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ABSTRACT

Inhibition of histone deacetylases (HDACs) is emerging as a new strategy in cancer therapy. In the present work a
novel pyrimido-quinoline benzene sulfonamide (PIQSA compound) was designed and synthesized postulating its ability
to inhibit HDAC enzyme in cancer cells. This study was designed to examine the in vitro anti-tumor efficacy of PIQSA
against Ehrlich Ascite carcinoma cells (EAC) and three of the human cancer cell lines (H460), brain (U251) and liver
(HepG2). The results of Cytotoxic assays showed that PIQSA exhibited in vitro antitumor activity in a dose dependant
manner. The tumor growth delay studies indicating that PIQSA resulted in significant regression in tumor growth,
which was more pronounced when PIQSA treatment accompanied with radiation exposure. Also, the efficacy of PIOSA
to influence radiation response in Ehrlich solid carcinoma (ESC) tumors was estimated. The results suggest that PIQSA
exhibited antitumor activities and strong radioenhancing properties associated with inhibition of HDAC activity, DNA
fragmentation followed by apoptotic cell death, preferential cell loss of cells particularly in G1/GO phase through an
apoptotic pathway.
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1. Introduction

The major focus research in chemotherapy for cancer
includes the identification, characterization and devel-
opment of new and safe cancer chemo representative-
agents [1]. Quinoline derivatives are important biologi-
cally active compounds with antibacterial [2] and anti-
cancer activity [3]. On the other hand, a new set of sul-
fonamide derivatives of potential antitumor agents were
developed and synthesized [4-7] and also as HDACIs
[4,8]. Acetylation of histones in chromatin is one mecha-
nism involved in the regulation of gene transcription and
is tightly controlled by the balance of acetyltransferase
(HATs) and deacetylase (HDAC) activities [9]. HDACs
mediate changes in nucleosome conformation and are
important in the regulation of gene expression and also
are involved in cell cycle progression and differentiation
[10]. Alterations of HDACs was identified in tumor cells
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and contributed to the massive perturbations of gene ex-
pression in numerous tumors. HDAC inhibition leads to
differentiation, cell cycle arrest and apoptosis in tumor
cells [11]. The authors stated that HDAC inhibitors
(HDACIs) can restore the expression of the tumor sup-
pressor and/or cell cycle regulatory genes in cancer cells
and block the cellular proliferation of these cells. They
elucidated that Suberoylanilide hydroxamic acid (SAHA)
induced either G1 or G2-M arrest as well as apoptosis.
They also concluded that HDACIs also down regulate
cyclin D1 and D2, and upregulate p53, and p21 [11]. A
remarkable increase in the level of acetylated histone
associated with the p21 promoter after HDACIs treat-
ment was demonstrated in nude mice and HDACISs sig-
nificantly inhibited growth in lymphoma cells without
major toxic side effects [12], Consequently, efficiently
prevent tumor growth both in vitro [13] and in vivo in a
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variety of preclinical models [11]. Radiotherapy in com-
bination with surgery and chemotherapy has improved
treatment for patients with localized and locally ad-
vanced cancers. In addition, radiotherapy can be com-
bined with certain chemotherapeutic agents to increase
the radiation sensitivity of cancers and to eliminate oc-
cult tumor cells located beyond the effective radiation
field. Combined-modality therapy has produced moder-
ate improvements in the therapeutic outcome for several
cancers [14]. Many investigators revealed the radiosensi-
tizing abilities of various HDACIs both in vitro and in
vivo [15-19].

2. Materials and Methods

2.1. Ehrlich Ascites Carcinoma Cell (Mouse
Tumour)

A line of Ehrlich ascites carcinoma (EAC) has been used
throughout this work. The parent line was supplied
through the courtesy of Dr. G. klien, Amsterdam, Hol-
land. EAC cells is originated from breast cancer which
modified to grow in female Swiss albino mice and main-
tained by intraperitoneal inoculation of carcinoma cells
in the mice [20].

2.2. Human Tumour Cell Lines

Brain carcinoma cell line (U251), Lung carcinoma cell
line (H460), Liver carcinoma cell line (Hepg2) were the
three human carcinoma cell lines used in the current
study. They were obtained, frozen in liquid nitrogen
(~1800C) from the American Type Culture Collection.
The tumour cell lines were maintained by serial sub-
culturing at the National Cancer Institute, Cairo, Egypt.

