ISSN 0233-7657. Biopolymers and Cell. 2014. Vol. 30. N 6. P. 448-453

doi: http://dx.doi.org/10.7124/bc.0008BF

UDC 575.224 + 577.218

GENOMICS, TRANSCRIPTOMICS AND PROTEOMICS

Influence of EMAP II, IFN-0.2b and its
medicinal preparations on the MGMT protein
amount in human cells in vitro

K. V. Kotsarenko, V. V. Lylo, T. P. Ruban, L. L. Macewicz, A. 1. Kornelyuk,
S. I. Chernykh, L. L. Lukash

Institute of Molecular Biology and Genetics, NAS of Ukraine
150, Akademika Zabolotnoho Str.,Kyiv, Ukraine, 03680

lukash@imbg.org.ua

Aim. To study the effect of EMAP II, IFN-0.2b and its medicinal preparations on the amount of O’-methylgua-

nine-DNA methyltransferase (MGMT) protein in human cells in vitro. Methods. The human cells of 4BL and
Hep-2 lines were treated with the purified recombinant proteins EMAP II, IFN-a.2b and its commercial me dicinal
preparations. Changes in the MGMT gene expression were studied at a protein level by Western blot analysis. Re-
sults. Treatment of Hep-2 and 4BL cells with EMAP II at the concentrations of 0.02 ng/ml and 2 pwg/ml respecti-

vely led to induction of the MGMT gene expression. EMAP II at the concentrations of 0.2—20 ug/ml caused dec-

rease of the MGMT protein amount in Hep-2 cells. The regulating activity of EMAP Il was also observed for MARP
(anti-Methyltransferase Antibody Recognizable Protein). IFN-a.2b and Laferon-PharmBiotek with the activity of
200 and 2000 1U/ml were shown to cause an increase of the MGMT protein amount in Hep-2 cells. Conclusions.

The purified recombinant proteins EMAP I and IFN-02b which are substrates for the medicinal preparations in-

fluenced on the amount of MGMT protein in the human cell cultures in a concentration-dependent manner. At the

same time the effect of medicinal preparations differs from that of the purified protein IFN-a.2b. Possibly it depends

on the presence of stabilizing components in their compositions.

Keywords: MGMT, MARP, IFN-0.2b, EMAP 11, human cell cultures.

Introduction. The repair enzyme O°-methylguanine-
DNA methyltransferase (MGMT) eliminates O°-me-
thylguanin adducts in DNA and protects normal cells
from damaging effects of alkylating agents. At the sa-
me time MGMT makes tumor cells resistant to alkyla-
ting drugs such as temozolomide [1, 2].

Therefore, in medicine MGMT is considered as a
target which needs to be regulated. Various regulators
of the MGMT enzyme activity and expression are known
but they are often toxic not only for tumor but also for nor-
mal human cells [3]. Cytokines are natural factors and
some of them were shown to be promising in the MGMT
gene expression regulation. For example, IFN-3 down-
regulated the MGMT transcription and sensitized the re-
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sistant glioma and neuroblastoma cells to temozolomi-
de in vitro [4, 5]. One of the members of interleukin fa-
mily — IL-24 down-regulated the MGMT gene expres-
sion via activation of p53 and therefore helped to over-
come the melanoma cells resistance to temozolomide [6].

Interferons elicit pleiotropic biological effects, so
they are widely used either alone or in combination with
other antitumor agents, in particular with nitrosoureas.
Preadministration of interferons to patients might be a
part of a novel biochemotherapy approach that may help
to overcome the resistance to alkylating drugs. The com-
bined therapy with IFN-B and temozolomide was shown
to provide better clinical outcomes in the patients who-
se tumor cells had an unmethylated MGMT promoter
[7]. For the patients with progressive malignant glioma,
the complex therapy with BCNU and IFN-a2b (Intron
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A, «Schering Corporation», USA) appeared to be a fea-
sible and promising treatment strategy. The effect of
IFN-0.2b on the cell sensitivity to BCNU was proposed
to be implemented by inhibition of the MGMT gene
expression [8]. However, this suggestion needs to be
confirmed.

EMAP II (endothelial monocyte-activating poly-
peptide II) is a multifunctional cytokine, which is for-
med in malignant tumors of mammals due to the alterna-
tive splicing and posttranslational processing of its pre-
cursor — the p43 protein [9]. EMAP II suppresses the en-
dothelial cell migration; stimulates their apoptosis and
influences the activity of monocytes, neutrophils and
macrophages, facilitating inflammatory processes in
tumors [10]. The antitumor activity of this cytokine was
evidenced in the experimental models of glioma, sarco-
ma, stomach and pancreas cancer [11].

