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Abstract

Aim This study was performed to investigate the
range of optimal concentration and mechanisms of
paclitaxel (PXL) radio-enhancement in gastrointesti-
nal cancer cell lines HT29 and MKN45.

Methods Cell growth inhibition by PXL pretreat-
ment at various concentrations (0-10 uM) followed
by irradiation was investigated using a modified MTT
assay. To investigate the mechanisms of the observed
radio-enhancement, flow cytometry was conducted to
define the cell cycle distributions. Furthermore, the
alterations in expression of a DNA repair molecule
[excision repair cross-complementation groupl
(ERCC1)] and an angiogenesis factor [vascular endo-
thelial growth factor (VEGF)] induced by PXL were
investigated.

Results  Cytotoxic concentrations of PXL (0.1-10 puM)
that cause accumulation of cells in the G2/M phase
have strong radio-enhancing effects and inhibit total
cell growth. The maximal non-cytotoxic concentra-
tion of PXL (0.01 uM) also had a radio-enhancing
effect. The expression of the genes of ERCCI1 and
VEGTF induced by radiation was suppressed by PXL
pretreatment. The protein secretion of VEGF
induced by radiation was suppressed at cytotoxic
doses of PXL, and the induced protein secretion of
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ERCC1 was also suppressed even at maximal non-
cytotoxic doses of PXL.

Conclusion The range of optimal concentration for
PXL pretreatment was 0.01-0.1 uM in these cells. Two
major mechanisms of radio-enhancement are sug-
gested: (1) PXL induces G2/M arrest leading to
increased DNA damage after radiation, which results
in mitotic death, and (2) PXL suppresses the expres-
sion of radiation-induced DNA repair molecules and
angiogenesis factors, resulting in inhibition of cell
growth and cell death.

Keywords ERCCI1 - G2/M arrest - Paclitaxel -
Radio-enhancement - VEGF

Introduction

The combination of conventional chemotherapy with
radiation is now used for definitive adjuvant therapy
in the majority of cancer patients. Randomized trials
have shown that combination treatment improves
survival compared with radiation alone in the treat-
ment of locally advanced cancers of the head and
neck, lung, esophagus, stomach, pancreas and rectum.
Despite these resounding clinical successes, the mech-
anisms by which conventional chemotherapeutic
agents produce radio-sensitization remain largely
unknown.

Paclitaxel (PXL) is one of the most promising
anticancer drugs developed in the last two decades
[1]. It has been shown that PXL blocks the progres-
sion of cells at the G2/M boundary of the cell cycle
by inhibiting the dynamic reorganization of the
microtubule network required for spindle formation
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during cell mitosis [2, 3]. The radio-sensitizing effects
of PXL have been investigated extensively on the
rationale that G2/M is the most radio-sensitive phase
of the cell cycle [4, 5]. In most of these combination
studies, a significant radiation-potentiating effect of
PXL was found only after a dose that produced both
a block in G2/M phase and a high level of cell death
in the clinical setting. This could result in damage to
normal tissue.

However, the increased cell radio-sensitivity with
exposure to PXL is evident at very low drug concen-
trations, below those required for the cytotoxic
effects or G2/M arrest. Furthermore, G2/M arrest
does not result in PXL radio-sensitization in all cell
types and sensitivity persists well after the relatively
brief period of G2/M synchronization, suggesting
that other cellular factors may be involved in this
process [6]. Recent studies [7, 8] have investigated
new combination schedules with radiation and low,
sub-therapeutic PXL doses that did not result in cell
cycle perturbation. These studies aimed to obtain
information on: (a) the best synergistic effect as a
result of the optimal combination of cell line charac-
teristics, growth phase, drug concentration and
scheduling; and (b) the cellular mechanism of action
of PXL-mediated radio-sensitization, in terms of
cytokinetic alterations, interference with post-irradi-
ation DNA repair, apoptosis and reoxygenation [9,
10].

