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Abstract: Recently the role of indole and pyran rings in carcinogenesis has been well studied. Here we studied the effects and the possible mechanisms of the

action of basal indole (I3A) and its novel indole derivative (C19H15F3N20) on inhibition of proliferation cells in acute promyelocytic leukemia NB4 cell line by
examining the expression of cell cycle genes. We treated NB4 cells with concentration of C1I9H15F3N20 for 24-72 h. The MTT and PI/Annexin V examinations
were employed for assessment of the proliferation and apoptosis of NB4 cells. Both of Cyclin D and P21 were detected by the Real-time PCR. The western blotting
analysis was also performed to show the protein levels for P21. A difference was regarded significant if p-value was less than 0.05. MTT assay showed that 15.12-
1000 pg/mL C19H15F3N20 caused a time and concentration-dependent inhibition of NB4 cell proliferation. Exposure to higher concentrations of C19H15F3N20
resulted in significantly increased apoptosis rate in NB4 cells. RT PCR showed that C19H15F3N20 has up-regulated the expression of P21 and down-regulated the
expression of Cyclin D. Western blotting experiments also demonstrated that the P21 expression in CI9H15F3N20 treated cells has significantly increased, where
compared with either untreated control cells or I3A treated cells. This newly (C19H15F3N20) was able to inhibit NB4 cells proliferation and causes apoptosis
of these cells more than I3A, and these effects are probably facilitated via cell cycle arrest. CI9H15F3N20 might probably be introduced as a promising organic

therapeutic reagent against APL.

\ {(ey words: C19H15F3N20; Gene; Cancer; Flow cytometry; Real-time PCR; Western blot. /

Introduction

Around, 10% of acute myeloid leukemia (AML)
sufferers are diagnosed as APL which was defined by
having the t (15; 17), chromosomal translocation as a
result of merging of PML gene into the RARa gene. The
expression of resulted PML-RARa chimeric protein is a
fundamental leading cause for leukemia-genesis. These
include differentiation and cell cycle arrest and further
apoptosis (1-3). This highly encouraged medical scien-
tists, including our team to investigate and approach po-
tential molecular target-based compositions, especially
novel synthetic reagents, against APL and further deve-
loping novel synthetic products to target PML-RARa
oncoprotein in a straightforward manner and remar-
kably increase the survival of patients suffering from
APL (4, 5). The Indole-3-carbaldehyde (I3A) represents
various functions against cellular proliferation and the-
refore serves as anti-cancer. The event of cellular proli-
feration is an important phenomenon that is associated
with cancer development and continued progression.
The G1 phase of cell cycle arrest was shown to be mo-

