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Aim. To investigate an effect of biologically active compounds IFN-02b, EMAPII, Card medium, fibronectin on

the amount of MGMT (O"-methylguanine-DNA methyltransferase) and MARP (anti-Methyltransferase Antibo-
dy Recognizable Protein) proteins in human cells in vitro. Methods. The human cells of 4BL, Hep-2 and A102 li-
nes were treated with growth factors and cytokines. Changes in the amount of MGMT and MARP proteins were
studied by Western blot analysis with anti-MGMT mAbs. Results. The treatment of A102 cells with EMAPII, fib-
ronectin, Laferon and Card medium led to a decreased level of the MGMT protein, whereas the amount of MARP
was highly increased in these cells. The treatment with the recombinant protein IFN-a.2b increased the amount
of MGMT and MARP proteins in Hep-2 cells. The treatment with extracts of transgenic plants,containing human

IFN-0.2b, caused a significant decrease in the content of both proteins in Hep-2 cells and MARP in 4BL cells.

Conclusions. Both MGMT and MARP are highly inducible proteins. Their amount in cells can be changed by
some growth factors (Card medium, fibronectin), cytokine (IFN-a.2b), cytokine-like (EMAPII) or cytokine-con-
taining substances (Laferon and IFN-o2b in plant extracts). This regulation depended not only on the type of
biologically active substances but on the cell line used in this study as well.

Keywords: human cell lines, repair enzyme MGMT, MARP, cytokines, growth factors, Western blot analysis.

Introduction. The repair enzyme O°-methylguanine-
DNA methyltransferase (MGMT) removes alkyl ad-
ducts from the O°-position of guanine in DNA. It is the
major defense factor against the mutagenic, carcino-
genic and cytotoxic effects of alkylating agents [1, 2].
MGMT protects both normal cells from endogenous
and exogenous carcinogens and tumor cells from che-
motherapeutic alkylating compounds. Therefore, this
enzyme is considered to be one of the targets to regulate
antitumor efficacy of the alkylating agents [3].
According to the literature data the expression of
MGMT gene may be affected by various factors: the al-
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kylating agents, single-strand DNA breaks, transcrip-
tion factors, activators of protein kinase C, the MGMT
gene promoter hypermethylation, p53 protein etc. [4,
5]. There are some works where cytokines have been
also shown to be able to influence the MGMT gene ex-
pression. For example, IFN- decreased the MGMT ge-
ne expression in human glioma and neuroblastoma cells
in vitro and increased the sensitivity of these cells to the
antitumor alkylating agent temozolomide [6, 7]. IL-24
also reduced the level of the MGMT gene expression in
the human melanoma cells in dose-dependent manner
[8]. A combined action of two cytokines IL-13 and IFN-
vy increased the level of this gene expression in the rat -
cells in vitro [9]. Nowadays, application of regulation
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of the MGMT gene expression with some cytokines is
launched in clinical practice. Complex treatment of the
patients, who had newly diagnosed primary glioblasto-
ma multiforme, with cytokine IFN-3 and temozolomide
has resulted in favorable outcome, particularly in cases
when the tumor cells contained the unmethylated MGMT
promoter [10]. So the combined action of cytokines,
which reduced the level of MGMT gene expression, and
antitumor alkylating agents improves their efficiency
in both cell lines and humans.

The aim of our study was to investigate the effect of
biologically active compounds such as [IFN-a2b, EMAP
II, Card medium, fibronectin, on the amount of MGMT
and MARP proteins in the human cells in vitro.

Recombinant interferon a2b (IFN-a.2b) is widely
used in oncology due to its well-known antitumor ac-
tivity [11]. Endothelial-monocyte activating polypep-
tide II (EMAP II), whose properties are not completely
understood, also exhibits the anticancer activity [12].
Since the MGMT gene expression is known to change
during cell differentiation [13], such factors as Card me-
dium, ATP and fibronectin, which take part in the pro-
cess of cell differentiation, were also investigated in
this study.

Biological properties of the substances mentioned
above have been known for a long time, but their pos-
sible role in regulation of the MGMT gene expression
has not been studied yet.

Materials and methods. The following human
cells were used in this study: 4BL — fibroblast-like cell
line derived in our laboratory [14], standard Hep-2 cell
line (laryngeal cancer) and A102 cell line (skin fib-
roblasts), kindly provided by Prof. McCormick (Michi-
gan State University, The United States).