The present study aimed to establish the range of
optimal concentration of PXL in relation to two main
issues [(1) cell growth inhibition with PXL pretreat-
ment followed by radiation, and (2) the radio-enhanc-
ing effects of PXL pretreatment], using clinically
relevant doses of PXL, with an aim to clarify the mech-
anisms of radio-enhancement induced by PXL pre-
treatment at various doses in gastrointestinal cancer
cell lines.

Materials and methods
Cell culture

Human adenocarcinoma cell lines HT29 and MKN45
were obtained from the Cell Resource Center for Bio-
medical Research, Institute of Development, Aging
and Cancer, Tohoku University. These cell lines were
grown in RPMI1640 (Sigma-Aldrich, St Louis, MO,
USA), supplemented with fetal bovine serum [FBS;
10% (v/v); Gibco BRL, Tokyo, Japan], glutamine
(2 mM), penicillin (1,000 U/ml) streptomycin (100 pg/
ml) at 37°C in a 5% CO, incubator.
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Anticancer agents

PXL was obtained from Sigma-Aldrich, reconstituted
in distilled water at appropriate concentrations, and
stored at —20°C until use.

Experimental concept

We used clinical concentrations of PXL as much as
possible. PXL doses were chosen based on plasma con-
centrations obtained during clinical use, cited in the drug
information for TAXOL INJECTION (Bristol Myers
Squibb, Tokyo, Japan). This information indicated that
the plasma concentration of PXL reaches 1-10 pg/ml
(1-10 uM) after injection and 0.05-0.1 pg/ml (0.05-
0.1 uM) at 24 h after drip infusion of 105-270 mg/m>.
Irradiation was carried out at fixed doses of 0 and
2.5 Gy. All irradiation treatments were performed on a
CLINAC 2100C X-ray system (Varian Oncology Ser-
vices, USA) at 4 MV using 40 mm solid water phantom
with a dose rate of 217 cGy/min.

Drug concentration, irradiation and drug
administration schedules

As mentioned above, we adopted clinically relevant con-
centrations of PXL in this study. Although we should
ideally consider the doubling time of each cell line
before deciding the drug exposure time, we chose to use
an exposure time of 24 h for experimental simplicity.
The final concentration ranged from 0.001 to 10 uM.

To test the cytotoxicity of PXL, each cell line was
treated in the exponential growth phase for 24 h with
various concentrations of PXL. After discarding the
media containing the drug and replacing it with fresh
media, the cytotoxicity was evaluated using a modified
MTT assay ([2-(2-methoxy-4-nitrophenyl)-3-(4-nitro-
phenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, mono-
sodium salt] (WST-8) colorimetric assay).

For irradiation experiments, cells of each cell line were
first treated with clinical concentrations of PXL for 24 h,
except for the no-PXL controls. After removing the drug
and ?lling the wells with fresh medium, irradiation was
carried out at 2.5 Gy. Irradiated cells were incubated for
0, 24 or 48 h, and the cell growth inhibition was evaluated
using a modified MTT assay. The drug-exposure and
irradiation schedules are summarized in Table 1.

Modified MTT assay
The cytotoxicity was evaluated using a WST-8 colori-

metric assay. WST-8 is a modification of the MTT
assay, which was applied to estimation of cellular via-
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Table 1 (a) Schematic representation of drug exposure schedule. (b) Schematic representation of drug followed by radiation exposure

schedule

seeding Oh 24 h 48 h
Table 1a.

Radiation(2.5Gy)
seeding i Drug free
-48 h -24 h 0h 24 h 48 h
Table 1b.

bility using a commercially available kit (cell counting
kit, Dojindo Laboratories, Japan).

Cell cycle analysis by flow cytometry

Each cell line was treated with various concentrations
of PXL for 24 h. The cell cycle distribution was deter-
mined by flow cytometric analysis as described previ-
ously [34].

