
BIOMEDICINE

Expression of different subunits of eukaryotic
translation elongation factor eEF1 in human glial brain
tumors.
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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, eEF1Bb and eEF1Bg. eEF1A has
two different isoforms: eEF1A1 is present throughout development and is ubiquitously expressed with the
exception of adult muscle, while eEF1A2 is developmentally regulated and expressed only in muscle cells
and neurons. Expression of eEF1A1, eEF1A2, eEF1Ba, eEF1Bb and eEF1Bg 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 eEF1A1, eEF1Ba and eEF1Bg subunits as compared to normal brain tissues was
found. However, we have observed approximately 2-fold decrease in the eEF1Bb 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

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 eEF1Bb
catalyze the exchange of GDP for GTP in the eEF1A

molecule, and the eEF1Bg subunit is believed to serve
as a “glue” to keep all subunits of the eEF1B complex
together [2, 3, 4].
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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 eEF1A
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 eEF1Bb and eEF1Bg
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 eEF1A2 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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Fig.1. Northern blot hybridization of [32Ð] 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.



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 eEF1A1, eEF1A2, eEF1Ba,
eEF1Bb and eEF1Bg 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).

 [32P]-labeled probe was produced with RediPrime
II kit (GE Healthcare Bio-Sciences Corp.) using
fragments of the eEF1A1, eEF1A2, eEF1Ba, eEF1Bb
and eEF1Bg cDNAs obtained after digestion of the
plasmid by corresponding endonucleases [14]. 

RNA-containing membrane was incubated with
[32P]-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 0C  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 0C; and finally 
with 0.2 x SSC, 0.1% SDS for 30 min at 65 0C.
Subsequently, the membrane was exposed to a
radiographic film with an intensifying screen at -70 0C.
The membrane was re-hybridized with the [32P]-labeled 
human b-actin cDNA probe used as a control   of RNA
gel loading.

RT-PCR was performed using 1 – 5 ìg 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 --  
f 5’GCATCCTACCACCAACTCGT 3’,

r 5’CAGCATCACCAGACTTCAA 3’; 
eEF1A2  -- 
f 5’GAGAAGCGCTACGACGAGAT 3’,
r 5’CTTCACCGACACGTTCTTCA 3’; 
eEF1Bb  -- 
f 5’ GCGTCAGAAAAATGGCTAC 3’,
r 5’ TCCTCCTCATTGTCACTGCCAAAC 3’.
 Densitometric analysis of the hybridization signals

was performed by the Scion Image program.
Results and discussion.Expression of the eEF1A1, 

eEF1A2, eEF1Ba, eEF1Bb and eEF1Bg 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 eEF1Bb and eEF1Bg 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.2. Northern blot hybridization of [32Ð] marked

probe of eEF1A2 cDNA and b-actin cDNA with
RNA samples of different rabbit tissues (a: L – liver,
B – brain, M – muscles) and human brain tissue (b: 
NB – normal human brain tissue, GB –
glioblastoma, OD – oligodendroglioma), c –
densitometric analysis.

Fig.3. Northern blot hybridization of [32Ð] marked probe of eEF1Bá cDNA and b-actin cDNA with RNA samples of human brain tissue (a:
NB – normal human brain, GB – glioblastoma, AII – astrocytoma II grade, AIII – astrocytoma III grade, OA – oligodendroastrocytoma,
OAII – oligodendroastrocytoma II grade); 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 eEF1Bg subunit is
not necessarily accompanied by overexpression of the
eEF1Bb 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 eEF1Bg (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

expression of this subunit was never observed during
carcinogenesis), the absence of the eEF1Bg
overexpression suggests its non-involvement in the
brain cancer development, contrary to the  tumors of
different origin [8 - 10].