The cells were cultivated in standard DMEM
(«PAAy», USA) with 10 % FBS («Sigma», USA) and
antibiotics penicillin (0.02 %) and streptomycin (0.02 %)
at 37 °C with 4 % CO.,,.

Different commercial and non-commercial biolo-
gically active substances were used. IFN-o.2b was used
as purified recombinant protein («Interpharmbiotek»,
Ukraine), in the form of commercial Laferon prepara-
tion («Interpharmbiotek») and as a component of the
crude extract of transgenic carrot plants (Daucus caro-
ta L., Nantskaya and Perfektsiya varieties). The transge-
nic carrot plants expressing IFN-o.2b were obtained via
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Agrobacterium tumefaciens-mediated transformation
using two vector constructs containing: i) the sequen-
ces encoding interferon gene fused with Nicotiana plum-
bagenifolia calreticulin apoplast targeting signal driven
by 35S CaMV promoter and selective neomycin phos-
photransferase II (nptll) gene in order to obtain the trans-
genic carrot plants able to accumulate human IFN-a.2b
protein; ii) the sequence encoding gusA4 gene driven by
35S CaMV promoter and the selective nptll gene for ob-
taining the transgenic carrot plants that we used as cont-
rol ones in our study — so-called «empty» vector. Accor-
ding to the previous studies the transgenic carrot plants
were characterized by high level of the recombinant hu-
man IFN-0.2b protein accumulation. The protein extracts
of these plants were characterized by a high antiviral
activity [15].

The purified recombinant protein EMAPII was
kindly provided by Prof. A. I. Korneluk (IMBG, Ukrai-
ne). «Card differentiating» medium supplemented with
growth factors of different origin was developed and
used in our laboratory for the differentiation of stem cells
into cardiomyocytes [16]. The commercial preparations
Fibronectin and ATP were received from «Sigmay.

We used the chemical agents 5-azacytidine and mi-
tomycin C. The conditions of cell treatment with the
biologically active substances in the serum-free culture
medium were described previously [17].

Cell lysates were prepared according to [18]. SDS-
PAGE (12 % gel) was performed using Laemmli me-
thod [19]. The concentration of total protein in cell ly-
sates was measured colorimetrically according to Brad-
ford method [20].

Monoclonal anti-MGMT antibodies (clone 23.2,
isotype Ig G2b) were obtained from Novus Biologicals
(USA), secondary antibodies conjugated with horsera-
dish peroxidase were obtained from «Sigmay. The pro-
cedure of MGMT identification in the samples was
performed by Western blot analysis according to the me-
thodological instructions of the manufacturer of mono-
clonal antibodies (http://www.novusbio.com/ support/
protocols/protocol-specific-for-mgmt-antibody-nb100-
168.html). Densitometry of stained membranes by Scion-
Image 4.0.2 and Origin 8.1 programs was used as loading
control [21, 22].

Results and discussion. The human MGMT pro-
tein was shown to have molecular weight of 2224 kDa
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Fig. 2. Effect of different biologically active substances on the amount
of MGMT and MARP proteins in A102 cells: a — Western blot analysis
(1 — Hep-2, positive control; 2 — A102— control; 3 — A102 + ATP (20
png/ml); 4 — A102 + Card medium; 5 — A102 + EMAP II (10 pg/ml); 6 —
A102 + Laferon (20 IU/ml); 7 — A102 + fibronectin (10 pg/ml)); b —
results of densitometry. The vertical line represents the level of MGMT
and MARP proteins amount in conventional densitometry units

[1]. However, the Western blot analysis with mo-
noclonal anti-MGMT antibodies (clone 23.2) revealed
two highly specific immunoreactive bands — 24 kDa
(classic MGMT protein) and 48 kDa (anti-Methyl-
transferase Antibody Recognizable Protein or MARP)
(Fig. 1). It should be noted that in our previous works
MARP was named as a modified form of MGMT, whi-
le the classic 24 kDa protein was named as an unmodi-
fied form of MGMT [17, 23]. We proposed several hy-
potheses about the nature of MARP, namely, post-trans-
lation modifications, dimerization of MGMT, efc.,
which have been discussed in the mentioned articles.
So far there is an open question regarding the nature of
the 48 kDa protein.

