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ÖZET
Amaç: Bu çalışma üç yeni benzimidazol retinoidin HL-60 hücrelerinde çoğalmayı
baskılayıcı etkisini ve DNA’ya bağlanmasını incelemeyi amaçlamaktadır.
Metotlar: Benzimidazol retinoidler daha önce bildirildiği biçimde sentezlendi.
Hücreler % 10 fötal sığır serumu ve antibiyotik içeren besi ortamında üretildi. Alltrans retinoic asit, 9-sis retinoik asit ve retinoidler farklı dozlarda hücrelere eklendi.
Hücre çoğalması 4, 6-diamidino 2 phenyl indole ile boyanarak DNA ölçümü ile incelendi. Plazmid bakteride çoğaltılıp elde edildi. Retinoidler, retinoik asit, etidyum
bromür ve 4, 6-diamidino 2 fenil indol, plazmidlerle 5µg DNA’ya 10 -5 M olacak
şekilde etkileştirildi. Daha sonra agaroz jel elektroforezine uygulandı ve etidyum
bromür ile görüntülendi. Kendi içinde komplementer olmayan adenin ve timinden
oluşan oktamerik oligonükleotitler retinoidlere uygulandındıktan sonra poliakrilamid jel elektroforezinde koşturuldu ve gümüş boyama ile izlendi.
Bulgular: Benzimidazol retinoidler hücre çoğalmasını doza bağlı bir şekilde
baskıladı. Baskılayıcı etki all-trans retinoik asit ve 9-sis retinoik asit ile oluşandan
önemli bir fark göstermedi. Retinoidler pDNA’ya 4, 6-diamidino 2 fenil indol ile
benzer biçimde bağlandı.
Sonuç: HL-60 hücreleri üzerinde önemli oranda çoğalmayı baskılayıcı etki göseren
bu yeni retinoidler etkin antikanser bileşikler olabilirler ve DNA’ya bağlanma özellikleri bu hücrelerde çoğalmaya ilişkin süreçleri etkileyebileceklerine işaret ediyor
olabilir. Ancak, özgün etkilerinin açığa çıkartılması gereklidir.
Key Words: Benzimidazol, retinoidler, HL-60 hücreleri, antiproliferatif etkiler,
DNA’ya bağlanma
ABSTRACT
Objectives: This study aims at analyzing the antiproliferative effects of three novel
benzimidazole retinoids on HL-60 cells and their DNA binding.
Methods: Benzimidazole retinoids were synthesized as reported previously. Cells
were grown in medium supplemented with 10 % fetal calf serum and antibiotics. All-trans retinoic acid, 9-cis retinoic acid and retinoids at different doses were
added to cells. Cell proliferation is determined by measuring the amount of DNA
using 4, 6-diamidino 2 phenyl indole staining. Plasmid was grown in bacteria and
isolated. Retinoids, ATRA, ethidium bromide and 4, 6-diamidino 2-phenyl indole
were added to the plasmids at a ratio of 10 -5 M to 5µg DNA. These were then electrophoresed on agarose gel and stained with ethidium bromide. Octameric oligonucleotides without self complementarity consisting of adenine and thymine were
incubated with retinoids and run in polyacrylamide gel electrophoresis then visualized by silver staining
Results: Benzimidazole retinoids have suppressed cell growth in a dose dependent
manner. Cell growth inhibition was not significantly different to those induced
by all-trans retinoic acid and 9-cis retinoic acid. Retinoids were bound to plasmid
DNA in a similar mode with 4, 6-diamidino 2 phenyl indole.
Conclusion: These novel retinoids showing significant amount of antiproliferative
effects on HL-60 may be potential anticancer agents and their DNA binding potential may point out their further efficiency in interfering the growth related processes in these cells. Their specific actions however remain to be elucidated.
Anahtar Kelimeler: Benzimidazole, retinoids, HL-60 cells, DNA binding, antiproliferative effects, DNA binding.
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Cell Culture

Introduction

The human myelocyctic leukemia cell line HL-60 were grown
in RPMI-1640 medium (Gibco Grand Island, New York, USA
) supplemented with 10 % heat-inactivated fetal calf serum
(Gibco), 2mM glutamine, penicillin (100 U/ml) and streptomycin (100 µg/ml) by incubating in 5 % CO2 humidified atmosphere at 37°C. The total HL-60 cells dispensed in tissue
culture wells at a density of 500000 cells/well (6 well trays,
Costar, Cambridge, MA, USA).