dulated by I3A in cancer cells. P21 and Cyclin D are
key regulators of the cell cycle in tumor cells (6-8). The
cyclin dependent kinases-1 (CDKs) has a pivotal role
during the initial phases of the cell cycle. The cyclin
D1- CDK4, in particular mediates a prevention point
of a threshold which is deserved for all silent cells that
might pass, in order to divide (9, 10). During this check-
point, cyclin D1- CDK4 phosphorylates the RB protein,
as the suppressor of cellular mitosis. Following phos-
phorylation the transcription factors (E2F) pro-devotion
is taking place, which in turn stimulates the transition
through the prevention point where the cells are com-
mitted to start a division program. Limiting of CDK4
with natural inhibitory proteins, such as CKls which
serves as a restriction factor against cellular mitosis and
inhibits unrestricted cell growth in normal cells is achie-
ved. The down expression or inactivation of CKls is a
frequent behavior of tumor cells. Subsequently, small
size molecules are functioning as inhibitors of CDKs
and initiate unlimited cell proliferation in a tumor (10).
The tumor suppressor protein, p21 trans-activates mul-
tiple genes (11, 12), that are involved both in the events
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of apoptosis and cell division. The CDK inhibitor, p21,
attaches to G1- CDK4/cyclin D complex and in turn
facilitates the G1 arrest (13). Additionally, p21 restricts
the G2/M phase via negatively affecting the Cdc2 acti-
vities as well (14, 15). Overexpression of P21 has been
reported in several cancers (16-21) (26,—34). Muta-
tions in p21 are not well identified (22, 23), however,
exceptions were reported (24-26), that raising questions
concerning the issue of enhanced p21 in some tumors.
Although, knocking down of P21 was demonstrated to
the empire the formation of in fibroblasts CDK4/cyclin
D1 complex (27), studies have predicted that p21 is
highly deserved for the formation of this complex. The
P21 has promoted the complex formation. Its activity
at the lower concentration required for inhibition of the
complex (28). The restrictory effects of p21lon normal
cells is a frequent event, due to the fact that measures
of CDK are constantly sustained (29) and cyclin level is
closely modulated (30, 31). In tumors, the expression of
CDK4/ cyclin D1 are increased (32-35) which allowing
raised in complex and in turn retaining stoichiometry, in
addition to elevating P21 level. P21 and cyclin D1 have
been reported in various types of tumor (18), and their
blocking inhibits tumor growth (36). Activated CDK4/
cyclin D1 phosphorylates retinoblastoma protein at
Ser780 residue which is followed by releasing of E2F1
transcription of RB/E2F1 as an inhibitory complex (37-
39). Consequently, E2F1 activates its own promoter
(40) and in combination with several other targets such
as cyclin A2, cyclin E1, and Myc, is involved in cell
proliferation pathway(1, 41, 42). The I3A impacts on
cancer cells, p27 and p21 have been well documented,
however, cdk6-dependent activity was decreased (6, 7)
and such an activation was required for I3A- dependent
cell cycle arrest. In the current investigation, we have
evaluated the effects of CI9H15F3N20 and I3A as the
basal indole on NB4 cells. To approach these are com-
paratively tested for their ability to observe weather if
they are able to induce growth and cell cycle arrest of
NB4 cells. Evaluation of both anti-leukemic potency
and safety of the novel compound of C19H15F3N20
and basal indole might probably offer an interesting and
promising clinical opportunity for the treatment of AML
as well as other types of malignancy. The gene expres-
sion of cyclin D and P21 and their related gene products
were also in this study investigated to explore some ex-
pected background molecular mechanistic events.

Materials and Methods

Preparation of C19H15F3N20
As described in our previous works the method was
applied for the preparation of C1I9HI5F3N20 (44, 45)

(Fig 1).

Cell culture protocol and method

A sample of the human NB4 cell line was prepared
from pasture institute, Tehran-Iran. The prepared NB4
cells have initially been cultured in RPMI-1640 me-
dium , inoculated with 10% fetal bovine serum (FBS),
100 IU/mL of penicillin and 100 pg/mL of streptomycin
(Gibco; Thermo Fisher Scientific, Inc., Waltham, MA,
USA), in humidified atmosphere containing 95% O2-
5% CO2, at 37°C.

Methods for assessment of cell viability

Methyl-thiazolyl tetrazolium (MTT) assay

The viability of cells was determined using MTT-
based techniques. To approach this, the NB4 cells were
seeded onto the 96- well plates within a density of 1x10*
cells/ well. The I3A and C19H15F3N20 were then added
to the cultured cells at various concentrations of 15.12,
31.25, 62.5, 125, 250, 500 and 1000pg/mL alongside
with vehicle control, the dimethyl sulfoxide (DMSO).
Following indicated time point’s 24-72h MTT assays
were conducted. Briefly, 20 pl of 5 mg/mL of the MTT
solution (Sigma, USA) was added to each separate well.
Subsequently, the incubation of plates was further conti-
nued at 37°C for an additional period of 4 h. After 4h the
supernatant medium was gently discarded and replaced
by DMSO to dissolve the purple crystal. Finally relative
absorbance for each well was detected at 570 nm by an
ELISA reader system (ELISA reader, Bio Tek EIK 808,
USA). Each sample was analyzed in triplicate (45).