In this work we have compared the effect of various
exogenous biologically active substances on the amount

of both MGMT and MARP proteins in the human cell
lines. The results of the A102 cells treatment with Card
medium, EMAPII, Laferon, fibronectin and ATP are
shown in the Fig. 2. The treatment of A102 cells with
different exogenous factors led to the dramatic changes
of the amount of MGMT and MARP proteins. Hep-2
cells were used as positive control in Western blots, be-
cause they express both types of proteins (Fig. 1).

Almost all of the studied factors (except ATP) de-
creased the level of MGMT protein amount in the A102
cells (lanes 4-7) compared with the control A102 cells
(lane 2). The treatment with ATP and to a greater extent
with Card medium (lane 4), EMAP II (lane 5), Laferon
(lane 6) and fibronectin (lane 7) led to an increased
amount of MARP.

In this work we studied the influence of purified
recombinant protein IFN-a.2b and the extract of transge-
nic carrot tissues, expressing human IFN-a2b, on the
levels of MGMT and MARP proteins in Hep-2 and 4BL
cell lines.

As shown in Fig. 3, the treatment of Hep-2 cells
with the human recombinant protein IFN-a.2b led to
slight increase of the amount of MGMT and MARP
proteins (lanes 2 and 3). No significant changes in the
amount of MARP were detected in 4BL cells. In cont-
rast to these data, the results presented in Fig. 4 show a
significant decrease of the MGMT and MARP proteins
amount in Hep-2 cells as well as the MARP amount in
4BL cells after their treatment with the extracts of trans-
genic plant tissues, expressing human [FN-a.2b. On the
other hand the amount of MGMT in Hep-2 cells and
MARP in both cell lines did not significantly change
after the treatment with the extract of plants without in-
terferon gene.

We suppose that different effects of the purified re-
combinant protein IFN-a2b and the interferon-con-
taining plant extract on the MGMT and MARP proteins
amount may be caused by the influence of some plant
extract components on the action of interferon.

Thus, the results presented in Fig. 2—4 show that the
effect of interferon preparations may differ depending
on the composition of these preparations and the type of
cell lines. There are several hypotheses about the mecha-
nisms of modulating the MGMT gene expression by cy-
tokines. According to one of them the p53 protein is in-
volved in regulation of the MGMT transcription by cy-
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Fig. 3. The effect of purified recombinant protein IFN-a2b on the
MGMT and MARP proteins amount in the human cell lines: a —
Western blot analysis (/ — Hep-2, control; 2 — Hep-2 + IFN-a2b (2000
1U/ml); 3 — Hep-2 + IFN-a2b (200 IU/ml); 4 — Hep-2 + IFN-a2b (2
1U/ml); 5 —4BL, 182 p., control; 6 —4BL + IFN-a2b (2000 IU/ml); 7 —
4BL + IFN-a2b (200 [U/ml); 8 —4BL + IFN-a2b (20 [U/ml); 9—4BL +
IFN-a2b (2 IU/ml)); b — results of densitometry. The vertical line
represents the amount of MGMT and MARP proteins in conventional
densitometry units
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Fig. 4. The effect of extract of transgenic carrot on MGMT and MARP
proteins amount in the human cell lines: a — Western blot analysis (Hep-
2: 1 —control; 2 — extract of transgenic carrot plants, containing human
IFN-a2b (600 IU/ml); 3 — extract of transgenic carrot cells transfected
with an «empty» vector; 4BL: 4 — 182 p., control; 5 — extract of trans-
genic carrot cells transfected with an «empty» vector; 6 — extract of
transgenic carrot plants, containing human IFN-a2b (600 IU/ml)); b —
results of densitometry. The vertical line represents the level of MGMT
and MARP proteins in conventional densitometry units

206

kDa
48 —>

24 >

Variant

Fig. 5. The effect of 5-azacytidine on the MARP protein amount in the
4BL cells (180 p.): a — Western blot analysis (/ — control; 2 — mitomycin
C + 5-aza (10 pg/ml), 8 h; 3 — 5-aza (1 pg/ml), 11 days; 4 — 5-aza (10
pg/ml), 6 days; 5 — 5-aza (10 pg/ml), 11 days; 6 — mitomycin C + 5-aza (1
pg/ml), 6 days; 7—mitomycin C + 5-aza (10 pg/ml), 6 days); b —results
of densitometry. The vertical line represents the MGMT and MARP
proteins amount in conventional densitometry units

