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Aim. MI1 is a promising maleimide derivative, which exhibits antiproliferative effect on different cells. The aim
of present study was to investigate influence of MI1 on the cell cycle of cancer cells and its cytotoxity. Methods.
The proliferative activity and viability of human cancer cell lines (colorectal adenocarcinoma — Colo-205;
breast cancer — MCF-7; cervix cancer HeLa) obtained with MTT-test and cell counts were performed using a
tripan blue dye. Distribution of cell cycle phases was obtained using flow cytometry method. Results. In the
present study we demonstrate a detectable cytostatic effect of the maleimide derivative MI11 on the epithelial cell
lines Colo-205, MCF-7 and HeLa. In the presence of MI11 the number of cells in the G/M+S phases of the cell
cycle dropped by 20-30 % (p < 0.05) relative to control. Conclusions. The results suggest that MI1 may be a
perspective drug for antitumor therapy and perhaps deserves further study in detail.
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Introduction. Protein kinase hyperactivity is often ob-
served in different types of tumor cells. This activity
permanently stimulates proliferative signal cascades,
increasing the frequency of cells entering the mitotic
phase, which is one of the major features of malignan-
cy. Protein kinase inhibition can promote cell cycle ar-
rest [ 1-4], thus preventing malignization.

Some characteristics of the chemical structure of ma-
leimide make it a perspective cytostatic agent. By the end
of the XX century, a number of maleimide derivates,
such as bisindolylmaleimides, azoindolylmaleimides,
and arylindolylmaleimide, were known for their anti-
proliferative effects [5]. The antiproliferative effects on
cancer cells are produced by the products of nucleo-
philic substitution of a chlorine atom in the 3,4-dichlo-
ro-1H-pyrrole-2,5-dione (maleimides) with N-nucleo-
philes (primary, secondary aliphatic, and aromatic ami-
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nes). The set of maleimide derivatives for our study
was synthesized at Research and Production Bioche-
mical Center of Taras Shevchenko National University
after the stage of in silico design.

The general scheme of the synthesis is shown in Fig.
1. As revealed by the results of pre-screening, the sub-
stance number 1.14 turned out to be the most potent cy-
tostatic one, with the lowest general toxicity. This agent
was classified as 1-(4-Cl-benzyl)-3-Cl-4-(CF,-phenyl-
amino)-1H-pirrol-2,5-dion, hereby denoted as MI1 (Fig.
2) [6]. At the in silico stage of substance molecular
design, we expected that its spatial configuration would
be complementary to the ATP-binding site of protein ki-
nases. MI1 conformation resembles the ATP molecule
but lacks the sites of hydrolysis and can act as a competi-
tive inhibitor of protein kinases. The biochemical stu-
dies showed its ability to inhibit enzymes of protein ki-
nase class, especially effective against tyrosine kinases
[6, 7]. The strong cytostatic and low cytotoxic effects of
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Fig. 2. Substance 1.14: 1-(4-Cl-benzyl)-3-Cl-4-(CF,-phenylamino)-
1H-pirrol-2,5-dion (MI1)
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MI1 have been observed in tests on some epithelial deri-
ved cell lines [8]. The animal studies have confirmed a
low toxic influence of MI1 on the digestive tract and re-
productive system [9—11]. MI1 significantly suppresses
the development of 1,2-dimethylhydrazine-induced co-
lorectal tumors, both in prevention and in the treatment
modes [12].

Therefore, the promising findings from previous
studies suggest that MI1 should be explored more tho-
roughly. The aim of the present research was to investi-
gate the effect of MI1 on the cell cycle progression, pro-
liferative activity, and viability of transformed epithe-
lium derived cells.

Materials and methods. Human epithelial derived
cell lines were used to determine the cytotoxic/cyto-
static MI1 effects. These were the colorectal cancer cell
line Colo-205, the breast cancer line MCF-7, and the
cervix cancer line HeLa (cell lines were kindly provi-
ded by Dr I. Goot, University of London).

Cells were incubated with MI1 for 24 h under nor-
mal conditions in 96 well plates for MTT-test. Initial
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Fig. 1. General synthesis
Amine pathway of 1-(4-R-ben-
\©'< zyl)-3-cloro-4-(R2-penyl-
amino)-2,5-dyhidro-1N-
3.1-3.22

2,5-pirrolediones

cell concentration was about 5 - 10" cells/ml in the samp-
le volume of 100 pl. As a culture media, we used DMEM
(«Sigmay», USA) with 10 % FBS («Sigmay), 2 mM L-
glutamine, and 40 pg/ml gentamicin. Different concen-
trations of MI1 were added to cell cultures in 100 pl of
media after the period of cell adaptation in normal con-
ditions (5 % CO,, 100 humidity, 37 °C) during 4 h. The
number of living cells was determined in wells using
MTT-colorymetric test and cell counts were performed
using a tripan blue dye after 24 h incubation with MI1
[13]. The MI1 cytotoxic effect was evaluated as percent
of'live cells relative to control and characterized by 1C,,
index.