2.3. Chemicals and Reagents

2.3.1. Chemicals
A novel pyrimido-quinoline compound bearing sulfona-
mide moiety with molecular formula (C31H29N503S2),
and chemical structure,4-[4-imino-8,8-dimethyl-6-oxo-
3,5-diphenyl-2-thioxo-1,3,4,5,6,7,8,9-octahydro-2H-pyri-
mido[4,5-b]quinolin-10-yl]bezenesulfonamide (PIQSA).
Synthesis and analysis identification of the present
compound was previously published [6]. RPMI1640:
(Roswell park memorial institute) medium with L-gluta-
mine (Cambrex, Belgium), Fatal bovine serum (Sigma,
Germany), penicillin and streptomycin (Euroclone, Eu-
rope), Dimethyl thiazolyl diphenyl tetrazolium bromide
(MTT) dye (American Type Culture Collection (ATCC)),
trypan blue & Dimethyl sulfoxide (DMSO) (Sigma,
USA).

2.3.2. Gamma-Irradiation Source
Gamma irradiation facility was delivered through NCRRT.
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Whole body gamma irradiation of animals was performed
using Gamma cell 40 (Caesium-137 source). Animals
were subjected to three irradiation doses of (2 Gy/dose)
at the last week of experimental period. Radiation expo-
sure delivered at a dose rate of 0.85 G/min. All experi-
mental trials have been carried out at the laboratories of
NCRRT.

2.4. Methods

The antitumor activity of the novel pyrimido-quinoline
benzene sulfonamide (P/QSA) against Ehrlich Asites
Carcinoma cells (EAC) was assessed using the trypan
blue exclusion test, [20]. The Cytotoxic effect against
human cancer cell lines [H460, U251 and Hepg2] cell
lines was performed using MTT test [21]. The MTT Cell
Proliferation assay is a colorimetric assay system which
measures the reduction of a tetrazolium Component
(MTT) into an insoluble formazan product by the mito-
chondria of viable cells. The absorbance was recorded
using Elisa reader at 570 nm.
Viable cell% = (A samples — A blank)/(A control
— A blank) x 100

3. In-Vivo Study

In the current study, the anti-tumor activity of the novel
pyrimido (4,5-b) quinoline sulfonamide compound P/QSA
against Ehrlish solid carcinoma ESC tumor in animal
models was determined. The mechanisms by which the
present compound exerted its anti-cancer effect were also
estimated. Beside, the efficacy of the present compound
as radiosensitizer induced augmentation of radiation-
induced apoptosis in ESC tumor in animal models was
also examined.

3.1. Animals

Female Swiss albino mice weighing 20 - 25 g were ob-
tained from the breeding unit at the National Centre for
Radiation Research and Technology (NCRRT). The
animals were housed (10 animals/cage) and maintained
under proper environmental conditions i.e., controlled air,
temperature and relative humidity. They were provided
with pelleted diet and free access to water. Animal care
and handling was done according to the guidelines set by
the world health organization, Geneva, Switzerland and
approved from the committee for animals care at NCRRT,
Atomic Energy Authority (AEA).

3.2. Determination of Acute Toxicity and LD50

Thirty animals were used in this experiment, divided into
six groups (five animals per group). Drug was dissolved
in DMSO/saline, and injected ip to the six groups of ex-
perimental animals (single dose each of 1.6, 1.2, 0.8, 0.6,
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0.3, 0.15 mg/kg body weight respectively). Mortality
induced due to the toxicity of the drug was noted in each
group during the experimental observation period. The
median lethal dose (LD50) determined [22].

3.3. Preparation of Tested Compound PIQSA to
in Vivo Study

PIQSA compound was freshly prepared by dissolving in
DMSO/saline solution and injected ip at a dose of 0.350
mg/kg-b.wt three times/week for three weeks.

3.4. Antitumor Experimental Design

Animals were randomly divided into groups according to
the following design: control group, this group left with-
out treatment and served as control. The other groups of
animals bearing tumor (80 animals), were injected intra-
muscular in the thigh of animals with 5 x 10° cells/mouse
then left for 10 days until the tumor volume reached to
approximatelylmm in diameter. Then, they were divided
into 4 subgroups each of 20 animals. These groups in-
cluded, animals bearing tumor left without treatment,
animals bearing tumor treated with, ip injection (0.35
mg/kg-b.wt) of PIOSA, three time per weeks for three
weeks, animals subjected to Radiation exposure, three
doses of (2 Gy/dose) delivered at the last week of ex-
perimental, animals exposed to the combined treatment
of PIOSA and radiation exposure, each radiation fraction
was administered period 20 minutes after PIQSA treat-
ment to maximize growth inhibition.