tokines [6, 8]. Another one suggests that the transcrip-
tional factor NF-kB is activated by cytokines and affects
the transcription of target genes including MGMT [24,
25]. We plan to continue our research of involving the-
se transcriptional factors in regulation of the MGMT gene
expression under the influence of the studied cytokines.
We presume that the gene encoding MARP protein
does not belong to the housekeeping genes because its ex-
pression can be regulated by various exogenous factors.
The Hep-2 cells usually have both proteins (Fig. 1, lane
1) as well as the 4BL cells in early passages [26]. How-
ever, after prolonged cultivation (more than 130 passa-
ges) the 4BL cells have lost the conventional MGMT
protein (Fig. 1, lane 2). According to the literature data,
hypermethylation of the MGMT gene promoter com-
monly occurs causing a gene silencing in both different
cell lines and human cells in vivo [1, 5, 10]. Therefore
in our experiments 5-azacytidine was selected as a de-
methylating agent that can affect the MGMT gene ex-
pression in the MGMT-deficient 4BL cells (Fig. 5). 5-
azacytidine was the first identified demethylating agent
that inhibits DNA methyltransferases and reverses DNA
hypermethylation, restoring the expression of silenced
genes [27]. The mechanisms involved in the 5-azacyti-
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dine cytotoxic effects include inhibiting DNA, RNA
and protein synthesis, drug incorporation into DNA and
RNA, as well as the activation of DNA damage path-
ways. Since the non-proliferating cells are practically
insensitive to azacytidine [28], mitomycin C was used in
this study as a cytostatic agent for the inhibition of cell
proliferation [29].

As shown in Fig. 5, the treatment of 4BL cells with
5-azacytidine alone or in the combination with mito-
mycin C did not influence the MGMT protein amount.
These results may indicate that the absence of the con-
ventional MGMT protein in the 4BL cells is not asso-
ciated with the promotor hypermethylation. However,
the MARP amount significantly changed under the 5-
azacytidine alone or in combination with mitomycin C
treatment. This fact requires further investigation.

Conclusions. Monoclonal anti-MGMT antibodies
(clone 23.2) recognize both the MGMT protein (M. w.
~ 24 kDa) and the unknown protein (M. w. ~ 48 kDa),
named as MARP, in Western blot analysis. These pro-
teins are highly inducible and their amount can be chan-
ged by some growth factors (Card medium, fibronec-
tin), cytokine (IFN-a2b), cytokine-like (EMAP II) or
cytokine-containing substances (Laferon and IFN-a.2b
in plant extracts). However, this regulation depends not
only on the type of biologically active substances but on
the type of cell lines. The absence of MGMT protein in
4BL cells is unlikely due to the MGMT gene promotor
hypermethylation. The mechanisms of regulation of
the MGMT gene expression by growth factors and cy-
tokines require further studies.

K. B. Konapenko, B. B. Jluno, JI. JI. Mauesuuy, T. I1. PyGan,
0. C. JIyuakiBcpka, M. B. Kyuyk, JI. JI. Jykam

BB nestkux 610JI0TI9HO aKTHBHUX PEYOBUH HA BMICT O11kiB MGMT

i MARP y kiiTHHAX JIIOAUHH in Vitro

Pestome

Mema. Jlocnioocenns enaugy oionoziuno akmuerux cnoayk IFN-o2b,
EMAPII, cepeoosuwa Card i hibponexmuny na emicm 6inkie MGMT
(O”—Memwzeyaniﬂ—ﬂHK memunmpancepepasa) i MARP (6inok, wo po3-
nisnaemocs aumu-MGMT anmuminamu) y Kiimunax 1oounu in vitro.
Memoou. Knimunu nroounu ninitt 4BL, Hep-2 i A102 06pobasinu poc-
moegumu hakmopamu i yumoxinamu. 3minu 6 kinbkocmi oinkie MGMT
i MARP oocnioacysanu 3 sukopucmantam Becmepn 61om ananizy i mo-
HokaonanvHux aumu-MGMT anmumin. Pesynomamu. Obpobka Kii-
mun A102 npenapamamu EMAPII, ¢hioponexmuny i Jlaghepony npuzeo-
oums 00 3HUNCeHHs Kinokocmi 6inka MGMT na ¢oni snaunozo 3po-
cmanns kinekocmi 6inka MARP y yux knimunax. O6pobka pekomoinaH-
muum oinkom IFN-a2b niosuwye kinvxicmo 6inkie MGMT i MARP y