Flow cytometric based cell analysis for apoptosis

The Annexin V-FITC / PI method was performed for
the detection of cell death via apoptosis, as was recom-
mended by manufacturers. To achieve that, cells were
plated out in culture flasks (25 cm2) and were then
incubated at 37 °C in humidified atmosphere contai-
ning, 95% 02-5% CO2for 24h. After 24h of culture,
the culture supernatant was replaced by freshing pre-
pared medium containing either CI9H15F3N20 or [3A
at IC50 concentration for 24, 48 and 72 h. Following
an appropriate period of incubation duration cell lines
have been harvested with centrifugation (1000 rpm for
5 min) and were further rinsed twice in fresh and cold
PBS. The culture supernatant has gently been discarded
and the resultant cell pellet was again re-suspended in
the binding buffer. A volume of 5 pL annexin V-FITC
along with 10 pL of PI (BD FACS Calibur- USA) was
then added to each suspension for staining of NB4
cells. Suspensions were vortexed gently and incubation
was continued in dark environment at RT for 10 min
(eBioscience, USA) and cells were counted by a flow
cytometry machine. All of these experiments were also
repeated for three times.

The mRNA extraction and synthesis cDNA

The cellular total RNA was isolated by employing
of a RNA purification kit (QIAGEN, Germany). Fur-
ther extraction, the accuracy of the extracted RNA was
assessed by electrophoresis on 1% agarose alongside
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2-(1-((2,4-dimethylphenyl)imino)-2,2,2-trifluoroethyl)-1 H-
indole-3-carbaldehyde

Chemical Formula: C4gH45F3N,0
Molecular Weight: 344.33

Figure 1. Shows the chemical structure of C1I9H15F3N20.
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with ethidium bromide staining and visualization of the
RNA bands. The absorbance of resultant RNA was also
read at 260 and 280 nm and the 260nm/280nm ratio was
calculated for expecting protein contamination.

The DNase was used to remove DNA contamina-
tion from RNA. Further, the MMLV cDNA enzyme
was applied for synthesizing strands from all mRNA
molecules present in the specimens. OligoT Primer and
Revert AID First Strand cDNA Synthesis  (Bioneer,
Korea) kits have also been employed to build cDNAs.
Then, a reverse primer and a forward primer, as well as
the Taqg DNA polymerase enzyme, ATCG nucleotides
and appropriate buffering media, and the Siber-green
fluorescence color, DNA was synthesized from the in-
vestigated genes and reproduced in Applied Biosystems
thermocycler (US).

Performing of the Real-Time PCR

By the using of specific primers Cyclin D and P21
(Table 1), the expression of them was determined, em-
ploying RT PCR by a BIO-Rad Real-Time system (Bio-
Rad Company, USA) . The RT-PCR temperature condi-
tions were initial denaturation of templates at 95°C for
15 min, which was followed by 40 cycles of denatura-
tion at 95° C for 15 s and annealing/extension at 58°C
for 30 s. In this method, two integration and extension
processes were coupled together and the PCR was per-
formed in two steps. It is also important to be stated
that B-actin as a housekeeping gene was used as control,
and the expression level of each gene was calculated
according to the amount of ct and control ct in 244,
The difference the number of target genes copies to the
control gene; i.e. actin-f, was also calculated.

Western blotting

Whole cellular protein content was isolated from
cells by (RIPA) buffer contained protease inhibitors. To
measure protein level, the Bradford’s protein measure-
ment method was performed by a Bio-Rad protein assay
reagent (Bio-Rad, San Diego, CA, USA), as manufac-
turer's recommended. Equal quantities of protein (20 pug
in each well) were loaded and further isolated on12%
SDS-PAG. Further isolation the gel, proteins were trans-
ferred onto the PVDF membranes in a semi-dry transfer
system. Non-specific binding of proteins was blocked
by a buffer containing 5% of skimmed milk which was
dissolved in Tris-buffered saline and Tween-20 (TBST)
at room temperature for an hour. Membranes contai-
ning proteins were then probed using primary human
anti p21 antibody (cat. no. 687402; 1:500, Monoclo-
nal Mouse IgG1 anti-human) (BioLegend; San Diego,
USA), human anti -actin antibody (cat. no. sc-47778;
1:100, Monoclonal Mouse IgGl anti-human), (Santa
Cruz Biotechnology Inc., USA) for an, overnight at a
4°C environment. At the next step the antibody probed
membranes were washed up for three times in TBST.
Table 1. Contains the relative information of primers, including
sequences for primers of studied genes.