3.5. Tumor Volume Determination

Animals in each trial were checked daily and checked for
any adverse clinical symptoms and deaths were recorded.
Through out the entire period of observation, the animals
were weighed twice weakly. After 10 days post inocula-
tion with EAC, tumor volume was measured twice
weakly using callipers and determined following the
published procedure [23].

3.6. Tumor Tissue Preparation

At the end of experiment, Animals were fasted for 16 hrs
prior to sampling. As quickly as possible, after animals
were sacrificed, the tumors were dissected and a portion
of it was used to prepared homogenates in ice-cold phos-
phate buffer (0.1 M, pH 7.4) using a potter-Elvehjem ho-
mogenizer to give a 10% concentration for the determi-
nation of DNA fragmentation, and 50% homogenates used
for estimation of Histone deacetylase enzyme (HDAC).
Portion of tumor was kept in 10% formalin for histo-
chemical examination of apoptosis.

3.7. Histone Deacetylase (HDAC) Activity Assay

HDAC extraction was carried out according to the method
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previously described [24]. HDAC activity was evaluated
using colorimetric Histone deacetylase (HDAC) activity
assay Kit of Biovision, the Catalogue (k331-100) [25].
Briefly, 10 pug of nuclear extract was incubated with
HDAC assay buffer and HDAC assay substrate buffer at
370c for 1 hour. A total 40 pg of quenching solution was
added to stop the activator solution at room temperature
for 15 min. Activity was measured using ELISA micro
plate reader at 405 nm.

3.8. DNA Fragmentation Assay

A characteristic event of apoptosis is DNA fragmentation
and release of nucleosome into the cytoplasm. These can
be detected by an ELISA assay [26]. The absorbance was
determined using ELISA microplate reader at 600 ml.
The percentage of fragmented DNA can be calculated
using the formula:

% of DNA fragmented = OD supernatant/(OD pellet
+ OD supernatant).

3.9. Histochemical Detection of Apoptosis

Apoptosis was quantitated by visualizing distinctive nu-
clear and cytoplasmic fluorescence, chromatin condensa-
tion and formation of multiple apoptotic bodies following
staining of cells with acridine orange and ethidium bro-
mide depending on Fluorescence Imaging [27].

3.10. Flow Cytometric Cell Cycle Analysis

Cell cycle analysis was carried out according the method
previously described [28]. Cells were trypsinized, washed
with PBS, and fixed in 75% ethanol at 4°C for 30 min.
Prior analyses, suspended in cold propidium iodide (PI)
solution, and incubated at room temperature in the dark
for 30 min. Flow cytometry analyses were performed
using a MoFlo flow cytometer (MoFlo, Dako Cytoma-
tion).

4. Statistical Analysis

The results were expressed as the mean value + standard
deviation (SD).Statistical analysis was performed using
analysis of variance (ANOVA) for testing the signifi-
cance between treated groups [29].

5. Results

5.1. Cytotoxic Effect of PIQSA on ESC Cancer
Cells and Different Human Cell Lines

The tested compound PIQSA exhibited very cytotoxic
effect on the cell viability in a dose dependant manner,
the results also, pointed to that its IC50 is 0.065 mM/ml
(Table 1).The Cytotoxic effect of PIQSA on different
human cancer cell lines illustrated in (Table 2), showed a
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Cytotoxic effect on lung cancer cells (H460), brain can-
cer cells (U250), and also on liver carcinoma cells
(HepG2) with IC50 = 50 pM/ml, 55 pM/ml, and 50
uM/ml respectively.

5.2. The in Vivo Cytotoxic Effect of PIQSA

The in vivo acute cytotoxic effect of the PIQSA com-
pound was performed and the LD50 found to be 0.670
mg/kg body weight.

Treatment with PIQSA at dose of 0.350 mg/kg re-
sulted in significant delay in tumor growth with (p <0.01)
for tumor weight and (p < 0.05) for tumor size. Three
doses of y-IR (2Gy/dose) induced highly significant de-
lay in tumor growth with (p < 0.001) for tumor weight
and tumor volume. The results also revealed significantly

Table 1. Effect of different concentrations of PIQSA on the
viability of EAC cells in vitro by trypan blue exclusion test
indicating the effect of different doses in pM/ml and the
percentage of nonviable.