RNA extraction and semiquantitive RT-PCR analysis

RNA was isolated from each cell line using an RNe-
asy™ Mini Kit (QIAGEN). Oligo(dT)-primed cDNA
was prepared from this RNA (2 pg) by reverse tran-
scription using an Omniscript RT kit (QIAGEN). RT-
PCR was performed using the specific primers
described in Table 2. Optimal cycling parameters, in
the linear range of amplification, consisted of 30s
denaturation at 94°C, 30 s annealing at 60°C, and 1 min
elongation at 72°C, and 23-28 cycles were performed
for the selected gene. A control PCR was also per-
formed for B-actin, which served as a standard for sam-
ple normalization for 25 cycles. Amplified products
were separated electrophoretically, visualized, and

Table 2 Primer sets for reverse transcription-PCR

VEGF Sense 5'-CTTGCCTTGCTGCTCTACCT-3’
Antisense  5'-ATGATTCTGCCCTCCTCCTT-3’

ERCC1 Sense 5'-ACAGAGCCTCGCCTTTGC-3'
Antisense  5'-GCGGCGATATCATCATCC-3’

B-actine  Sense 5'-ACAGAGCCTCGCCTTTGC-3’
Antisense 5'-GCGGCGATATCATCATCC-3’

photographed under UV light after ethidium bromide
staining.

Protein extraction and western blot analysis

HT29 and MKN45 cells were homogenized in lysis
buffer (Tris-buffered saline, pH 7.5, containing 1% Tri-
ton X-100) for Smin on ice. After spinning at
15,000 rpm for 15 min at 4°C, supernatants were col-
lected and frozen at —20°C until use. The protein con-
centration was measured by the BCA protein assay
(Pierce, Rockford, IL, USA). Lysates containing 10 pg
total protein were mixed with an equal volume of
2 x Lammeli’s loading buffer, containing 2ME, and
heated at 100°C for 5 min. Samples were electropho-
retically separated on 12.5% gradient polyacrylamide
gels containing 0.1% SDS at 25 mA for 2 h, followed
by semi-dry transfer to an Immun-Blot PVDF mem-
brane (Bio-Rad, Hercules, CA, USA) at 12 V for 2 h.
The membranes were blocked for 1 h at room temper-
ature using 5% skimmed milk in Tris-buffered saline,
pH 7.5, supplemented with 0.1% Tween 20 (TBS-T).
The blots were then incubated with mouse monoclonal
anti- excision repair cross-complementation groupl
(ERCC1) (Santa Cruz Biotechnology) antibody at a
1:100 dilution, and mouse monoclonal anti-actin (clone
C4) antibody (ICN Biomedicals, Aurora, OH, USA) at
a 1:3,000 dilution in 5% skimmed milk in TBS-T over-
night at 4°C. After being washed three times in TBS-T,
the blots were incubated with alkaline phosphatase-con-
jugated goat anti-mouse IgG (Promega, Madison, WI,
USA) at a 1:1,000 dilution in 5% skimmed milk in TBS-
T for 1 h at room temperature. Following treatment with
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an enhanced chemiluminescence detection solution,
the blots were exposed to X-ray film for autoradio-
graphic visualization of the bands.

Conditioned medium (CM) harvesting

CM was harvested from supernatant which was
treated according to the protocol and stored at —20°C
until use.

ELISA

The concentration of vascular endothelial growth fac-
tor (VEGF) in the CM was measured using a commer-
cially available ELISA kit (Immunoassay Kit Human
VEGF; Biosource International, Camarillo, CA, USA)
according to the manufacturer’s protocol.

Statistical analysis

The results are expressed as the means = SD. The
Mann—-Whitney U test was used for comparisons
among unpaired groups. P < 0.05 was considered statis-
tically significant.