Primer  Forward (5'—3') Reverse (5'—3")

P21 GTGGACCTGTCACTGTCTTG GGCGTTTGGAGTGGTAGAAA
Cyclin  CCTCGGTGTCCTACTTCAAA CTCTTTTTCACGGGCTCCAG
D

B-actin  GGGCATGGGTCAGAAGGATT CGCAGCTCATTGTAGAAGGT

Membranes were then incubated in the presence of the
secondary antibody: [goat anti- Mouse immunoglobulin
g (IgG)/horseradish peroxidase (HRP); cat. no 405306;
by 1:1,000 (BioLegend; San Diego, USA)] and anti
B-actin antibody [goat anti- Mouse immunoglobulin g
(IgG)/horseradish peroxidase (HRP); cat. no sc-516102;
1:1,500 (Santa Cruz Biotechnology Inc., USA)] for an
additional hour. The ECL Plus reagent (purchased from
Bio-Rad, San Diego, CA, USA) was used for the deve-
lopment of protein bands. The B-actin (as a housekee-
ping protein) was used as the internal control. These
assays have also been repeated for three times (46).

Statistical analysis

The student t-test along with repeated analysis of va-
riance employing SPSS software version 18 was applied
for statically analysis of the data. Data are expressed as
the mean + standard deviation. The ddifference was sta-
tistically regarded significant if p-value was lower than
0.05.

Results

The viability of NB4 cells is altered in response to
I3A and C19H15F3N20 based on the MTT assay
Both I3A and C19H15F3N20 have effectively de-
creased the NB4 cells viability at the approximately
equal extent, nonetheless, the lower concentrations of
C19H15F3N20 have more remarkably reduced the
viability than what was observed for I3A.Present data
propose that C1I9H15F3N20 has exhibited more sup-
pressory effects, compared to I3A. The decreased NB4
cell lines viability further 24-72h of treatment with
CI9H15F3N20 was more whereby compared to 13A

(Fig 2).
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Figure 2. Demonstrates the Cell viability (%) of NB4 cells treated
with C19H15F3N20 compared to I13A after 24 h 48 h and 72 h,
using the MTT method (P < 0.05). All of the observed changes
observed in the cell viability are significant (P < 0.05).
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Apoptosis of NB4 cellsis facilitated by C19H15F3N20
and I3A

The NB4 cells apoptotic response to C19HI5F3N20
and by flow cytometry method

For the detection of apoptosis, NB4 cells were
treated by appropriate concentrations of I3A and
CI19H15F3N20 at the IC50 doses for 72 h and then were
subjected to staining with Annexin V and PI to examine
apoptotic effects of I3A and C19H15F3N20. The flow
cytometry results displayed that CI9H15F3N20O has
increased apoptosis of treated NB4 cells following 72
h in compare to I3A and control. As clearly is shown in
Fig 3, the Annexin V related expression alongside with
the apoptosis rate of NB4 cells following 72h treatment
with I13A, C19H15F3N20 and untreated left control
cells (Fig 3a and b).
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Figure 3. a. The Flow cytometry technique was applied for the
quantification of determines apoptosis rates using the annexin V-
FITC/PI staining method. The NB4 cells have received the relative
IC50 concentration of CI9H15F3N20 and I3A for 72 h. Stained
cells are visible in four different groups of namely viable cells
(LR), early apoptotic cells (LR), late apoptotic (LL) and finally
necrotic cells (UL). The relative percentage of apoptotic (that
were treated by C19H15F3N20) was significantly increased whe-
reby compared with both control and I3A treated population. b.
Demonstrates the mean+=SD between UL (necrotic cells), UR (late
apoptotic cells), LL (normal live cells) and LR (early apoptotic
cells) in untreated and treated cells with C1I9H15F3N20 in com-
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Figure 4. a. Demonstrates the effect of C19H15F3N20 on the
mRNA expression of Cyclin D, in comparison to both untreated
control cells and I3A treated cells.I3A. # = significant in compare
to I3A (P < 0.05) * = significant in compare to control (P < 0.05).
"= Significant in compare to different time points (P < 0.05). b.
Demonstrates the effect of CI9H15F3N20 on the mRNA expres-
sion of P21 in comparison to both untreated control cells. # =
significant in compare to I3A (P < 0.05) * = significant in compare
to control group (P < 0.05). "= Significant in compare to different
time points (P < 0.05).