Concentration of PIQSA )
% of Non Viable cells

ug/ml pM/ml
0.125 0.214 99.0
0.100 0.175 97.0
0.075 0.129 81.5
0.050 0.096 39.5
0.025 0.043 10.0
0.013 0.022 00.0

Table 2. Cytotoxic effect of different concentrations of
PIQSA on the viability of three human cancers Cell lines in
vitro using MTT cell proliferation assay.

PIOSA

WM/ml HA460 U251 Hepg2

0.0001 0.121 £0.002° 0.213£0.015° 0.275+0.007"
: 100.0™ 100" 100.0™

0.1 0.123 £0.005" 0.203+0.011°  0.254 +0.007"
: 101.4™ 95.25" 92.3"

25 0.113+0.006" 0.204+0.018" 0.258 +0.003"
: 93.4™ 95.72 93.7"

5 0.107 £0.0023" 0.189+0.020° 0.241 + 0.003"
88.5" 88.62" 87.4™

10 0.099 +0.0012" 0.179+0.027° 0.248 + 0.016"
81.9” 84.24" 90.1"

25 0.095 +0.003"  0.159+0.017" 0.232+0.011"
78.0" 74.63" 84.3"

50 0.062 £0.0015" 0.118 £0.014" 0.195+0.010"
511" 55.32" 70.8"

100 0.021 £0.001°  0.072 +0.009"  0.139 + 0.005"
51.1" 33.61° 50.5"

250 0.021 +£0.001"  0.068 +0.007" 0.123 + 0.002"
17.0” 31.89° 44.6™

"Mean of OD (3 repetitions) = SD, "% of viable cells.
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smaller tumor size in animal group received combination
treatment (p < 0.01) with —22.73% decrease from the
control. The tumor weight also recorded highly signifi-
cant decrease (p < 0.001) by —62.26% from the control,
—38.52% decrease from PIQSA treatment alone and
—33.07% decrease from irradiation treatment alone, indi-
cating a significant effect of PIQSA in combined treat-
ment on the tumor growth compared with each other
treatment modality alone as shown in (Table 3).

5.3. Effects of Different Treatments on Histone
Deacetylase Activity and DNA
Fragmentation

Treatment with PIQSA alone caused inhibition of HDAC
activity (p < 0.01), also very high significant increase in
DNA fragmentation was noticed (p < 0.001) by 77.46%
increase from the control. Radiation treatment alone in-
creased the % of DNA fragmentation by 377% (p <
0.001) where there was no significant change in HDAC
activity from the control. Combination of PIQSA and
radiation induced very high significant change in both
HDAC activity and DNA fragmentation as compared to
the control and also compared with each other treatment
modality alone (p < 0.001) indicating a significant effect
of the combined treatment on the enzyme activity and
DNA fragmentation compared with each other treatment
alone (Table 4).

5.4. Effects of Different Treatments on Induction
of Cell Death

5.4.1. Biochemical Analysis

Table 5 showed the biochemical analysis of ESC cell
death after different treatments. There was high signifi-
cant increase in necrotic cell death (p < 0.001) and apop-
totic cell death (p < 0.01). Treatment with radiation alone
induced very high significant increase in both necrotic
and apoptotic cell death (p < 0.001). Combined PIQSA
and radiation increased the % of apoptotic cell death as
compared to the control and each modality treatment
alone indicating that pre-treatment with PIQSA synthe-
size ESC cells to radiation dose to commit apoptosis than
to necrosis.

5.4.2.Histochemical Analysis of ESC Cell Death

Figure 1, showing sections of ESC tumors in control
group, in PIQSA treated group and in radiation treated
group. (a,b) indicating viable cells with bright green nu-
clei in peripheral and core region of tumor sections from
the vehicle control group. (c,d) revealed aggregation of
apoptotic cells with orange nuclei in the peripheral a
number of apoptotic vacuoles scattered in the inner re-
gion after PIQSA treatment alone. (e,f) tumor sections
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Table 3. Effect of different treatments on body weight gain, tumor weight and tumor volume in treated mice.