The distribution of cells in different phases of the cell
cycle was assessed by flow cytometry [14]. Cells were
plated in 6-well plates at the density 5 - 10* cells/ml in
total volume 5 ml of complete culture medium. Cells
were incubated with MI1 at densities ten times lower
than the ICy, index estimated for each line by MTT-test.
The cells were incubated for 48 h under normal condi-
tions. The proportions of cells in different phases of the
cell cycle were measured by flow cytometry with argon
laser (Aqycitation = 488 WM, Ay pission = 85/40 um) («Becton
Dickinson», USA) following standard staining. The
samples were analyzed with the help of the Mod Fit LT
3.0 («BDIS», USA) software.

Results and disscusion. The results of cytostatic/cy-
totoxic screening showed that the most susceptible to M1 1
cell line was MCF-7. The IC,, index for MCF-7 was
0.21 mM (Fig. 3, B), while for HeLa and Colo-205 the
indices were 0.43 and 0.63 mM, respectively (Fig. 3, 4, C).
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Fig. 3. Results of cytostatic/cytotoxic screening of MI1 effect for HeLa (4, IC,, = 0.43 mM), MCF-7 (B, IC,, = 0.21 mM), Colo-205 (C, IC,;=0.63 mM):
MTT-test (a) and flow cytometry () data demonstrate cell cycle suppression (b: / — control; 2 — MI1)

Our results confirm earlier evidence indicating low
cytotoxity of MI1 for cell cultures and reveal its anti-
proliferative effect. For that reason each cell line was in-
cubated at corresponding MI1 concentration that was
ten times lower than the IC,; index. The concentrations
used were as follows: for HeLa — 0.04 mM, for MCF-7 —
0.02 mM, and for Colo-205 — 0.06 mM. The ratio of
live to dead cells was calculated in hemocytometer with
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trypan blue staining. The Colo-205 cell line was the
most susceptible to MI1 toxic influence and demons-
trated 17 + 1.5 % dead cells (Table), while HeLa and
MCEF-7 cells showed higher survival rates (more than
90 %) relative to control.

Thus, only Colo-205 cells demonstrated enchanced

susceptibility to toxic effect at subtoxic MI1 concen-
trations.
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Cells viability under the MI1 influence (cell counts were performed using a tripan blue dye)

Cells, %

Cells

HeLa MCEF-7 Colo-205

Control
live 92.9+3.2 94.5+3.9 93.6+0.9
dead 85+2.5 6.9+3.2 58+3.2
Concentration of MI1, mM

0.04 0.02 0.06
live 89.5+£2.5 90.2 +3.7 82.8+5.4
dead 12.6 £3.8 114+19 17 £1.5%

*p < 0.05, against control.

The pool of proliferating cells decreased in all the
lines tested (Fig. 3). The proportion of total cell popu-
lation in G2/M + S phases for Hela was 45.6 +2.5 % in
control and 35.4 £ 0.6 % with MI1; for MCF-7-52.4 +
+ 0.7 % in control and 39.4 + 0.7 % in the test; for
Colo-205 it was — 56.7 £ 0.9 % and 45.4 + 0.8 %,
respectively. The fraction of cell population in G1/G0
phases increased, thus, revealing a clear cytostatic effect
of the tested substance. The described Ml 1cytostatic ef-
fects were probably based on the previously observed
tyrosine kinase inhibitory activity.

Conclusions. 1. 1-(4-Cl-benzyl)-3-Cl-4-(CF,-phe-
nylamino)-1H-pirrol-2,5-dion is demonstrates a mode-
rate toxic effect on epithelial derived tumor cells. IC,,
index is: for HeLa — 0.43 mM, for MCF-7 — 0.21 mM,
for Colo-205 — 0.63 mM.

2. Cell survival at subtoxic concentrations MI1
(ICy,) did not significantly differ from control for HeLa
and MCF-7, and was lower for Colo-205 (82.8 + 5.4 %
versus 93.6 £ 0.9 %).

3. Flow cytometry analysis demonstrated that in the
presence of MI1 cells tend to enter the G1/GO phase.
The proportion of non-dividing cells increased by 20—
30 % (p < 0.05).