In our previous works different exogenous cytoki-
nes, growth factors and plant components (extracts, lec-
tins) were shown to be able to change the level of the
MGMT gene expression in some human cell cultures [12,
13]. To our opinion IFN-0.2b and EMAP II which pos-
sess antitumor activity were the most promising agents
for this purpose. One of the important questions in this
study was determination of the dependence of IFN-0.2b
and EMAP II action on their concentration. Moreover
the another problem has arrived: does the effect of cyto-
kine medicinal preparation differ from that of their pu-
rified substances?

Additionally it should be noted that the human
MGMT protein has a molecular weight of 2224 kDa
[14]. However, in our previous works the Western blot
analysis with monoclonal anti-MGMT antibodies, clo-
ne 23.2, revealed two highly specific immunoreactive
bands: 24 kDa (classic MGMT protein) and 48 kDa (an-
ti-Methyltransferase Antibody Recognizable Protein or
MARP) [12, 15]. In those works the MARP nature and
its induction by exogenous cytokines in human cells in
vitro have been discussed.

The aim of the present work was to compare the ef-
fect of different concentrations of purified IFN-o.2b and
EMAP II and medicinal preparations of IFN-0.2b on the
MGMT and MARP protein amount in human cell
cultures.

Materials and methods. The following human cell
lines were used: a standard line Hep-2 (laryngeal can-

cer) and 4BL line (fibroblast-like cells) derived in our la-
boratory [16]. Cells were cultivated in standard DMEM
(PAA) with 10 % FBS («Sigmay) and antibiotics peni-
cillin (0.02 %) and streptomycin (0.02 %) at 37 °C with
4 % CO,.

The following interferon agents were used: human
recombinant protein IFN-a2b («Interpharmbioteky,
Ukraine) in 0.1 M NaCl; Laferon-PharmBiotek («In-
terpharmbiotek») containing the human recombinant
protein IFN- a2b and additional components: NaCl,
Dextran 70, KH,PO,, Na,HPO,; Laferobion («Biofar-
may, Ukraine) containing the human recombinant pro-
tein IFN-a.2b and additional components: NaCl, Dext-
ran 70, KH,PO,, Na,PO, x 12H,0.

Recombinant EMAP II protein was expressed in E. co-
[i, purified and studied as described previously [17-20].

For cytokine treatments, 8 - 10° cells were plated and
allowed attaching during 24 h. The next day, the cells
were treated with cytokines and cytokine-containing
preparations in the serum-free DMEM growth medium.
After 8-h exposure the medium was removed, the cells
were rewashed with PBS buffer and harvested in DMEM
with 10 % of serum during 16 h. The cells were then
trypsinized, washed, centrifuged, and stored at —20 °C.
Control intact cells were subjected to the similar proce-
dure but without adding cytokines.

Protein extracts were obtained from cell pellets in
lysis buffer (50 mM Tris HCI; 0.1 mM EDTA; 5 mM
DTT; pH 7.5). The suspensions were incubated on ice,
exposed to three 10-s pulses of sonication with 30-s in-
tervals and 50 mM of PMSF in ethanol were added.
Sonicates were then centrifuged at 13,000 g for 30 min
at 4 °C. The supernatants were collected and frozen at
—80 °C for later use. SDS-PAGE (12 % gel) was perfor-
med by Laemmli method [21].

The concentration of total protein in cell lysates was
measured colorimetrically according to Bradford me-
thod [22].

The following antibodies were used: anti-MGMT
monoclonal antibodies, clone 23.2, isotype IgG2b («No-
vus Biologicals», USA), secondary antibodies conjuga-
ted with horseradish peroxidase («Sigma», USA). The
procedure of MGMT identification in the samples was
performed by Western blot analysis according to the me-
thodological instructions of the manufacturer of mAbs
[23]. Densitometry of stained membranes was used for
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loading control according to [24] by Scionlmage 4.0.2
and Origin 8.1 programs.

Results and discussion. It was shown by Western
blot analysis that cytokine EMAP II at a concentration
0f'0.02 pg/ml induced the MGMT gene expression (Fig.
1, lane 2) in a clone of Hep-2 cells which did not ex-
press the MGMT gene under normal conditions (Fig. 1,
lane 7). However, an increase of EMAP II doses to 0.2—
20 pg/ml did not lead to any changes of the MGMT pro-
tein amount in these cells (Fig. 1, lanes 3—5). After the
treatment of Hep-2 cells, that normally expressed the
MGMT gene, with cytokine EMAP II at a concentration
of 2 ug/ml we observed decrease of the MGMT protein
amount (Fig. 1, lanes 6 and 7). Thus, the EMAP II effect
on the MGMT protein amount in Hep-2 cells differs de-
pending on concentrations.