N Initial Body weight (gm) Final Body weight (gm) Body weight gain (gm)  Tumor Weight (gm) Tumor volume (gm)
roups
Mean £ SD and the % of change
Control 23.69+0.83 28.18+0.12 453+022 e
ESC 23.30 + 0.40 32.01+0.15 4'15;;);33 4.61+0.93 132429
4.83+0.14° 2.83+0.74" 1.13+£3.49°
ESC + PIOSA 23.70 + 0.46 31.27+0.79 639" 3861" 1o
. 2.64+0.51° 2.6+0.97" 1.07 +£1.58°
ESC + Irradiation 23.74+0.29 32.22+0.39 3639 6" 18.94"
3.01 +0.28°1<4 1.74 + 0.74°222 1.02 +4.08"'¢
ESC + PIQSA 2747 —62.26 —22.73"
+ Irradiation 23.63£041 31.6+0.25 —37.68" —-38.52" -9.73"
14.02"™" -33.07"" -4.67™

Mean of 8 animals/group.* Percent change with respect ESC group. ™ Percent change with respect to y-IR group. a: significance vs. control at P < 0.05. b: sig-
nificance vs ESC group at P < 0.05, bl at P <0.01 and b2 at P < 0.001 c: significance vs. ESC + PIQSA at P < 0.05, c1 at P <0.01 and c2 at P <0.001. d sig-
nificance vs. ESC + Irradiation at p < 0.05, d1 at (p <0.01) and d2 at (p <0.001). # Body weight gain = Final body weight — tumor weight.

Table 4. The effect of different treatments of mice on his-
tone deacetylase activity and DNA fragmentation.

Table 5. Biochemical analysis of apoptotic cell death after
different treatments.

HDAC activity % of DNA
Groups (um HDAC/mg tissue) fragmentation
Mean £ SD and % of change
ESC 133.9+ 1.7 8.52+0.61
112.1 + 4.9 15.12 +1.03
ESC+PIQSA ~16.28° +77.46"
- 131.96 £ 0.853" 40.64 + 1.3%
ESC + Irradiation 144 377"
105.9 + 5.281:2 61.76 + 1.92202<
ESC + PIQSA —-20.91 624.9"
+ Irradiation -5.53" 308™
-19.71"™" 51.96™"

Mean of 5 animals/group. ‘Percent change with respect to ESC group. =
Percent change with respect to ESC + PIQSA. ~* Percent change with re-
spect to ESC + y-IR. a significance vs. ESC group at P < 0.05, (al) at P <
0.01 and (a2) at P < 0.001. b significance vs. ESC + PIQSA group at P <
0.05, (b1) at P <0.01 and ( b2) at P <0.001. c significance vs. ESC + radia-
tion group at P <0.05, (c1) at P <0.01 and (c2) at P <0.001.

showed the effect of radiation alone indicating increase
of apoptotic cells in both peripheral and core region with
the presence of apoptotic strips and colonies in the outer
and inner regions of the tumor sections. (g,h) tumor sec-
tions of animals after combined of PIQSA and radiation,
there are greater increase in apoptotic cells as compared
to control and also as compared to PIQSA alone and ra-
diation alone.

5.5. Effect of Different Treatment on
Distribution of Cell Cycle Phases

A significant change in distribution of cells in different
phases of cell cycle where G1/GO phase (P < 0.01) and S
phase, and (p < 0.001) in G2/M phase in control group
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Healthy cells  Necrotic cells ~ Apoptotic cells
Groups
Mean £ SD and the % of change
ESC 65+0.71 8+2.73 27+14.8
52+2.12" 13+4.12 32+4.3%
ESC + PIQSA o0 625" 185"
. 26+ 1.58% 19+ 8.3 56 + 11.42
ESC + Irradiation 60" 1375 107.41"
16 + 0.84*"! 10+£3.1*" 80+ 6.12°2%1
ESC + PIQSA -75 25" 196.30°
+ Irradiation —20" -23.07" 150
-38.46™" 4737 42.86™

Mean of 5 animals/group = SD * Percentage change with respect to ESC
group. ~"Percentage change with respect to ESC + y-IR group. a significance
vs. corresponding values in ESC group at P < 0.05, (al) at P <0.01 and (a2)
at P < 0.001. b: significance vs. corresponding values in ESC + irradiation
group, P <0.05, (bl) at P <0.01 and ( b2 ) at P <0.001.

