT 3,
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r 5’CAGCATCACCAGACTTCAA 37;

eEF1A2 -

£ 5’"GAGAAGCGCTACGACGAGAT 3,

r 5’CTTCACCGACACGTTCTTCA 3’;

¢EFIBf -

£5” GCGTCAGAAAAATGGCTAC 3°,

15 TCCTCCTCATTGTCACTGCCAAAC 3°.

Densitometric analysis of the hybridization signals
was performed by the Scion Image program.

Results and discussion.Expression of the eEF1A1,
eEF1A2, eEF1Ba, eEF1Bp and eEF1By genes was
analyzed by Northern blot hybridization of a panel of
brain tumor and normal brain tissue RNAs. Totally 23
glioblastoma and 10 normal brain samples were
investigated.

The mRNA, coding for glial tissue eEF1A1
isoform, is found to be highly expressed, and no
difference in the eEF1A1 mRNA level was found
between normal brain and glioblastoma samples
(Fig.1).

Normally the eEF1A2 isoform is expressed in
neurons rather than in glial tissue. Since the samples of
normal brain represented mix of glia and neurons, a
positive signal of eEF1A2 expression was possible to
be detected in these samples. It is thought that the
appearance of eEF1A2 in non-specific for this isoform
tissue is related to the carcinogenesis [6, 7]. Therefore,
it is of substantial interest to research if the expression
of eEF1A2 commences during glial cancer, namely in
astrocytic gliomas of different grades. In control
experiments the eEF1A2 cDNA was hybridized with
total RNA isolated from the rabbit muscles, brain and
liver. A high level of expression was observed in the
muscle sample, less intense signal was detected with
RNA from the brain tissue and no signal in the liver
sample (Fig. 2 a). Importantly, a low occurrence of the
eEF1A2 mRNA was observed in the gliomas samples
(Fig.2 b).

Thus, the isoforms of eEF1A, which were directly
shown oncogenic in several cell lines and tissues, do
not reveal elevated level of mRNA in glioma brain
tumors.

The genes coding for eEF 1B and eEF 1By subunits
of eEF1B complex were shown to be overexpressed in
different types of cancer [8 - 12]. No information about
their mRNAs level in the brain tumors is now
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Fig.3. Northern blot hybridization of [**P] marked probe of eEF1B6 cDNA and B-actin cDNA with RNA samples of human brain tissue (a:
NB — normal human brain, GB — glioblastoma, AIl — astrocytoma II grade, AIIl — astrocytoma III grade, OA — oligodendroastrocytoma,
OALII - oligodendroastrocytoma II grade); b — densitometric analysis.
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Fig.4. Northern blot hybridization of [*P] marked probe of eEF1Br cDNA and B-actin cDNA with RNA samples of human brain tissue (a:
NB —normal human brain, GB — glioblastoma, AIl — astrocytoma II grade, AIIl — astrocytoma III grade, OA — oligodendroastrocytoma); b —

densitometric analysis.

available. Interestingly, despite the subunit
stoichiometry in the eEF1B complex being 1:1:1 the
expression level of different subunits during
carcinogenesis is not always coordinated [8 - 12]. In
other words, overexpression of the eEF1By subunit is
not necessarily accompanied by overexpression of the
eEF1Bp subunit and vise verse. It suggests a novel,
non-translational, cancer-related function of the
subunits. Therefore, it is important to analyze the level
of expression of the eEF1B complex subunits in the
normal and cancerous brain.

No differences in the expression level of eEF1Ba
(Fig. 3) and eEF 1By (Fig. 4) genes in the brain tumor
comparing to the normal brain samples were found by
Northern blot hybridization of corresponding cDNAs
with panel of RNAs derived from the brain tissue. If the
equally high expression of eEF1Ba in normal and
cancer tissues was not surprising (the elevated
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expression of this subunit was never observed during
carcinogenesis), the absence of the eEFIBy
overexpression suggests its non-involvement in the
brain cancer development, contrary to the tumors of
different origin [8 - 10].

Unexpectedly, no eEF1B[} gene expression was
detected in both normal brain and glioblastoma by
the Northern blot technique (Fig. 5 a). For a positive
test of the eEFI1BP expression we used human
embryonic tissues where the eEF1BB mRNA was
observed (Fig.5 b). Consequently, more sensitive
RT-PCR method was used to examine the eEF1Bf
expression in the human brain. The PCR technique
indeed revealed the eEFI1B[ expression in normal
brain and glioblastomas (Fig. 6). The Ilevel of
eEF 1B mRNA expression is rather low and could be
beyond a detection limit of the Northern blot
procedure. No difference between the eEF1Bf
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Fig.5. Northern blot hybridization of [**P] marked probe of eEF 1B cDNA and B-actin cDNA with RNA samples of human brain tissue (a:
NB —normal human brain; GB — glioblastoma; OD — oligodendroglioma) and human embryonic tissues (c: 1 —kidney, 6 weeks; 2 —kidney, 7
weeks; 3 —brain, 6 weeks; 4 —brain, 7 weeks; 5 —liver, 6 weeks; 6 —liver, 7 weeks; 7 —liver, 8 weeks; 8 —liver, 9 weeks; 9 —liver, 10 weeks),

b — densitometric analysis.

mRNA level in normal brain and glioblastoma could
be disclosed at present.

Low quantity of eEF1B mRNA in the brain is a
surprising finding taking into account aforementioned
1:1:1 stoichiometry of the eEF1B complex. It was
suggested recently that M4 muscarinic receptor could
take over the GDP/GTP exchange role for eEF1A in
some tissues [16] thus explaining low presence of
eEF1Bp in the brain samples.