Unexpectedly, no eEF1Bb gene expression was
detected in both normal brain and glioblastoma  by
the Northern blot technique (Fig. 5 a). For a positive
test of the eEF1Bb 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 eEF1Bb
expression in the human brain. The PCR technique
indeed revealed the eEF1Bb expression in normal
brain and glioblastomas (Fig. 6). The  level of 
eEF1Bb mRNA expression is rather low and could be 
beyond a detection limit of the Northern blot
procedure. No difference between the eEF1Bb
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Fig.4. Northern blot hybridization of [32Ð] marked probe of eEF1Bã cDNA and b-actin cDNA with RNA samples of human brain tissue (a:
NB – normal human brain, GB – glioblastoma, AII – astrocytoma II grade, AIII – astrocytoma III grade, OA – oligodendroastrocytoma); b –
densitometric analysis.



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

Low quantity of eEF1Bb 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
eEF1Bb in  the brain samples.

It is necessary to note that the differences were
observed in the eEF1B 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 eEF1Bb 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.5. Northern blot hybridization of [32Ð] marked probe of eEF1Bb 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.



Russian Federation, Grant of the President of Ukraine
for young scientists.

Ì. Â. Âå ðåì’ºâà, Ê. Î. Øîñ òàê, Ò. À. Ìà ëè øå âà, Þ. Ï. Çî çó ëÿ,
Â. Ä. Ðî çó ìåí êî, Â. Ì. Êàâ ñàí, Á. Ñ. Íåã ðóöü êèé

Äîñë³äæåí íÿ åêñïðåñ³¿ ð³çíèõ ñóá îäè íèöü åó êàð³îò íî ãî ôàê òî -

ðà åëîí ãàö³¿ òðàíñ ëÿö³¿ eEF1 ó ãë³àëü íèõ ïóõ ëè íàõ ãî ëîâ íî ãî

ìîç êó ëþ äè íè

Ðå çþ ìå

Åó êàð³îò íèé ôàê òîð åëîí ãàö³¿ òðàíñ ëÿö³¿ 1 (eEF1) º îäíèì ³ç
îñíîâ íèõ êîì ïî íåíò³â òðàíñ ëÿö³éíî ãî àïà ðà òó êë³òèíè, ÿêèé
áåðå ó÷àñòü â åëîí ãàö³¿ á³ëêî âî ãî ëàí öþ ãà. eEF1 ñêëà äàºòüñÿ ç
÷î òèðü îõ ñóá îäè íèöü: eEF1A, eEF1Ba, eEF1Bb ³ eEF1Bg. ²ñíó -
þòü äâ³ òêà íè íîñ ïå öèô³÷í³ ³çî ôîð ìè ñóá îäè íèö³ eEF1A – A1 ³
A2. Åêñïðåñ³þ ãåí³â eEF1A1, eEF1A2, eEF1Ba, eEF1Bb ³ eEF1Bg
ïðî à íàë³çî âà íî Íî çåðí-áëîò ã³áðè äè çàö³ºþ ïà íåë³ ÐÍÊ ïóõ ëèí
³ íîð ìàëü íî ãî ãî ëîâ íî ãî ìîç êó ëþ äè íè ç â³äïîâ³äíè ìè îë³ãî íóê -
ëå î òèä íè ìè çîí äà ìè. Çà ãà ëîì äîñë³äæå íî 23 çðàç êè ãë³àëü íèõ
ïóõ ëèí ³ 10 çðàçê³â íîð ìàëü íî ãî ãî ëîâ íî ãî ìîç êó ëþ äè íè. Íî -
çåðí-ã³áðè äè çàö³ºþ âèç íà ÷å íî â³äñóòí³ñòü â³äì³ííîñ òåé â
åêñïðåñ³¿ ìÐÍÊ ñóá îäè íèöü eEF1A1, eEF1Ba, eEF1Bg òà çíè -
æåí íÿ ê³ëüêîñò³ ìÐÍÊ eEF1Bb â ãë³îá ëàñ òî ìàõ ïîð³âíÿ íî ç
óìîâ íîþ íîð ìîþ ïðè áëèç íî â äâà ðàçè. Òà êîæ ïî êà çà íî çíè -
æåí íÿ ð³âíÿ åêñïðåñ³¿ ìÐÍÊ eEF1A2 â çðàç êàõ ïóõ ëèí ó
ïîð³âíÿíí³ ç óìîâ íî íîð ìàëü íîþ ãë³ºþ ëþ äè íè.

