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During postnatal development, the switch of the expression from isoform Al to the isoform A2 of eukaryotic
translation elongation factor (eEF1A) is observed in neuronal and muscle tissues. The switch of the expression is
a vital fundamental process, as mutant mice, with the partial EEF1A2 deletion dies on the 28" day after birth.
Mechanism of the inhibition of Al and stimulation of A2 expression during the first days of postnatal
development is unknown. The existence of potential miRNA binding sites in the 3'UTR of mRNAs encoding the
isoforms assumes a post-transcriptional control of abovementioned phenomenon. Aim. To check the possibility
of post-transcriptional regulation of the isoforms Al and A2 expression during differentiation of the human
immorta- lized myoblasts cell line LHCN. Methods. The level of gene expression was quantified by gPCR, the
existence of post-transcriptional regulation was demonstrated with Dual-Luciferase” Reporter Assay. Results.
Using immortalized human myoblasts cell line LHCN, the induction of isoform A2 of eEF I during differentiation
of myoblasts was shown. The existence of transcriptional and post-transcriptional control of the abo-
vementioned process was confirmed. Downregulation of mir-661 and mir-744 that have binding sites in the 3'
UTR of EEF1A2 mRNA, during differentiation suggests a potential role of microRNAs in the eEF1A42 induction
during myoblast differentiation. Conclusions. Induction of A2 isoform of eEFI1 during differentiation of

myoblasts occurs on transcriptional and post-transcriptional level.
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Introduction. Eukaryotic translation elongation factor
(eEF1A) is one of crucial elements of protein synthesis
[1]. The main eEF1A function is the delivery of amino-
acyl tRNAs to A-site of ribosome [2]. The isoform Al,
eEF1A1, is more widespread and expressed in all
tissues during embryogenesis. However, during the
postnatal period of development some tissues showed
the decrease and standstill of the eEF1A1 expression
accompanied by the induction of the expression of the
A2 isoform, eEF1A2 [3, 4]. Such changes are specific
exclusively for terminally differentiated cells, particu-
larly neurons, cardiomyocytes, and myocytes [5, 6]. As
of now, the question about the mechanism and
physiological significance of the switch of the ex-
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pression of isoforms remains unsolved. The absence of
A2 isoform as a result of the partial deletion of EEF1A2
gene in wst/wst mutant mice, was lethal. These mice
showed gradual downregulation in A1 expression with
no replacement by A2. The phenotype of such mice is
described by the loss of body weight, tremor,
pathologies of muscular and nervous systems. On day
28 after the birth, these allele homozygotes died [7].
These isoforms are 98 % homologous, yet, regard-
less of high homology and probably similar translation
efficiency, these proteins differ significantly in their
non-canonical functions [8, 9]. eEF1A1 shows pro-
apoptotic features, whereas eEF1A2 is antiapoptotic
[10]. There are data confirming proto-oncogenic nature
of eEF1A2 [11]. A2 isoform was shown to appear in
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Fig. 1 The switch in the expression of isoforms of elongation
translation factor eEF1 during the differentiation of myoblasts. The
quantitative PCR-analysis of mRNA of EEF1A1/A2 in proliferating
myoblasts (/) and differentiated myocytes (2); *p < 0.05; #-Student’s
test

cancer tissues of mammary gland, lungs, and ovaries
[12].

Regardless of high protein homology, mRNA enco-
ding the Al and A2 isoforms differ in 3' and 5' untran-
slated regions (UTR) considerably, which suggests
probability of different control of post transcriptional
expression of isoforms. MicroRNA is known to be one
of principal participants of the post-transcriptional con-
trol system [13]. The existence of sites specific for di-
fferent microRNAs in UTRs of mRNA coding for Al
or A2 suggests their participation in the post-tran-
scriptional control of the expression switch from the A1l
to A2 isoform. This paper presents experimentally con-
firmed hypothesis about possibility of post-transcripti-
onal control in the expression switch between the eEF1A
isoforms during differentiation of myoblasts. The
involvement of microRNA in this process is shown.