It is well known that all-trans-retinoic acid (ATRA) and related natural retinoids are biological regulators of differentiation,
proliferation, apoptosis and synthetic analogs which have been
used for many years as monotherapy and/or in combination for
treatment of acute premyelocytic leukemia and the treatment
of dermatological diseases [1, 2]. (ATRA), 13-cis retinoic acid
(9-cis RA) induces several cancer cell lines including HL-60
to differentiate into granulocytes, which subsequently die by
apoptosis [3−5]. Both natural and synthetic retinoids have been
shown to inhibit the growth of different pre-neoplastic and
neoplastic cell types and to suppress the induction of growthrelated properties [6]. Therefore, retinoids have recently received considerable attention as agents that may have utility
for both cancer prevention and treatment due to their regulatory properties in cell differentiation/proliferation [7,8] and
inducing apoptosis [3−5]. However, widespread use of these
retinoids has been limited due to the observation of numerous
undesirable side effects, due in part to their high hydrophobicity, such as hypervitaminosis A, which includes mucocutaneous irritation, cornification disorder, alopecia, teratogenicity
and metabolic disorders [9]. Thus, several retinoids have been
designed in order to improve the clinical efficacy of retinoids.
We have developed conformationally constrained retinoids
consisting of tetrahydro-tetramethyl-naphthalene moiety
which is integrated with benzimidazole ring system. Tetrahydro-tetramethyl-naphthalene moiety is extensively studied
among retinoidal compounds and also exists within the structure of one of the potent retinoid agonist [10,11].

Drug Treatment

(ATRA), (9 cis-RA) and retinoids indicated as BITN, BITNm
and BITNe each at three different doses; 10 -4 M, 10 -5 M, 10 -6
M were added to HL-60 cells in culture. Retinoids were dissolved in ethanol; they were further diluted in the culture medium. Therefore ethanol never exceeded 0.1 % and this percentage did not effect cell growth.

Cytotoxicity assay

Cell viability was determined by trypan blue dye exclusion
assay. To evaluate the cell growth ATRA, 9-cis RA and the
retinoid treatment, 10 -5 of each compound was added per 500
000 HL-60 cells and incubated for 48 hours. Cells were then
collected and the amount of DNA was indicated by 4, 6-diamidino 2 phenyl indole (DAPI) staining and measuring the
florescence at 360 nm and 500 nm excitation and emission
respectfully [15].

We have previously described the synthesis and antioxidant
activity of a tetrahydro-tetramethyl-naphthalene benzimidazole compound which showed a potential antioxidant activity
on hepatic cytochrome P450 (CYP) dependent ethoxyresorufin O-deethylase (EROD) and pentoxyresorufin O-depentylase (PROD) enzyme activities [12]. We have extended this
observation to further synthesis of derivatives of the above
mentioned compound of which synthesis and antioxidant activities are reported elsewhere [13, 14]. Here, we report their
antiproliferative effects with comparison to that of (ATRA)
and (9-cis RA) on HL-60 cells and their binding to plasmid
DNA (pDNA) and synthetic AT nucleotides.

To evaluate the dose dependent cytototoxicity, HL-60 cells
were dispensed in 6 well culture plates at a density of 500.000
cells/ ml. Retinoids were applied at doses of 10 -4, 10 -5 and 10 -6.
At 24, 48 and 96 hours of treatment growth is expressed as a
percentage of control cells.