compared with normal animals. PIQSA treatment re-
sulted in redistribution of cells in the different phases
where a significant change was recorded in G1/G0 phase
and G2/M phase (p < 0.05), also, S phase (p < 0.01) with
percent changes amounted by 23.52%; —31.9%; and
15.69% respectively, compared to control. Treatment
with radiation alone resulted in increase of cells arrested
in G2/M (p < 0.001) amounted by 90.77% associated
with a proportional decrease of cells at the S-phase
(=73.26%) and also at G1/GO phase (—5.55%). Combined
treatment increase in cell population at G1/GO phase (p <
0.001) accompanied with highly significant decrease in S
phase and G2/M phase (p < 0.001) as compared to either
the control vehicle or animal received PIQSA alone and
radiation alone Table 6.
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Figure 1. Analyses of tumor sections from mice bearing ESC tumor and treated with vehicle control PIQSA alone, radiation
alone, or combined PIQSA and radiation. (a,b) showing tumor sections in control animals. (Acridine orange & Ethidium bro-
mide x100). (c,d) tumor sections after PIQSA treatment alone. (Acridine orange & Ethidium bromide x100). (e,f) TUMOR
sections after radiation treatment alone. (Acridine orange & Ethidium bromide x 100). (g,h) tumor sections after combined
PIQSA and radiation. (Acridine orange &Ethidium bromide x 100).

6. Discussion

Our results confirmed that the pyrimido(4,5-b)quinoline
sulfonamide (PIQSA compound) has a broad spectrum of
antitumor activity in vitro against EAC cell lines and the
three human cell lines,(H460), (U251) and (HepG2) used
in the present work and agreed with other published
HDAC inhibitors, including trichostatin A [30], LAQ-
824 [31], MS-275 [32], PXD101 [33], cyclic hydroxamic
acid containing peptide 31 [34], Valproate [35]. The
growth inhibition in human cell lines was recorded with
accompanied by accumulation in both acetylated histones
and acetylated tubulin [36] and tumor suppressor protein

Copyright © 2011 SciRes.

p21Cipl/WAF1, and generation of cleaved PARP frag-
ment and phosphorylated H2AX (H2AX), two known
markers of apoptosis [36]. Previously [37] it was sug-
gested that, p21 could be involved in the inhibition of
proliferation and induction of differentiation in human
cancer cell lines induced by treatment with HDACTISs.
Others [38] reported that, HDAC inhibitors exert their
antitumor activity via induction of cell cycle arrest in G1
or G2-M, followed by differentiation or apoptosis of
various tumor cell types with little or no toxicity against
normal cells. In vivo studies, the results revealed that
(PIQSA) exhibited antitumor activity against ESC tumor
in mice, presented by the decrease in tumor weight and
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Table 6. Effect of different treatments on distribution of cell cycle Phases in mice bearing tumors.

% Of Cell Cycle Phases

Treatments

G1/G0 (%) S (%) G2/M (%) G2/G1 (%)
Mean =+ SD and the % of change
Control 63.44+3.5 19.49 + 1.8 16.1+0.1 0.97 +0.12
ESC 282715 38.15+1.02 32.5£5.7 1.08 £ 0.043
—55.44" 95.74" 101.86" 11.34"
34.92 £ 1.4 25.98 +2.3%!¢! 37.6 £2.1%¢ 1.5+£0.16™
ESC+ PIQSA 23.52" -31.90" 15.69" 38.89"
. 26.7 £2.5" 102 +2.1" 37.6 +£10.1% 1.1£0.02
ESC + Irradiation 5557 7326 90.77" 1.85™
86.3 + 2.6°> 2.2+0.81% 10.2 + 0142 1.3+£0.07°
ESC + PIQSA+ Irradation 205.27" —94.23" —68.62" 20.37"
223.22™ —78.43™ —82.55™ 18.18"™

Mean of 5 animals/group + SD " Percentage change with respect to control group. = Percentage change with respect to ESC group. ™™ Percentage change with
respect to ESC + y-IR group. a: significance vs control, b: significance vs ESC group at p < 0.05, (bl) at P < 0.01 and (b2) at P < 0.001, c: significance vs.

corresponding values in ESC + irradiation group P < 0.05, (bl) at P <0.01 and b2 at P <0.001.

tumor volume (Table 3). The reduction in body weight
gain and the decrease in tumor volume are the criteria for
judging on the volume of any antitumor activity drugs
[39]. Our results appear to be in consistent with others
[20,36],whose concluded that, HDACIs may interfere
with cancer cell proliferation and/or survival through the
modulation of cell-cycle traverse, induction of differen-
tiation, or by promoting cell death (i.e., apoptosis) [39].
Acetylation and deacetylation of histones play an impor-
tant role in the regulation of gene transcription and in the
modulation of chromatin structure [40]. The equilibrium
of steady-state acetylation is tightly controlled by the
antagonistic effects of histone acetyltransferases (HATSs)
and HDACs. Aberrant gene expression resulting in func-
tional inactivation of HAT activity or overexpression of
HDACSs can mediate tumor cell proliferation [41] and
deregulation of HDAC recruitment to promoters contrib-
utes to tumorigenesis [42].