Materials and Methods. Cell culture. Cultivation
and differentiation of immortalized human myoblasts
LHCN were performed as described in [14].

cDNA synthesis, gPCR. Total RNA was extracted
from (1-2)-10° cells, using TRI-reagent (Sigma Chem.
Co, USA). cDNA was synthesized by reverse tran-
scriptase RevertAid (Fermentas, Lithuania) and oligod
T-primer following the manufacturer's recommen-
dations. Quantitative PCR was performed as described
in [15]. Relative quantity of mRNA eEF1A1/A2 was
normalized to beta-actin mRNA. Quantitative PCR-
analysis of microRNA was performed using TagMan®

MicroRNA Assays kit (Applied Biosystems, USA), fo-
llowing the manufacturer's recommendations.

Reporter gene assay. Proliferating or differentiated
LHCN cells were transfected with 20 ng of plasmid,
containing the open reading frame of luciferase and
3'-UTR of EEF1A1/A2 mRNA using Lipofectamine
2000 (Invitrogene, USA), following the manufacturer's
instructions. 24 hours later the luciferase level was
measured using Dual-Luciferase® Reporter Assay Sys-
tem as described by the manufacturer.

Results and Discussion. The immortalized human
myoblasts were obtained by the transformation with
telomerase and cyclin-dependent kinase 4 [14]. The
obtained cell line was capable of proliferation as
non-differentiated myoblasts as well as differentiating
myoblasts with subsequent formation of myocytes. The
main criterion for the use of LHCN cells for studying
the regulation of A1 and A2 expression was switchable
expression of the isoforms after the differentiation.
Thus, we compared expression of the isoforms in non-
differentiated myoblasts and on day 6 of the diffe-
rentiation. The twenty-fold increase in the expression
of mRNA of isoform A2 was observed after the diffe-
rentiation (Fig. 1), demonstrating organism-like beha-
viour [7]. At the same time, there was less significant
than for EEF1A2, yet statistically credible five-fold
increase in EEF1A1 mRNA.

MicroRNAs play an important role during the diffe-
rentiation of myoblasts and the development of patho-
logies of muscular and cardiac tissues [16]. To check a
possible participation of microRNA in the regulation of
expression of the isoforms during the differentiation of
myoblasts, we analyzed in silico microRNA binding
sites in 3'-UTR of mRNA EEF1A1/A2. mRNA of the
eEF1A1 isoform contains mir-133, mir-543, mir-33
binding sites, and mRNA of EEF1A2 could contain
binding sites of mir-744, mir-661 and mir-675. Note-
worthy, unlike EEF1A2, 3'-UTR of EEF1A1 mRNA
contains the binding site for mir-133, the crucial
microRNA for the differentiation of myoblasts [16].

The correlation of the switch in the expression of
microRNA with disordered expression of target pro-
teins is one of the facts testifying for the existence of
post-transcriptional control over these proteins. The
quantitative PCR-analysis of the level of expression of
all microRNAs, envisaged by the bioinformatic
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Fig. 3 The post-transcriptional control of the expression of isoforms of
translation elongation factor eEF1 during the differentiation of
myoblasts. Proliferating myoblasts (/) or differentiating myocytes (2)
of LHCN were transfected by reported plasmids, containing the open
reading frame of luciferase and 3’-UTR EEF1A1/A2: a — pSICHECK
+ EEF1Al 3°-UTR; b — pSICHECK + EEF1A2 3’-UTR; ¢ —
PSICHECK-2; t-Student’s test. The level of luciferase was measured
after 24 h of incubation; *p < 0.05; 7-Student’s test

method, showed five hundred-fold increase in the
mir-133 content (Fig. 2). Such significant increase
could also cause the post-transcriptional blockage of
EEFIA1 mRNA. Isoform A2 demonstrated regulation
by two microRNAs, mir-744 and mir-661, the expre-
ssion of which decreased during the differentiation by
13 and 36 %, respectively. The reduction in the content
of these microRNAs correlates with the increase in the
quantity of EEF1A2 mRNA during the differentiation
(Fig. 1).

We used the method of reporter genes to prove the
possibility of the post-transcriptional control of the
switch of isoforms during the differentiation of myo-
blasts. Proliferating myoblasts and differentiated
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mir-661

Fig. 2 The expression of microRNA with

envisaged binding sites in 3’-NTS
mRNA  EEF1A1/A2  during the
differentiation of myoblasts. The

quantitative PCR-analysis of myoblasts
in proliferating myoblasts (/) and
differentiating myocytes (2)

mir- 675
myocytes after six days of differentiation were trans-
fected by a reporter plasmid, containing 3'-UTR of
mRNAs coding for Al or A2, respectively. The ex-
perimental results demonstrated almost two-fold in-
crease in the level of luciferase with 3'UTR mRNA A2
(Fig. 3), which correlated with earlier obtained data
about the increase in the quantity of A2 mRNA and the
reduction of the level of expression of microRNA,
which potentially regulate A2 (Fig. 1, 2). At the same
time we detected some positive post-transcriptional
regulation of expression of the reporter gene for Al
(Fig. 3).