24h 48h 72h

Control  IC50(I34) ICSUCISHISESN0) Control  IC50(I34) 1CS0CI9MISESN20)  Control  ICS0(I34)  1CSO(CISMISFIN20)

P2 D S . <o

Figure 5. Effect of CI9H15F3N20 on the protein expression of
P21. The protein expression of P21 has markedly elevated compa-
rison to control. Expression of B-actin was used as control and P21

is partial to B-actin.

Differential effects of I3A and C19H15F3N20O on the
expression of Cyclin D and P21 genes

Our findings have demonstrated that the expression
of cyclin D was considerably down-regulated following
24, 48 and 72h treatment by C19H15F3N20 (P < 0.05)
in compare to I3A and untreated control cells (Fig 4a).
The expression of P21 has followed an inverse fashion
and has significantly up-regulated (P < 0.05) when cells
were incubated for 24, 48 and 72h with C19H15F3N20
compared to both control and I3 A (Fig 4b).

Regulatory effects of I3A and C19H15F3N20 on the
protein expression of P21 by NB4 cells

Following 24, 48 and 72h of the culture of NB4
cells in presence of C19H15F3N20 the protein levels
of P21 was considerably elevated, whereby compared
with control (untreated) and 13 A treated cells(P<0.01).
Thus, in a way it means that the increased protein level
of P21 is in concert with its mRNA level, as confirmed
by western blotting. As could be observed in fig-6 the
protein band of P21 is localized in its predicted mole-
cular size (20 kDa).The B-actin as a housekeeping gene
was utilized as control and the expression of P21 is pro-
portional to B-actin (Fig 5).

Discussion

Gene therapy for leukemia has emerged with inef-
fective results, so far. Therefore, research in the topic
of key molecules involved in regulating of the leukemia
cells growth has been considered as an important attrac-
tion for researchers and medical scientists to explore
the underling mechanisms of leukemia and relatively
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prospects of therapeutic gene therapy, these days. The
current research was designed and aimed to investigate
the role of P21 and Cyclin D in human leukemia cells.
The P21 is considered as a, CKI that prevents the activi-
ties of CDK1, 2/cyclin-, and -CDK4/6 complexes, and
thus serves as a checkpoint regulator for the develop-
ment of G1 and S phases of cell cycle (47-49). Moreo-
ver, in G1 phase, the expression of P21 mediates cel-
lular (50, 51). Cyclin D is expressed at G1/S transition
phase where the diverse mitogenic signaling cascades
are simultaneously activated to mediate engagement of
the cell cycle machinery. Regardingly, the cyclin DI
down expression and its correlation with tumorigene-
sis in various cancers are well evidenced (52, 53). One
fundamental property which was considered for the [3A
is its ability to limit the growth of cancer cell lines (54-
56). Synthesizing of novel anti-cancer combinations
for anticancer purposes is a promising path by which
the therapy of cancer might possibly be achieved. (51).
To approach these synthesized novel derivatives of
indole family, containing more fluorine methyl indole
ring with attached phenyl ring is among properly sui-
table therapeutic compounds. Due to exhibiting lipo-
philic properties organo-fluorine compounds are highly
electronegative fluorine which is an important factor
for drug delivery, and this fluorine causing wides-
pread application in the pharmaceutical industry, food
and agriculture (57, 58). Attaching of the CF3 groups
to these types of compounds elevates their antitumor
activity, and relatively stabilizes these compounds and
thus leading to important biological potency. Addition
of phenylalanine amino acid also enhances its activity
and as more as hydrophobic alkyl groups increase stop-
ping cellular proliferation by several folds (59). Amines
and their derivatives have indicated many specific bio-
logical features such as anti-bacterial, anti-fungal and
anti-cancer. Addition of these substituents to nitrogen
which presents in the indole ring of 13A molecule by
the more hydrophobic alkyl groups showing maximum
potency. According to these facts, CI9H15F3N20 was
designed so that exhibits a remarkably enhanced hy-
drophobic potency. Additionally, CI9H15F3N20 was
considerably more stable than I3A. This feature could
possibly be gained as a result of the steric impact of the
bulky CF3 group exchange, that present in its structure
and this may prevent oligomerization of the I3A deriva-
tive action. A key restriction for employing of I3A is the
requirement of relatively elevated measures which rela-
tively restricts cellular proliferation (51, 60-62). Com-
paratively, we observed that CI9H15F3N20 is one of
the strongest synthetic derivatives of I3A, to date, and
has the ability to increase the cell cycle arrest by seve-
ral folds in NB4 cells. C19H15F3N20 exhibits an IC50
value at nano-molar scale when is compared to the mi-
cro-molar scale concentrations of I13A, and this is able
to overcome the problem of relatively high measures of
I3A which is deserved for suppression of the NB4 cells
proliferation. This property implicates the feasibility of
CI19H15F3N20 to be employed as a therapeutic com-
pound against NB4 and possibly other tumor types in
vitro and in vivo. Importantly, CI9H15F3N20 main-
tained the hallmarks of anti-proliferative responses of
I3A in NB4 cells. C19H15F3N20 is able to effectively
inhibit the NB4 cell lines proliferation and this propose