Results
Growth inhibition of HT29 and MKN45 cells by PXL

We first evaluated the dose-dependent effect of PXL
on cell viability. The cytotoxic effects of PXL were
assessed at 24 h after drug exposure, using a modified
MTT assay. PXL at a concentration of 0.1 uM (used
clinically for drip infusion) and 1-10 uM (used clini-
cally for injection) inhibited HT29 and MKN45 cell

growth in a dose-dependent manner (Fig. 1). We defi-
ned PXL concentrations of less than or equal to
0.01 pM as non-cytotoxic and more than or equal to
0.1 uM as cytotoxic. Therefore, the maximal non-cyto-
toxic dose of PXL for each cell line was 0.01 pM.

Cell growth inhibition by PXL pretreatment
and radiation

HT29 and MKN4S5 cells were treated with PXL (0.001-
10 uM) for 24 h. After removing the drug from the
wells and filling the wells with fresh medium, cells were
irradiated at a dose of 0 or 2.5 Gy. Growth inhibition
was measured by a modified MTT assay. The results
are shown in Fig. 2a, b. PXL pretreatment followed by
radiation-inhibited growth in both cell lines in a time-
and dose-dependent manner. This effect was shown to
be greater at cytotoxic doses than at non-cytotoxic
doses of PXL pretreatment, for both 24 and 48 h after
treatment (P < 0.05). Furthermore, PXL pretreatment
with maximal non-cytotoxic doses also significantly
inhibited cell growth (P < 0.05), but this inhibition was
lower than that with PXL pretreatment at cytotoxic
doses.

Radio-enhancing effect of PXL pretreatment

To measure the radio-enhancing effect of PXL on
HT29 and MKN45 cells, we calculated the growth
ratio of 24 h viable cells per 0 h viable cells and 48 h
viable cells per 0 h viable cells. Inhibition of growth
rate signifies a radio-enhancing effect. Fig. 3a and b
show that the growth rate in both cell lines following
radiation was significantly lower after treatment
with PXL at 0.01-1 uM than at 0-0.001 uM for 24
and 48 h (P <0.05). Furthermore, PXL 0.01-1 pM

Fig. 1 PXL cytotoxicity in

MKN45 (a) and HT29 Cell lines %cemraﬁ on Cell viability+SD (%)/control P value
(b) cells. Cells were treated
with different concentrations 0.001 uM 101.72+5.85
(0.001,0.01,0.1,1 or 10 uM) of 0.01 pM 96.045.11 } Non Cytotoxic Dose
PXL for 24 h, and cell growth HT29 ' i
was determined using a modi- 0.1uM 70.26+2.54 <0.05 *
fied MTT assay. Results are 1uM 67.76+3.40 <0.05 *{ Cytotoxic Dose
expressed as percentage cell
growth relative to untreated 10 uM 65.25£3.50 <0.05 "
control cells. The data repre-
sent the mean =+ SD of eight 0.001 pM 107.8846.26
experiments Non Cytotoxic Dose
0.01 uM 101.21+3.16
MKN45 0.1 uM 83.29+1.95 <0.05 *
1uM 72.02+4.57 <0.05 *| Cytotoxic Dose
10 uM 68.55+2.61 <0.05 *
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Fig. 2 Growth inhibition of MKN45 (a) and HT29 (b) cells with
PXL pretreatment followed by radiation. Cells were treated
with PXL (0.001, 0.01, 0.1, or 1 uM for 24 h) followed by 2.5 Gy
radiation, and cell growth at 0, 24 and 48 h after radiation was

pretreatment had a similar effect on growth rate both
24 and 48 h.