Twenty-fold change in the A2 expression at the
mRNA level and two-fold change in case of application
of the reporter vector fused with 3'-UTR of A2 mRNA
may testify for some contribution of the post-transcrip-
tional regulation in the positive control of the expre-
ssion of mRNA of isoform A2 during the differentia-
tion of myoblasts.

Thus, the stimulation of the EEF1A2 mRNA ex-
pression during the differentiation occurs at both tran-
scriptional and post-transcriptional levels. At the same
time, the inhibition of the A1 isoform, highly expressed
in all tissues [14], apparently requires a regulation
which could be more powerful than microRNA.
Indeed, even highly expressed mir-133 does not inhibit
EEFI1A1 expression in our experiments, which
correlates with the literature data [17].

Conclusions. The results obtained demonstrate that
the induction of EEF1A2 expression during myoblasts
differentiation is controlled at both transcriptional and
post-transcriptional levels. Besides, the increase in the
expression of mRNA coding for the isoform A2 and the
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reporter gene, containing 3'-UTR of mRNA coding for
eEF1A2, correlates with the decrease in the expression
of mir-744 and mir-661 possessing predicted binding
sites in 3'-UTR of EEF1A2 mRNA. This fact suggests
that these microRNAs participate in the
post-transcriptional control of this isoform expression.
Unexpected was the increase in the Al isoform
expression after the differentiation of myoblasts, which
is not characteristic of this process in vivo. This could
be explained by artificial conditions of differentiation,
namely, the use of insulin as one of the main
components of the "differentiation" medium. This
hormone was shown to stimulate expression of mRNA,
containing oligopyrimidine tract in 5'-UTR [18].
EEF1A1 mRNA belongs to this class of mRNA [19].

The obtained data contribute significantly to the
understanding of the fundamental mechanisms of the
differentiation of myoblasts and may help in further
elucidation of the mechanisms of cancer development,
as occurrence of the A2 isoform in unspecific tissues
results in malignant transformation of cells [10].

Nevertheless, the negative regulation of eEF1AT1 in
muscular and nervous tissues remains an open issue and
requires further investigation.
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Pestome

Y npoyeci nocmnamanvnozo pozeumky 6 Heuponanbuin i M A306ill

mKanunax eiooysacmucs smina izopopmu Al axmopa enoncayii

mpancaayii na izopopmy A2. Ilepemuranns excnpecii izoghopm €
HHCUMMEBD  BANCIUBOIO NOOIEI0, OCKINbKU MYMAHMHI  Muwti, uo
micmamo deneyito EEF1A2, cunymo na 28-1i 0enb Nicis HapOOHCeHHS..
Mexanizmu ineioysannsn Al i cmumynsyii A2 npomseom nepuiux OHié
NOCMHAMANbHO2O PO36UMKY Hegioomi. Hasenicmy caiimie 36°s13y6aH-
usa mikpoPHK y 3'-nempancivosanux nociioosnocmsix mPHK i30-
Gopm pakmopa enoneayii mpaucnayii nepeddauae iCHy8aHHA
NOCMMPAHCKPUNYITIHO2O KOHMPONIo danozo npoyecy. Mema. [le-

Pesipumu MONMCIUBICINb NOCIMMPAHCKPUNYIUHOI pe2yayii excnpecii

izopopm Al i A2 nio uac Jughepenyiayii im- mopmanizoeanux mio6-
nacmie moounu LHCN. Memoou. Piéens excnpecii 2enis eusHauanu me-

modom kinvkicHoi IIJIP, naseHicmbs nOCmmpanHCcKpunyiuHo20 KOHMpPo-
M0 Oemekmysanu MemoooMm penopmephux cenie. Pesynomamu.
Buxopucmosyouu sk modenv KIMuHHY AIHIIO IMMOPMANI308aAHUX
miobnacmie nroounu LHCN, nokazano indoykyito izogpopmu A2 paxmo-
pa enoneayii mpancaayii eEF1 npu ougepenyiayii miobnacmis, Ha-
SABHICMb MPAHCKPUNYILHO20 | NOCMMPAHCKPUNYITIHOZO KOHMPOTIO 6
oanomy npoyeci, a makodc nomenyitny yuacme mikpo- PHK y npo-
yeci sminu excnpecii izopopm. Bucnosku. Inoykyis izoghopmu A2 npo-
msieom  Ouepenyiayii miobnacmie moduce i0Oyeamucs K Ha
MPAHCKPUNYITIHOMY, MAK | HA NOCMMPAHCKPUNYIUHOMY DIGHI.