JI. B. I'apmanuyk, €. O. [lenic, B. B. Hikyzina, O. I. [xcyc,

O. B.Craukosa, B. K. Pubanvuenxo, JI. I. Ocmanuenko

MI1 — noxigHe ManeimMiay NPUTHiUy€e TPOTPECito KIIITHHHOTO LUKITY

y HYXJMHHHX KJIITHHAX eMiTeIiadbHOr0 MOXOIKESHHS

Pestome

Mema. /[na noxionozo maneimioy MI1 suseneno npuenivennsa nponige-
payii knimun, onocepeokosane iH2iOyeaHHaAM MuposunKinas. Mema oa-

Hoi pobomu noasizana 6 noeniubrenomy susyenni enausy MI1 na nepe-
Ol KNIMUHHO20 YUKILY Y NYXAUHHX KIITMUHAX, d MAKOIC HA IXHIO JHCUM-
mezoamuicms. Memoou. [Iponigpepamusny akmusnicme ma scumme-
30aMHICMb KIIMUHHUX JIHIT PaKy J100UHU (KOJOPEeKMAlIbHA A0eHO-
rkapyunoma — Colo-205; pax monounoi 3anozu — MCF-7; pax wuiiku
mamxu HeLa) susnauanu 3a donomozoro MTT-mecmy ma pymunnozo
niopaxyHKy Kiimum, 3a6apeieHux mpunaHogum cunim. Posnooin xii-
MunKOI nonyasayii 3a pazamu KIIMUHKO20 YUKy 30ICHIOBANU Memo-
oom npomounoi yumodghnyopumempii. Pesynemamu. Iloxazano yumo-
cmamuyHy 0ito noxionoeo maneimioy MI1 wodo kiimunnux ninii eni-
menianvrozo noxoodcenns Colo-205, MCF-7 i HeLa. Tak, xinokicmo
rkaimun y pazax G2/M + S kaimunHo20 yukiy 3sMeHuLy8aniacs npuoiu3-
noy 1,2-1,3 pazy (p < 0.05) oas écix kiimunHux aiHitl 3a 6NAUSY Md-
neimioy nopieHano 3 konmpoaem. Bucnoexu. MI1 moocna posensioa-
mu AK NepCneKmueHy RPOMUNYXIAUHHY CROLYKY, WO Nompedye nooaib-
wWo2o 00CiONCeHH .

Kniouosi crosa: noxioui maneimioy, KiimuHHUU YUK, KIIMUHHI
Kyabmypu.

JI. B. I'apmanuyx, E. O. [enuc, B. B. Huxynuna, E. U. Jocyc,
O. B.Ckaukosa, B. K. Poibanvuenxo, JI. U.Ocmanuenxo

MI1 — IIPOU3BOAHOC MaJICUMHU/1a TOAABJISICT IIPOrPECCHIO KIIECTOYHOTO

IHKJIa B OIMYXOJIEBBIX KIIETKAX SIMATEITUATIBHOTO IIPOUCXOXKICHUA

Pestome

Lens. /15 npoussoonoco mareumuda MI1 obuapysceno zameonenue
npoaugepayuu Kiemok, Onocpedo8aHHoe UHSUOUPOBAHUEM MUPO3UH-
xkunasz. L{env 0annoii pabomol cocmosina 6 yenyoieHHoM u3yyenuu 6iu-
anus MI1 na npoxodxcoenue Kiemouno20 Yukida 6 pakogvlx Kiemkax, a
makdice Ha ux eviycusaemocms. Memoowt. llponupepamusnyro ax-
MUBHOCMb U BLINHCUBAEMOCHIb KIEMOYHbIX TUHUL paKa uenogeka (Ko-
nopexmanvras aderoxkapyurnoma — Colo-205; pax monounotl sceie-
361 — MCF-7; pak weiixu mamku — Hela) onpedensiiu ¢ nomoupio
MTT-mecma u pymunnoeo noocuema Kiemox, OKpaueHHblx mpunamo-
sbim cunum. Pacnpedenenue kiemounoii nonyasiyuu no ¢pazam kiemou-
HO2O YUKNA NPOU3BOOUNU MENMOOOM NPOMOUHOU YUMOPDIYyopumMem-
puu. Pesynomamut. [lokazano yumocmamuueckoe u anmunponuge-
pamugroe oelicmeue npouze00Ho2o mareumuoa MI1 Ha knemounvie
JUHUU 3numenuansHo2o npoucxodicoerusi Colo-205, MCF-7 u HeLa.
Taxk, konuuecmeso kiemox 6 gpazax G2/M + S knemounozo yukia ymero-
wanocwy 6 1,2—1,3 paza (p < 0.05) ons écex munuil no cpagHeHuIo ¢ KOHM-
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ponem. Bvrgoowr. IIpoussoonoe maneumuoa MI1 modcno paccmampu-
6amb KaK NepcneKmueHoe NPOMUE0ONYxXoe60e CoeOUHe e, 4mo mpe-
byem danvHetuux ucciedo8anull.

Knrouesvie cnosa: i’lpOLL?GOpol@ Maﬂeu/wu()a, KJIemOoyHbll Yukiu,

Kllemo4Hble KY/1bmypbl.
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