Cell cycle distribution in HT29 and MKN45 cells
following PXL treatment

Cell cycle distribution has long been known to contrib-
ute to radio-sensitivity. The S phase is the most radio-
resistant, and the G2/M phase is usually the most
radiosensitive. We investigated cell cycle distribution
in HT29 and MKN45 cells after PXL treatment for
24 h. There were no significant differences in the cell
cycle distribution of either cell line treated with non-
cytotoxic doses of PXL for 24 h, versus no treatment.
However, in MKN45 cells, there was significant accu-
mulation in the G2/M phase after 24 h exposure to
cytotoxic doses of PXL, in a dose-dependent manner

737
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determined using a modified MTT assay. Results are expressed
as percentage cell growth relative to PXL (0.001uM) followed
by irradiation. The data represent the mean + SD of eight
experiments

(Fig. 4a). In comparison, cell distribution analysis in
HT?29 cells after PXL exposure for 24 h at all cytotoxic
doses revealed 90% or more of cells in the G2/M
phase, but in a non dose-dependent manner (Fig. 4b).

The changes in VEGF secretion in CM following
PXL treatment

VEGF protein secretion in CM increased in a time-
dependent manner. However, VEGF secretion under
PXL exposure at cytotoxic doses (0.1-10 uM) was sig-
nificantly suppressed compared to that under PXL
exposure at non-cytotoxic doses, for both 24 and 48 h
(*1, *2, P <0.05, NS not significant). The inhibitory
effect on VEGF secretion of PXL treatment at 0.1 pM
was the same as for PXL treatment at 1 and 10 uM
(Fig. 5a, b).
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Fig. 3 Radio-enhancement effects in MKN45 (a) and HT29
(b) cells after PXL pretreatment. We calculated the ratios of 24 h,
48 h viable cell numbers per 0 h viable cell numbers after PXL

MKN45
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Fig. 4 Effects of PXL exposure for 24 h on the cell cycle distribu-
tion of MKN45 (a) and HT29 (b) cells. Each cell line was treated
with PXL (0.001, 0.01, 0.1, 1, or 10 uM) for 24 h. The cells were
then harvested and the cell cycle distributions were analyzed by

The effect of PXL pretreatment followed by radiation
on VEGF expression, measured by RT-PCR
and ELISA

VEGF gene expression was induced by radiation
without PXL pretreatment. However, in cells, which
were pretreated with PXL, VEGF gene expression
was significantly inhibited at 24 h after radiation, rela-
tive to radiation without PXL treatment (Fig. 5c).
VEGF protein secretion in CM was gradually
increased in a time-dependent fashion by radiation
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pretreatment (0, 0.001, 0.01, 0.1 or 1 uM for 24 h) followed by
irradiation. Inhibition of growth rate signifies a radio-enhancing
effect. The data represent the mean + SD of eight experiments

HT29

Cell cycle phase (%)

0 0.001 0.01 0.1 1 10

PXL concentration (uM)

flow cytometry. The results from three separate experiments were
averaged, and the percentages of cells in the G1, S and G2/M phas-
es are shown in a vertical stacked bar graph format. The black bars
represent G1, the white bars are S, and the gray bars are G2/M

alone. However, pretreatment with PXL at cytotoxic
doses significantly inhibited VEGF protein secretion
induced at 24 and 48 h after radiation (*1,
*2,P < 0.05) (Fig. 5d).

Effect of PXL pretreatment followed by radiation
on ERCCI1 expression, measured by RT-PCR
and western blotting

ERCC1 gene expression was induced by radiation with-
out PXL pretreatment. However, in cells pretreated with
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Fig. 5 Effects of PXL treatment or PXL pretreatment followed
by irradiation on VEGF expression. The cells were incubated in
various concentrations of PXL control, 0.01, 0.1, 1, 10 uM for
24 h (a) and 48 h (b). VEGF protein expression levels in condi-
tioning medium (CM) were evaluated at 24 and 48 h using an
ELISA system. The data indicate the mean + SD of the experi-
ments carried out in triplicate; (¢) VEGF gene expression under

PXL followed by radiation, ERCC1 gene expression
was significantly inhibited versus radiation alone
(Fig. 6a). Furthermore, PXL pretreatment at cytotoxic
doses significantly inhibited ERCC1 protein expression
induced at 0, 24 and 48 h after radiation. Interestingly,
PXL pretreatment even at maximal non-cytotoxic
doses significantly inhibited ERCC1 protein expression
at 0, 24 and 48 h after radiation (Fig. 6b).