that this 13A derivative as a novel I3A derivative may
potentially be used as a promising target for treating
myeloid leukemia, especially the promyelocytic type.
These observations implicate the use of CI9H15F3N20
therapies and allowing lower doses, and hence, reduce
the unwanted adverse effects of the previously available
medicines. CI9H15F3N20 elicits the potent anti-pro-
liferative response of NB4 cells, indicating that this
synthetic indolic compound is biologically active in
the in vivo environment. The anti-proliferative activi-
ties of CI9H15F3N20 at effective low concentrations
in vitro may make it as a promising candidate to be
developed for therapy of the other types of cancers in
future as well. In current study, we have examined the
role of P21 and Cyclin D in the arrest of the cell cycle
pathway in presence of I3A and its novel derivative, the
C19H15F3N20. To our best knowledge, this study is
the first investigation that has addressed a critical role
for I3A and C19H15F3N20 in the mediation of the P21
and cyclin D expression, to date. We have observed that
the level of P21, mRNA expression was increased while
the cyclin D expression was inversely reduced in NB4
cells, whereby treated by C19H15F3N20 in compare
to both control and I3A. The effects of CI9H15F3N20
on the p P21 protein expression has also been examined
in NB4 cells that received compound for various dura-
tion varying from 24 and 48 to 72 h. Western blotting
analysis revealed that C19H15F3N20 has also strongly
upregulated the P21 protein expression by NB4 cells,
,while, the C19H15F3N20 concentration has been in-
creased. Although, there exists no report within the lite-
rature regarding the regulatory effects of CI9H15F3N2
but Mauro De Santi and colleagues reported that both
P21 and cyclin D are amongst genes responsible for
restricting the processes of cellular proliferation. P21 is
introduced as a general inhibitor for CDK family and
is able to block development of cell cycle during either
the G1/S or G2/M phase (43). Our results showed that
there were approximately several folds of increased
potency for C19H15F3N20 when compared to I3A.
Regardingly the effects of [3A on NB4 cells has regu-
lated the expression of plenty of genes mainly for the
cell cycle, such as reducing cyclin D1 expression le-
vels and increasing P21 (63). Overall, theanalysis of
our data determined that both C19H15F3N20 and I3A
could be considered as a promising therapy method for
tumors. Collectively, findings of this investigation are
indicative for the fact that CI9H15F3N20 prevents cell
cycle progression via P21-Cyclin D-dependent pathway
by probably equilibrating of the stoichiometry between
CDK4/cyclin D1 and P21 with decreasing cell cycle
activation. The demonstrated elevated level of the ex-
pression P21 in primary cancers together with findings
from this research on the functions of P21 propose the
possibility that P21 can favor faster cell growth in tumor
conditions with enhancing cell cycle. Since P21 is ove-
rexpressed in different tumors, utilization of cell cycle
diagnostic and therapeutic perspective in tumors, this
overexpression could be further explored.
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