DNA binding assays

PGEM plasmid was grown in E coli and isolated by fast alkaline lysis [16]. Retinoids, (ATRA), ethidium bromide (EtBr)
and (DAPI) were added to the plasmids at a ratio of 10 -5 M to
5µg DNA. Adducts were incubated for 1 hr at 37 oC in the dark.
These were then electrophoresed in 0.08 % agarose in 1xTBE
for 2 hours at 70 mV. Gels were stained with (EtBr) for 20
minutes and visualized after distaining O/N. Octameric oligonucleotides without self complementarity consisting solely of
adenine and thymine were designed and synthesized at 0.186
µg/µl concentration. Complementary AT octamers were incubated at 20 ° C to form duplexes. Retinoids were incubated
with AT octamers and AT octameric duplexes. Adducts were
then run in 20 % polyacrylamide gel electrophoresis (PAGE)
in 1X TBE and bands were visualized by silver staining [17].

Materials and Methods
Retinoids

The compounds were synthesized using NaHSO3 addition
product of 5, 6, 7, 8-tetrahydro-5, 5, 8, 8-tetramethyl-2-naphthalene-carboxaldehyde as starting material, and were prepared as described [14, 15]. The structures of retinoids are
shown in Figure 1. (ATRA) and (9 cis-RA) (Sigma Chem. Co)
and the retinoids were dissolved in 70% ethanol, stored as 100
mM stock
solutions and kept in dark at –20 °C.
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Figure 1. Structures of the retinoidal compounds.
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R: COOH (BITN), COOCH3 (BITN-m), COOCH
2CH3 (BITN-e).
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Antiproliferative effects of retinoids: Retinoidal compounds
exhibited strong cytotoxicity on HL-60 cells; however the
magnitude of inhibition was not significantly higher than that
of (ATRA). Among the three retinoids BITNm’s cytotoxic
effect was found to be significantly more than the other two
(Figure 2). The cytotoxic effects of retinoids were found to be
dose dependent as shown in Figure 3.

DNA binding:

Plasmid DNA: Agarose electrophoresis of pGEM plasmids
reveal linear and supercoiled forms of bacterial DNA (pDNA).
(EtBr), (DAPI) and ATRA and the retinoids are incubated with
(pDNA) and analyzed at 0.8 % agarose gel. Figure 4 shows
the electrophoretic profile of (pDNA) adducts. Treatment of
(pDNA) with (EtBr) and (ATRA) lead to quenching of distinct
bands while (DAPI) had a rather weak effect on (pDNA) profile in electrophoresis similar to those of retinoids.
Oligonucleotides: Retinoids were incubated with AT octamers
an AT duplex and adducts were run in 20% polyacrylamide gel
and stained with silver. The gel retardation of retinoid bound
nucleotides is shown in Figure 5. AT octamers and duplexes
ùekilller:
treated
with retinoids were both retarded in gel as compared
to that of untreated ones.

Discussion

minal methyl group in the molecule. Further analysis of their
receptor selectivities may explain this difference. The antiproliferative effects of retinoids are found to be dose dependent.
BITN and BITNm demonstrates a highly dose dependent effect during the 5 day period, while BITNe becomes more dose
dependent at higher doses (1 µM).
A great majority of cancer drugs and antimicrobial drugs exert
their actions through DNA binding. This is believed to be the
result of inhibition of gene expression or change in availability
of certain parts of genome for regulatory protein recognition
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[21, 22]. Major modes of DNA binding are groove binding and
intercalation and intercalators may also induce strand breaks
in DNA [23, 24]. Therefore, we have analyzed DNA binding of
these compounds by various methods [25, 26]. All three forms
of retinoids effected (pDNA) in a similar manner with (DAPI)
which is a well known minor groove binder with AT sequence
specificity. The DNA damage may indicate that BITN, BITNn
and BITNm do not intercalate but do have affinity towards
nucleotides. Thus, they may well fit into the minor groove
and effect genes related to cell growth and their mode of action may be different to that of (ATRA) in a less toxic manner.
Their specific actions through receptors however remain to
be elucidated.
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