Discussion

In this study, we attempted to establish the range of
optimal concentration for PXL pretreatment to obtain
a radio-enhancing effect and cell growth inhibition in
two human adenocarcinoma cell lines, HT29 and
MKN45. This was based on previous studies indicating
that PXL pretreatment for 24 h prior to radiation [7, §]
leads to a radio-sensitizing effect. Since the present
study was focused on the sequential effect of PXL pre-
treatment on radiation, we removed PXL from wells
before radiation treatment.

The cell growth inhibition induced by PXL pretreat-
ment followed by radiation was shown to be strongly
dependent on PXL dose. In both cell lines, cytotoxic

b

VEGF (pg/protein)
2.75 1

d

<PXL exposure for 48 h>

n.s
251

2.25 4
2 E
1.75 4
1.5 4
1.25 4
14
75 1
54

control  0.01pM  0.1uM  1uM 10uM

VEGF (pg/protein

1 . "

0 24 48 Time after radiation(h)
—@— PXL free
—&— PXL0.01uM

—= - - PXL 0.1uM
----e--- PXL 1uM

o N B O ® 4 o

various conditions was evaluated by semi-quantitative RT-PCR.
A control PCR was also carried out for B-actin, which served as a
standard for sample normalization; (d) cells were pretreated with
PXL (0,0.01, 0.1 or 1 uM for 24 h) followed by irradiation. VEGF
protein secretion levels in CM were evaluated by ELISA at 0, 24
and 48 h after radiation. The data represent the mean &+ SD of
three experiments

PXL pretreatment followed by radiation significantly
inhibited cell growth compared to non-cytotoxic doses.
However, among the cytotoxic doses of PXL pretreat-
ment, there were no differences in cell growth inhibi-
tion. Thus, radio-enhancement was shown to be
strongly induced by PXL pretreatment in a dose-
dependent manner, but only in terms of this cytotoxic
versus non-cytotoxic dose difference.

To understand the influence of PXL pretreatment
on the cell cycle, we performed flow-cytometric analy-
sis. The results revealed that cytotoxic doses of PXL
caused accumulation of cells in the G2/M phase in both
cell lines. These results suggest that sufficient concen-
trations of PXL cause freezing of microtubules and G2/
M phase arrest, this phase being the most radiosensi-
tive phase of the cell cycle. Interestingly, maximal non-
cytotoxic doses of PXL also have the potential to
inhibit cell growth and induce radio-enhancement.
Since flow-cytometric analysis showed that there were
no significant differences in the cell cycle distribution at
these concentrations compared to control, other cellu-
lar mechanisms of action must be involved in non-cyto-
toxic PXL-mediated radio-enhancement.

To understand the radio-enhancing effect of pretreat-
ment with non-cytotoxic doses of PXL, we searched for
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Fig. 6 Effect of PXL pretreatment and irradiation on ERCC1
expression. a ERCC1 gene expression under various conditions
was evaluated by semi-quantitative RT-PCR. A control PCR was
also carried out for B-actin, which served as a standard for sample
normalization; b cells were pretreated with PXL (0, 0.01 or
0.1 uM for 24 h) followed by irradiation. ERCC1 protein levels

other possible contributory factors. Although various
intrinsic and extrinsic factors affecting radio-sensitiza-
tion, including hypoxia and angiogenesis [11], DNA
double-strand breakage repair [12], and p53 gene sta-
tus [13], have been reported, we focused on angiogene-
sis and DNA repair which may be potential
mechanisms of the radio-enhancement observed in this
study.