Êëþ ÷îâ³ ñëî âà: eEF1, åó êàð³îò íèé ôàê òîð åëîí ãàö³¿ òðàíñ -
ëÿö³¿ 1, íàä å êñïðåñ³ÿ ãåíà, ãë³àëüí³ ïóõ ëè íè ãî ëîâ íî ãî ìîç êó ëþ -
äè íè.

Ì. Â. Âå ðåìü å âà, Ê. Î.  Øîñ òàê, Ò. À. Ìà ëû øå âà, Þ. Ï. Çî çó ëÿ, 
Â. Ä. Ðî çó ìåí êî, Â. Ì. Êàâ ñàí, Á. Ñ. Íåã ðóö êèé

Èññëå äî âà íèå ýêñ ïðåñ ñèè ðàç íûõ ñóá ú å äè íèö ýó êà ðè îò íî ãî

ôàê òî ðà ýëîí ãà öèè òðàíñ ëÿ öèè eEF1 â ãëè àëü íûõ îïó õî ëÿõ 

ãî ëîâ íî ãî ìîç ãà ÷å ëî âå êà

Ðå çþ ìå

Ýó êà ðè îò íûé ôàê òîð ýëîí ãà öèè òðàíñ ëÿ öèè 1 (eEF1) ÿâ ëÿ åò -
ñÿ îäíèì èç îñíîâ íûõ êîì ïî íåí òîâ òðàíñ ëÿ öè îí íî ãî àï ïà ðà òà 
êëåò êè, ó÷àñ òâó þ ùèé â ýëîí ãà öèè áåë êî âîé öåïè. eEF1 ñî ñòî -
èò èç ÷å òû ðåõ ñóá ú å äè íèö: eEF1A, eEF1Ba, eEF1Bb è eEF1Bg.
Ñó ùåñ òâó þò äâå òêà íåñ ïå öè ôè ÷åñ êèå èçî ôîð ìû ñóá ú å äè íè öû 
eEF1A (À1 è À2). Ýêñïðåñ ñèÿ ãå íîâ eEF1A1, eEF1A2, eEF1Ba,
eEF1Bb è eEF1Bg  ïðî à íà ëè çè ðî âà íà Íî çåðí-áëîò ãèá ðè äè çà öè -
åé ïà íå ëè ÐÍÊ îïó õî ëåé è íîð ìàëü íî ãî ãî ëîâ íî ãî ìîç ãà ÷å ëî âå -
êà. Âñå ãî èñ ñëå äî âà íû 23 îá ðàç öà ãëè àëü íûõ îïó õî ëåé è 10
îá ðàç öîâ íîð ìàëü íî ãî ãî ëîâ íî ãî ìîç ãà ÷å ëî âå êà. Íî çåðí-ãèá ðè -
äè çà öè åé âû ÿâ ëå íî îò ñó òñòâèå îò ëè ÷èé â ýêñ ïðåñ ñèè ìÐÍÊ
ñóá ú å äè íèö eEF1A1, eEF1Ba, eEF1Bg è ñíè æå íèå êî ëè ÷åñ òâà
ìÐÍÊ eEF1Bb â ãëè îá ëàñ òî ìàõ ïî ñðàâ íå íèþ ñ óñëîâ íîé íîð -
ìîé ïðè áëè çè òåëü íî â äâà ðàçà. Òàê æå ïî êà çà íî ñíè æå íèå
óðîâ íÿ ýêñ ïðåñ ñèè ìÐÍÊ eEF1A2 â îïó õî ëå âûõ îá ðàç öàõ ïî
ñðàâ íå íèþ ñ óñëîâ íî íîð ìàëü íîé ãëè åé ÷å ëî âå êà. 

Êëþ ÷å âûå ñëî âà: eEF1, ýó êà ðè îò íûé ôàê òîð ýëîí ãà öèè
òðàíñ ëÿ öèè 1, ñâåðõ ý êñïðåñ ñèÿ ãåíà, ãëè àëü íûå îïó õî ëè ãî ëîâ -
íî ãî ìîç ãà ÷å ëî âå êà.
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Fig.6. Gel-electrophoresis of  PCR products with eEF1Bb (a) and
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in 1% agarose gel. 
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