Kniouosi cnosa: eEF1A1, eEF1A2, immopmanizogani miobnacmu
aroounu LHCN, oupepenyiayis, mikpoPHK.

A. A. Bucnosyx, 1. C. I'pouicman, A. B. Envckas, b. C. Heepyyxuii,
A. H. Ilonecckas

TpaHCKPUNIIMOHHBIN U TOCTTPAHCKPUIIIMOHHBIH KOHTPOIb
skcnpeccun eEF1A2 B nmpouecce nuddepenunanuu MmuooiacTon

Pestome

B npoyecce nocmuamanvnozo pazeumus 6 HelpoHATbHOU U MblULeY-
HOU MKAHAX NPOUCXOOUM U3MeHeHue dkcnpeccuu uzopopmul A1 ghax-
mopa d0Heayuu Mpanciayuu Ha sxenpeccuio uzogopmul A2. Ilepe-
KII0Yenue IKCnpeccuil U30Qopm AGIAemEs HCUSHEHHO 6AHCHLIM PYH-
0aMEeHMANbHLIM NPOYECCOM, NOCKONLKY MYMAHMHble MbLUU, COOep-
arcawgue deneyuro yacmu eena EEF1A2, noeubaiom na 28-ii denv nocne
podrcoenus. Mexanusmbl uneubuposanus sxcnpeccuu A1 u cmumyns-
yuu A2 6 meuenue nepauix Onetl NOCMHAMAIbHO20 PA3GUMUS Heu36e-
cmubl. Hanuuue nomenyuanvuuix caiimos ceaszvléanus mukpoPHK & 3'-
nempancaupyemvix nociedosamenvhocmax mPHK uzogopm ¢paxmo-
Pa 2n0neayuy Mpancasyuy npedycmampusaen 603MoACHOCMb NOCM-
MPAHCKPURYUOHHO2O KOHMPOTs OanHo2o npoyecca. Llenw. IIposepums
B03MOJCHOCMb NOCMMPAHCKPUNYUOHHOU PeyIAyun IKCHPeccull u3o-
Gopm Al u A2 60 epems dupghepenyuayuu UMMOPMAIU308AHHBIX MUO-
6nacmos uenosexka LHCN. Memoowt. Yposens sxcnpeccuu 2enos onpe-
oensiiu memoodom Koruuecmeennoeo I1JIP, nanuuue nocmmpanckpun-
YUOHHO20 KOHMPOJISL OCMEKMUPOBAIU MEMOOOM PEnOpMePHUX 2eHOB.
Pesynvmamut. Hcnonv3ysa Kiemounylo JuHUIo UMMOPMAIU308AHHBIX
muobracmos venogeka LHCN rkax mooenvb, nokazana uHOYKyus u3zo-
Gopmovl A2 paxmopa snoneayuu mpanciayuu eEF1 npu oughpepen-
yuayuyu MUuoOIACMOo8, HATUYUe MPAHCKPUNYUOHHO20 U NOCMIMPAHC-
KPUNYUOHHO20 KOHMPOJIA 8 OAHHOM npoyecce, a MaKdice NOmeHyuaib-
noe yuacmue mukpoPHK 6 npoyecce usmenenus sxcnpeccuu u30Qhopm.
Buo16oowt. Hnoykyusi uzogpopmer A2 npu ouppepenyuayuu muodaa-
CMO8 Modicem nPouUCcXooums Kak Ha MmpaHcKpUnYuoHHoM, max u Ha
NOCMMPAHCKPURYUOHHOM YPOBHE.

Knrouesvie cnosa: eEFI1AI, eEF1A2, ummopmanuzosantvle Muo-
6nacmel wenoseka LHCN, oughpepenyuayus, muxpoPHK.
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