In our previous work, 4BL cells were shown to lose
the possibility to express the MGMT gene during more
than 130 passages cultivation and cell line stabilization
[26]. However, the treatment of these cells (137 passage)
with cytokine EMAP II led to induction of the MGMT
gene expression (Fig. 2), which allowed us to suggest re-
versibility of the MGMT gene silencing. Induction of the
MGMT gene expression in 4BL cells was detected after
8-h incubation with EMAP II at a concentration 2 pg/ml.
However this effect almost disappeared during longer
incubation time — 16 and 32 h (Fig. 2, lanes 3 and 4). A
reduction of the MGMT protein amount may be the re-
sult of increasing time of serum-free conditions.

The regulating activity of EMAP II was observed
not only for the MGMT protein but also for MARP. The
MARP protein is stably expressed in both Hep-2 and
4BL cells in contrast to MGMT. An inverse concentra-
tion dependence was observed after treatment of Hep-2
cells with recombinant protein EMAP II: at concentra-
tions of 0.02 and 0.2 pg/ml it induced the MARP expres-
sion, but at higher concentrations (2 and 20 pg/ml) it in-
hibited the MARP expression (Fig. 3, lanes 2—5). EMAP
II caused a slight increase of the MARP amount in 4BL.
cells (Fig. 3, lanes 7-9).

In our earlier work IFN-o.2b-containing preparation
Laferobion («Biofarma») at concentrations of 200 and
2000 IU/ml was shown to cause a dramatic decrease in
the MGMT protein amount in Hep-2 cells [12]. How-
ever, in our current work it was shown that IFN-a.2b at
concentrations of 200 and 2000 IU/ml increases the
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Fig. 1. Effect of cytokine EMAP II at different concentrations on the
amount of MGMT protein in MGMT non-expressing (4) and MGMT-
expressing (B) Hep-2 cells: 4 — Western blot analysis (/ — 0 pg/ml; 2 —
0.02 pg/ml; 3 — 0.2 pg/ml; 4 — 2 pg/ml; 5 — 20 png/ml); B — Western
blot analysis (/ — 0 pg/ml; 2 —2 pg/ml); C, D —results of densitometry
(the vertical bar represents the level of MGMT protein amount, conven-

tional densitometry units)
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Fig. 2. Time-dependent effect of cytokine EMAP II on the amount of
MGMT protein in 4BL cells: 4 — Western blot analysis; /-4 — 4BL,
137 passages + EMAP II (/ —Opg/ml, 8 h; 2—2pg/ml, 8 h; 3—2 pug/ml,
16 h; 4—2pg/ml, 32 h); B —results of densitometry (the vertical bar re-
presents the level of MGMT protein amount, conventional densitomet-
ry units)

)
=
~
v}
S
S = N W A W

MGMT protein amount in Hep-2 cells (Fig. 4, lanes 2
and 3). The similar tendency was observed after treat-
ment of Hep-2 cells with Laferon-PharmBiotek prepa-
ration («Interpharmbiotechy) (Fig. 4, lanes 6 and 7).

At the same time no changes in the MGMT protein
amount were observed after treatment of 4BL cells with
IFN-a.2b and Laferon (data not shown).

Laferon-PharmBiotek and Laferobion preparations
have similar composition (recombinant human [FN-o.2b,
salts, dext ran) but they showed an opposite effect on the
MGMT protein amount. According to the literature da-
ta, a preparation Intron A (recombinant IFN-o.2b, EDTA,
NaCl, m-Kresol, Polysorbate 80, Na,HPO,, NaH,PO,)
decreased the MGMT gene expression in patients, who
had progressive malignant glioma [8]. Thus Laferobion
and Intron A showed similar regu lating effects although
they have different composition of stabilizing compo-
nents [8, 12].



INFLUENCE OF IFN-02b, EMAP II AND THEIR MEDICINAL PREPARATIONS ON THE MGMT PROTEIN

y
;2 3 4 5
48 kDa ‘
C10
8.
61
4]
2 4
0.