xkaimunax Hep-2, a ekcmpaxmamu mpanceennux poCcium, ki Micmsamo
IFN-02b nr00unu, — 3merutye Kilbkicms 000x 6inkig y kiimunax Hep-2
ma oinka MARP y knimunax 4BL. Bucnosku. MGMT i MARP € sucoko-
inoyyubenvrumu 6inkamu. xna Kitekicmo moxce eapiroéamu nio dicto
oesaxux pocmosux paxmopie (cepedosuwe Card i hibponexmun), yu-
mokiny (IFN-02b), yumoxinonoodionoeo (EMAPII) ma yumoxinoemic-
Hux (Jlagpepor i IFN-02b y komnoszuyii 3 pocaunHumMu excmpakmamis)
npenapamie. Busenena pezynayis sanexcums He nuwe 8i0 muny 6iono-
2IYHO AKMUBHUX PeHOBUH, dle U 8I0 KIIMUHHUX TIHIU, 6UKOPUCIMAHUX 8
eKCnepuMenmax.

Kniouosi croea: ninii kiimun 100uHu, penapamueHuil hepmenm
MGMT, MARP, yumoxinu, pocmosi ¢paxmopu, Becmepn-onom ananis.

E. B. Konapesnko, B. B. JIsuto, JI. JI. Mauesny, T. A. Py0an,
10. C. Jlyuakusckas, H. B. Kyuyk, JI. JI. Jlykam

Briusuue HEKOTOPBIX OHOJOTHYECKH aKTHBHBIX BCIICCTB HA

conepxanne 6enkoB MGMT u MARP B kieTkax uenoBeka in vitro

Pesrome

Lens. Hccredosamsb enusnue 610I02UYECKU AKMUBHBIX COCOUHEHUT
IFN-02b, EMAP II, cpedvr Card u ¢pubponekmuna na codepiicanue
benkos MGMT (O°-memuneyanun-JTHK memunmpancgepasa) u
MARP (6enox, pacnosnasaemviii aumu-MGMT anmumenamu) 6 kiem-
Kax uenosexa in vitro. Memoowt. Knemxu uenosexa nunuii 4BL, Hep-2
u A102 obpabamvieanu pocmosvimu Gakxmopamu u yumoKuUHaMU.
Hsmenenus 6 konuuecmse denxoe MGMT u MARP uccrnedosanu c uc-
nonvzoeanuem Becmepn O6nom ananuza u MOHOKIOHANLHBIX AHMU-
MGMT anmumen. Pesynomamor. Oopabomxka knemok A102 npenapa-
mamu EMAPII, ¢pubponexmuna, Jlaghepona u cpeowvr Card cnuscaem
xonuvecmeo 6enka MGMT na ¢hone snavumenvno2o 6o3pacmanis Ko-
auuecmea 6eaka MARP 6 smux kiemxax. Obpabomxa pexomouHanm-
uoim Geakom IFN-02b yeenuuusaem xonuvecmeo deikoe MGMT u
MARP 6 knemkax Hep-2, a sxcmpakxmamu mpanceeHHbiX pacmeruil,
cooeparcawux uenoseveckuil IFN-02b, — cywecmeenno crhudicaem Ko-
auvecmeo oboux 6enkos 6 kiemrax Hep-2 u MARP 6 knemrax 4BL.
Buoieoovt. MGMT u MARP saenaiomcs glcokounoyyubensnvimu benxka-
mu. Ux koauwecmeo modicem 6apbuposams noo Oelucmeuem HeKomo-
poix pocmoguix hakmopos (cpeda Card u pubponexmun), yumoxuna
(IFN-a.2b) yumoxunonoodobrnozo (EMAP I1) u yumoxuncoodepcaujux
(Jlaghepon u IFN-0.2b 6 Komnosuyuu ¢ pacmumenbHblMu SKCMPaxKma-
Mu) npenapamog. Buisignennas pe2yisayus 3a6Ucum He moabko om mu-
na buonocuuecKu aKmMuGHbIX 6eWecms, Ho U 0N KNeMOUHbIX TUHUU, UC-
NONbL30BAHHBIX 8 IKCNEPUMEHIMAX.

Kniouesvie cnosa: aunuu Kiemox ueiosexda, penapamugnulii gep-
meum MGMT, MARP, yumoxunel, pocmosvie ghakmopsi, Becmepn-
onom ananus.
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