Our results revealed that PIQSA resulted in inhibition
of HDAC activity.

The inhibition of HDAC enzymes by HDACIs shifts
the balance between the deacetylation activity of HDAC
enzymes and the acetylation activity of histone acetyl-
transferases, resulting in hyperacetylation of core histone
[43]. HDAC inhibitors have been shown to affect the
growth and survival of tumor cells in vitro and in vivo
[44]. These compounds have polar end which binds zinc
ion of HDAC catalytic pocket structure, other part pro-
duce effect through block passage of active site. Mecha-
nism of action of some of these compounds was interac-
tion with catalytic site of HDAC, which blocks substrate
approach active zinc ion of enzymes [45]. Other HDAC
inhibitors bind to HDAC active site powerfully and the
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effect of inhibit HDAC is stronger [43].

DNA fragmentation is a hallmark of apoptosis [46]. It
was recognized that apoptotic DNA fragmentation is
carried out by a heterodimeric protein complex called
DNA fragmentation factor (DFF) [47] or caspase acti-
vated DNase (CAD) [48]. When apoptosis is initiated,
the activated caspase cleaves DFF45/ICAD, and DFF40/
CAD is released into the nucleus to carry out DNA frag-
mentation. The genes encoding the nuclease that are re-
sponsible for the fragmentation of DNA during apoptosis,
are aberrantly expressed in many tumor types [49] .In
addition, the abnormalities in this gene are associated
with poor prognosis in cancer patients. Most significantly,
tumor-specific DFF45 gene mutations or deletions were
identified in human germ cell tumor and neuroblastoma
tumors from patients [50] indicating the involvement of
this gene in tumor development. Our results revealed
PIQSA alone as well as IR alone (Table 4) resulted in
very highly significant DNA fragmentation. The produc-
tion of DNA damage is the basis of cancer treatments
such as chemo- and radiotherapy [51]. Such treatments
induce mitotic catastrophe, a form of cell death resulting
from abnormal mitosis and leading to the formation of
interphase cells with multiple micronuclei. The sequen-
tial generation of large chromatin fragments followed by
internucleosomal fragmentation due to the effect of y-IR
or chemical agents is a biochemical hallmark of apop-
tosis [52]. This genomic DNA fragmentation is corre-
lated with chromatin condensation and nuclear break-
down. It was concluded that treatment of human tumor
cell lines with HDACIs suppress cell growth with de-
creasing DNA synthesis and stimulate apoptosis and that
was associated with mechanisms responsible for these
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effects including increased histone acetylation as well as
enhanced expression of p21 and gelsolin [53]. Others [54]
demonstrated that ionizing radiation can induce numer-
ous effects in cells including DNA degradation. Which
was attributed to chromatin dysfunction such as single-
and double-strand DNA fragmentation due to oxidative
stress that leading to cell death through apoptosis or ne-
crosis [55]. The results in the present study revealed that
treatment with PIQSA caused significant induction of
apoptosis. The results being in consistent with previous
investigators [56-59]. Inhibition of HDACs will activate
these silenced genes, contributing to growth arrest, dif-
ferentiation, and/or apoptosis of transformed cells.
Treatment with HDAC inhibitors triggers both the intrin-
sic and sensitizes tumor cells to the death ligands that
initiate the extrinsic pathway of apoptosis [56]. Several
HDAC inhibitors induce mitochondrial permeability
transition, in which pro-apoptotic molecules, such as
cytochrome c, are released into the cytosol, resulting in
eventual activation of caspase-dependent apoptotic cas-
cades [57,58]. Reactive oxygen species have recently
been identified as a major cell death mechanism of sev-
eral HDAC inhibitors [59]. Others mentioned that, his-
tone deacetylase inhibitors cause accumulation of reac-
tive oxygen species (ROS), activation of a family of cys-
teine proteases known as caspases and cell death of
transformed but not normal cells. In addition, another
intracellular system exist which plays an important role
in response to stress stimuli and cause an increase in
ROS is the thioredoxin (Trx) reduction-oxidation system.
Trx protein can function as a hydrogen donor for many
protein targets and an active scavenger of ROS [60].
Results in Table 6 indicated that PIQSA caused sig-