1 2 3 4 5 6 7 8 9

Fig. 3. Effect of recombinant protein EMAP II on the amount of MARP
in human cell cultures: 4 — /-5 — Hep-2 + EMAP II (/ — 0 pg/ml; 2 —
0.02pug/ml; 3-0.2pug/ ml; 4—2 pg/ml; 5—20 pg/ml); 6-9 —4BL, 137
p.+EMAPII (6 - Opg/ml, 8 h; 7—2pg/ml, 8 h; §—2ug/ml, 16 h; 9-2
png/ml, 32 h); B —results of densitometry (the vertical bar represents the
level of MARP amount, conventional densitometry units)
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Fig. 4. Effect of IFN-a2b and Laferon-PharmBiotek on the MGMT
protein amount in Hep-2 cells: 4 — Western blot analysis (/ — IFN-a2b,
0 TU/ml; 2 — IFN-a2b, 2000 IU/ml; 3 — IFN-a2b, 200 IU/ml; 4 —
IFN-a2b, 2 IU/ml; 5 — Laferon, 0 IU/ml; 6 — Laferon, 2000 IU/ml; 7 —
Laferon-PharmBiotek, 200 IU /ml); B — results of densitometry (the ver-
tical bar represents the level of MGMT protein amount, conventional
densitometry units)

According to these data we may suggest that regula-
ting effect of the IFN-a2b-containing preparations de-
pends not only on the composition but also on their puri-
fication degree. Therefore these results could be useful
for planning the experiments with the IFN-o.2b-contai-
ning preparations and for IFN-a.2b therapy.

There are several hypotheses about the mechanisms
of the MGMT gene expression regulation under the in-
fluence of cytokines. According to one of them IFN-
regulates the MGMT transcription via p53 protein and

Cell
membrane

MGMT gene
promoter

Fig. 5. Possible cell signaling pathways involved in regulation of the
MGMT gene expression under the influence of IFN-a2b and EMAP II;
STAT3 — Signal transducer and activator of transcription 3; ISGF3 —
Interferon-stimulated gene factor 3

specificity protein 1 (Sp1) [4, 5]. Another one suggests
that IFN-B activates transcriptional factor NF-xB and
thus affects the transcription of MGMT gene, which be-
longs to the NF-«B target genes [26]. According to the
literature data, all IFNs of type I (IFN-o., IFN-B, [FN-¢,
IFN-wm) bind to the specific cell surface receptor comp-
lex known as the IFN-B receptor (IFNAR) [27]. There-
fore we suppose that regulation of the MGMT gene ex-
pression by IFN-B and IFN-o.2b may involve the similar
pathways (Fig. 5).

The way of EMAP Il impact on the MGMT gene ex-
pression remains unclear. In some works it was shown
that EMAP II at low and high concentrations activates
various signaling pathways in cells [28, 29]. For ins-
tance, in a blood—tumor barrier (BTB) model, EMAP 11
at low concentration (0.05 nM) induced three isoforms
of protein kinase C (PKC): PKC-a., B, and £, and, through
them, caused functional, biochemical, and morpholo-
gical alterations in BTB [29]. PKC is known to regulate
the MGMT gene expression [30]. Its regulating effect is
mediated by binding to an activator protein 1 (AP-1)
and further binding to the AP-1 site in the MGMT gene
promotor, affecting the MGMT gene transcription. Mo-
reover, EMAP II can also activate the NF-kB trans-
cription factor [31]. Therefore we suppose that regula-
tion of the MGMT gene expression by IFN-a2b and
EMAP II occurs with participation of transcription fac-
tors NF-kB, Sp1 and AP-1. A scheme of possible cell sig-
naling pathways involved in these processes is shown
in Fig. 5.
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We plan further study of the mechanisms of the
MGMT gene expression regulation under the influence
of cytokines to establish a connection between the action
of cytokines and the repair processes in human cells.

Conclusions. The EMAP II influence on the MGMT
protein amount depends on the concentration. The treat-
ments with cytokine IFN-a.2b at concentrations of 200
and 2000 IU/ml lead to the increase of MGMT protein
amount in Hep-2 cells. The effect of the purified protein
IFN-a.2b on the MGMT and MARP protein amounts
differs from that of medicinal preparations. Possibly it
depends on the presence of stabilizing components in
their compositions.