It is necessary to note that the differences were
observed in the eEFIB subunits expression level
between individual tumors, with a few tumors samples
exhibiting either high or low amounts of individual

transcripts. Such differences in gene expression
undoubtedly contribute to the observed heterogeneity
in the biological properties of cancers derived from the
same organ.

Further investigation of the eEF1B subunits level by
Western blotting will help to reveal more accurately the
composition of the eEF1B complex in the human brain
and a possible cancer-related role of eEF1Bf subunit.

This work was partially supported by INTAS, the
Fund for Fundamental Research of MES, Ukraine,
cooperation between NAS of Ukraine, France and
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Fig.6. Gel-electrophoresis of PCR products with eEF1Bf (a) and
B-actin (b) primers (NB — human normal brain; GB — glioblastoma)
in 1% agarose gel.
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M. B. Bepem’esa, K. O. llocmax, T. A. Maruwesa, IO. I1. 303ya1,
B. /1. Posymenxo, B. M. Kascan, b. C. Heepyyvkuii

Jlocnikenns excnpecii pi3HUX CyOOJMHUIb €YKapioOTHOTO (haKTo-
pa enonrarii tpancasnii eEF1 y rmianpHUX myXJIHMHAX TOJIOBHOTO

MO3KY JJIOOIUHHA

Pesrome

Eykapiomnuii haxmop enoneayii mpancasyii 1 (eEF1) ¢ oOnum i3
OCHOBHUX KOMNOHEHMI8 MPAHCIAYIUHO20 anapamy KiimuHu, SKuil
bepe yuacmb 6 enoneayii 6inkogozo nanyioza. eEF1 ckradacmocs 3
yomupwvox cyboounuys: eEF1A, eEF1Bo, eEF1BB i eEF1By. Ichy-
ome 081 mrkanHuHocneyu@iuni isopopmu cyboounuyi eEFIA — Al i
A2. Excnpeciio cenie eEFI1A1, eEFI1A2, eEF1Bo, eEFIBBi eEF 1By
npoauanizosano Hozepu-onom 2ibpuousayieio naneni PHK nyxaun
[ HOpMABLHO20 207108HO20 MO3KY JTHOOUHU 3 BIONOBIOHUMU OJII2OHYK-
neomuOHumu 30H0amu. 3azanom 0ocnioxceno 23 3pasku 2aiaibHUx
nyxaun i 10 3paskie HOpMaANIbHO20 20108H020 MO3KY At0ouHu. Ho-
3epH-2IOpUOU3aYIEr0 BUHAYEHO BIOCYMHICMb BIOMIHHOCMEl 6
excnpecii MPHK cyboounuys eEFI1A41, eEF1Ba, eEFI1By ma 3Hu-
ocenns kinokocmi MmPHK eEF1BP 6 eniobnacmomax nopigusno 3
YMOBHOIO HOPMOIO NpubaAU3HO 8 06a paszu. Takodc noxkazano 3Hu-
oicennss piena excnpecii mPHK eEFIA2 ¢ 3pa3kax nyxaunm y
NOPIBHAHHT 3 YMOBHO HOPMATLHOIO 2NIEI0 TI0OUNIL.

Knwuoesi crosa: eEF 1, eykapiomnuii pakmop enoneayii mpauc-
nayii' 1, naoekcnpecis eena, enianbHi RYXAUHU 20108HO20 MO3KY 10~
ounu.

M. B. Bepemvesa, K. O. Lllocmax, T. A. Manvuwesa, 0. I1. 303y11,
B. /1. Posymenxo, B. M. Kascan, b. C. Heepyyxuii

HccnenoBanne 3KCIPECCHH Pa3HBIX CYOBEAMHHUI] 3YKapHOTHOI'O
(daktopa snouranuu tpancasuun eEF 1 B rananbHbIX 0myXosix

TOJIOBHOI'O MO3ra 4€JI0BCKa

Pesrome
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Dykapuomnuiii hakmop snoneayuu mpanciayuu 1 (eEF1) sensnem-
€51 OOHUM U3 OCHOBHBIX KOMNOHEHNO8 MPAHCIAYUOHHO20 ANNApama
KIemKu, yuacmeyiowuil 6 s1oneayuu beakogou yenu. eEF1 cocmo-
um u3z vemuipex cyoveounuy: eEFIA, eEF1Bo, eEFI1BB u eEF1BYy.
Cywecmeyiom dse mrkanecneyuduieckue uzopopmul cyoweOuHuybl
eEF1A (Al u A2). Dxcnpeccus cenoe eEF1A41, eEF1A2, eEF1Bo,
eEF1BBueEF 1By npoananusuposana Hozepn-61om eubpudusayu-
eti naneau PHK onyxoneil u HOpManbHo20 201061020 MO32a Uenose-
Ka. Bcezo uccnedosanvr 23 obpasya enuanvhwix onyxoneu u 10
00pa3y06 HOPMAILHO20 2011061020 MO32a Yenoseka. Hoszepu-eubpu-
ousayuell 8viAgIeH0 omcymcemeue omaudui 6 skcnpeccuu MmPHK
cyoveounuy eEF1A1, eEF1Ba, eEF1BY u chudcenue Koauvecmea
MPHK eEF 1B 6 enuobracmomax no cpagueHuro ¢ yCio8HOU HOp-
Mot npubnuzumenvro 6 0sa pasza. Takdce NOKA3AHO CHUdICEHUE
yposHs skcnpeccuu MPHK eEF1A2 ¢ onyxonegvix obpasyax no
CPABHEHUIO € YCI0BHO HOPMANLHOU 2lUell Yell08eKd.

Kurouegvie cnosa: eEF1, sykapuomuuvli ¢haxmop snoneayuu
mpancaayuu 1, ceepxskcnpeccus 2end, 2nuaibible ONYXoau 207106-
HO20 MO32a YenoseKd.
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