nificant increase of cells arrested in G1/GO phase of the
cell cycle. This result is in Harmony with previous inves-
tigators [61,62]. HDACIs-mediated growth inhibition is
associated with a marked decrease in cyclin Bl mRNA
levels. The decrease in cyclin B1 occurred, is completely
blocked by concomitant treatment with protein synthesis
inhibitors, and appears to be dependent on changes in
transcription. The mechanism of cyclin B1 repression by
a HDACI requires prolonged histone hyperacetylation
and is at least partly dependent on p2lexpression [61].
Also, HDACIs blocked two colon cancer cell lines
mainly in the G1 phase. In these two human colon cancer
cell lines, HDAC inhibitors increased the p21 (WAFI)
gene expression by selectively increasing the degree of
acetylation of the gene-associated histones, and induced
a G1 cell cycle arrest [62]. The results also indicated that
y-IR caused cell accumulation at G2/G1 phase. The re-
sults are in agreement with others [63]. They observed a
constant accumulation of cells in G2/M phase with the
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increased level of apoptosis. They concluded that the
block of cells in G2/M phase suggests accumulation of
sublethal damages and hence increased radiosensitivity
manifested by higher level of apoptosis and debris. Our
results also, showed that in combined treatment; pre-
treatment with PIQSA enhanced the ESC tumor due to
the exposure dose of IR. As the combined treatment of
mice augment the inhibition of HDAC enzyme, increased
DNA fragmentation, and also increased cell arrest at
G1/GO phase, consequently induced apoptotic cell death.
The results in the current work agreed with previous in-
vestigators who reported that HDAC have been shown
synergistic effects with cytotoxic cancer therapy [64].
This synergy is related to the inhibition of DNA repair
[18] and synthesis [19]. Others stated that different
HDAC classes may have differential effects for radio-
sensitization, which in some cell lines may be influenced
by p53 expression [65]. They suggested that the presence
of p53 protein may further augment the radiosensitization
of cancer cells by HDACIs. HDACs have previously
been linked to the regulation of p53, a key molecule in
cellular response to DNA damage [66,67]. They also
reported that HDAIs suppressed the growth of Wild Type
(WT) p53—containing cells more efficiently by increasing
G2-M arrest whereas cells without WT p53 accumulated
mainly in G1 phase of the cell cycle. Apoptosis was also
considerably reduced in the absence of p53 [68] clarify-
ing the precise mechanisms by which p53 potentiate ra-
diosensitization by HDIs inhibiting class I and II HDACs.
The enhanced response to radiation was accompanied by
inhibition of cellular proliferation and by increased phos-
phorylation of H2AX; implicating DNA double-strand
breaks in the antineoplastic effects of the combined
treatment modality and suggesting a decrease in the re-
pair of radiation-induced DNA double-strand breaks
(DSBs) [15].The formation of y-H2AX is necessary for
the recruitment of many factors involved in DNA repair,
which regulate cell cycle checkpoints [69]. DNA DSBs
induced by IR activate checkpoint pathways that inhibit
progression of cells through G1 and G2 phases and delay
the progression through S phase [69]. Previous reports
have shown the ability of HDAC inhibitors to prolong
the duration of y-H2AX in irradiated cancer cell lines [18,
66]. These reports attribute the radiosensitization ability
of HDAC inhibitors to the inhibition of DNA repair.
Many reports have shown that altered gene expression
leads to radiosensitization [70-73].

7. Conclusions

Depending on the findings obtained in the present work,
the novel quinoline sulfonamide compound (PIQSA)
showed in vitro antitumor efficacy, as it inhibited the
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viability of EAC cell and other three human cancer cells
(lung, brain and liver). Also, it seems that PIQSA com-
pound induced in vivo antitumor and radiosensitizing
activity against ESC tumor transplanted in the experi-
mental animals. It is possible to conclude that PIQSA
exerted it’s in vivo antitumor and its radiosensitizing ac-
tivity through different mechanisms including inhibition
of histone Deacetylase activity, increasing DNA frag-
mentation, arresting cell cycle particularly at G1/G2
phase which led to apoptosis of cancer cells.
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