Brumus EMAP 11, IFN-02b Tta iioro Mean4Hux rnpenaparis

Ha KutbKicTh Oinka MGMT y kiliTHHAX JTIOAUHM in Vitro

K. B. Kouapenko, B. B. Jluino, T. I1. Py0an, JI. JI. Manesuu,
O. I. Kopuemntok, C. 1. Yepnux, JI. JI. Jlykam

Pestome

Mema. J{ocrioumu ennue EMAP II, IFN-o.2b ma tioco meduunux npe-
napamis Ha kinekicmo 6iika MGMT y knimunax nmoounu in vitro. Me-
moou. Knimunu nroounu 4BL i Hep-2 0opoonanu EMAP 11, IFN-02b i
11020 KoMepyiuHuMU npenapamamu. 3minu 6 excnpecii 2cena MGMT na
PisHI Oinka docniddcysanu 3a euxopucmants Becmepn-6nom ananizy.
Pesynomamu. Obpooxa xknimun Hep-2 i 4BL yumoxinom EMAP 1I &
xonyenmpayii 0,02 i 2 mxe/mn 6i0nosiono npuzgooums 00 iHOyKyii exc-
npecii ecena MGMT. EMAP Il 6 konyenmpayisix 0,2—20 mxe/mn 3uu-
orcye Kinvkicmov 6inka MGMT y knimunax Hep-2. Pecynosanvhy ax-
muenicmo EMAP Il cnocmepieanu maxooxc i 8ionocho MARP (6inka,
AKUU PO3NIZHAEMbC MOHOKNOHATbHUMU anmu-MGMT anmuminamu,).
Toxasano, wo IFN-02b i Jlaghepon-Dapmbiomex 3 akmusnicmro 200 i
2000 MO/mn niosuwyrome rinekicme oinka MGMT y knimunax Hep-2.
Bucnosxu. Ouuweni pexombinanmmui oinku EMAP 111 [FN-02b, axi €
cybcmpamamu 05t MEOUYHUX NPENApamie, 6NAUBAIOMb HA KiNbKICHb
oinka MGMT y knimunax at00unu in vitro 3ai1excHo 6i0 KOHYeHmpayii.
VY moii orce uac 0isi meouunux npenapamis 6iopisHacmuvcs 8i0 eghpexmy
ouuwerozo 6inka IFN-0.2b, uwjo, Modcauso, nog ’a3aHo 3 Rpucymuicmio
CMaobinizy8anbHUX KOMNOHEHMIB Y 11020 CKIAOL.

Kmiouosi cnosa: MGMT, MARP, IFN-a.2b, EMAP I, kyremypu kii-
MuH 100UHU.

Bnusuune EMAP 11, IFN-0.2b u ero MeIMunHCKUX IpenapaToB
Ha koimuecTBO Oenka MGMT B KileTkax 4eaoBeKa in vitro

E. B. Konapenko, B. B. JIsuio, T. A. Py6an, JI. JI. Manesunu,
A. U. Kopuentoxk, C. U. Yepnsix, JI. JI. JIykam

Pestome

Lens. Hccreoosams érusnue EMAP 11, IFN-0.2b u e2o meouyunckux
npenapamog na konuuwecmeo oeaxa MGMT 6 knemxax uenosexa in vit-
ro. Memoowt. Knemxu uenosexa 4BL u Hep-2 obpabamuieanu EMAP
11, IFN-02b u eco kommepueckumu npenapamamu. Mzmenenus 6 3xc-
npeccuu eena MGMT uccrnedosanu ¢ ucnonvzosanuem Becmepr-onom
ananuza. Pesynemamor. Obpadbomra knemox Hep-2 u 4BL yumoxurom
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EMAP 11 6 konyenmpayuu 0,02 u 2 mxe/mi coomeemcmeeHHo Rpusooum
K uHOykyuu sxcnpeccuu 2ena MGMT. EMAP 11 6 konyenmpayusix 0,2—
20 mxe/mn cHudicaem ypogenv skcnpeccuu eena MGMT ¢ kiemrxax
Hep-2. Pecyrupyiowyro akmuernocms EMAP Il nabmoodanru marxice u
omuocumenvio MARP (6enxa, pacno3nagaemo2o MOHOKIOHAIbHbIMU
anmu-MGMT anmumenamu). Ioxasano, umo IFN-a.2b u Jlagepon-
Dapmbuomer ¢ axmusnocmoio 200 u 2000 ME/mn nogviwarom konu-
uecmeo benxa MGMT 6 knemxax Hep-2. Bvi6oowt. Ouuuwentvle pekom-
ounanmuvle oeaku EMAP II u IFN-a.2b, sensowuecs cyocmpamamu
0J11 MEOUYUHCKUX NPenapamos, eiusirom Ha korudecmso oeika MGMT
8 KJIEMKAX Yen06eKa in Vitro 3a8Ucumbl;M Om KOHYeHmpayuy 0opazom.
B mo oice epems Oeticmeue MeOUyuHCKUX npenapamos omauiaemcs
om eausaHus ouuwenno2o beaxa IFN-a.2b, umo, 603M0CHO, C8A3AHO C
npucymemeuem cmaduru3upyouux KOMNOHEHMos 6 e2o cocmase.

Knoueswie cnosa: MGMT, MARP, IFN-a.2b, EMAP I, kynemypul
KIemoK ueiogexa.
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