VEGTF is the most potent and specific growth factor
for endothelial cell activation [14]. Evidence for the
importance of VEGF-induced angiogenesis in tumor
growth was demonstrated by experiments using neu-
tralizing antibodies or a dominant-negative soluble
receptor to inhibit VEGF action and the growth of pri-
mary and metastatic tumors [15]. Direct up-regulation
of VEGF after irradiation in various cancer cell lines
has been reported [16], and some studies targeting the
VEGF/VEGEFR signaling pathway in conjunction with
irradiation have been conducted. Gorski etal. [16]
found that antibodies to VEGF, when combined with
ionizing radiation in vitro, resulted in increased endo-
thelial cell death without affecting tumor cells. In con-
trast, VEGF has been shown to reduce apoptosis after
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were evaluated by western blotting at 0, 24 and 48 h after radia-
tion. The films were scanned and the relative quantities of the
protein bands were analyzed by densitometry using CS Analyzer
version 2.0 (ATTO Corporation, Japan). The experiments were
carried out in triplicate

irradiation in human leukemia cells and in human and
murine mammary adenocarcinoma cells [17, 18]. Fur-
thermore, Hovinga et al. showed that high basal VEGF
secretion was associated with greater resistance to irra-
diation in glioblastoma in vitro [19].

In this study, VEGF protein secretion was signifi-
cantly downregulated by PXL exposure at cytotoxic
doses. Furthermore, direct upregulation of VEGF pro-
tein after radiation was also significantly inhibited by
cytotoxic doses of PXL. However, at non-cytotoxic
doses, this phenomenon was not observed. Since PXL
pretreatment at cytotoxic doses enhanced the effects of
radiation and inhibited cell growth significantly, we
speculate that one of the mechanisms in PXL enhance-
ment of radiation effects is a decrease in VEGF secre-
tion.

Next, the nucleotide excision repair pathway is one of
the most important pathways that guards the integrity of
the genome, removing a wide variety of DNA lesions
including interstrand cross-links caused by cisplatin
(CDDP) or radiation [20, 21]. Removal of these adducts
from genomic DNA is mediated by a complex interac-
tion of various proteins [22, 23]. A critical step in this
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process is the interaction of the product of the ERCCI
gene with the products of the Xeroderma Pigmentosum
Group A (XPA) and group F (XPF) genes [24]. Previ-
ous reports have demonstrated increased ERCCI
mRNA expression as an indicator for non-response to
neoadjuvant CDDP-based chemotherapy for gastric
cancer [25], colon cancer [26] and non-small cell lung
cancer [27]. Recent study has also shown that decreased
ERCCI mRNA expression is a predictor for response to
neoadjuvant chemoradiotherapy for esophageal cancer
[28]. Furthermore, experimental studies have demon-
strated that increased ERCCI1 levels are associated with
removal of cisplatin-induced strand adducts and relative
cisplatin resistance [29]. In addition, ERCC1-defective
knockout mice are highly sensitive to DNA cross-link-
ing agents [30]. ERCC1 is also associated with radiation-
induced DNA damage, although this mechanism is still
poorly understood [31, 32].

We have also demonstrated that radiation activated
the DNA repair gene ERCCI using RT-PCR and
Western blotting. Interestingly, PXL pretreatment
inhibits ERCC1 gene expression even after radiation.
Furthermore, Western blotting analysis shows that
non-cytotoxic, as well as cytotoxic; doses of PXL
inhibit ERCC1 protein upregulation at 0, 24 and 48 h
after radiation. Yacoub et al. previously showed that
the MEK inhibitor PD90859 blocked the induction of
ERCC1 and ERCC1 by radiation, and cell death from
radiation was maximal when PD90859 was added prior
to radiation [33]. It is therefore conceivable that PXL
pretreatment decreases expression of ERCC1 even
after radiation, and might prevent the cells from under-
going DNA repair, resulting in radio-sensitization,
even if non-cytotoxic doses of PXL are used.

In conclusion, the range of optimal concentration
for PXL pretreatment was 0.01-0.1 pM, in the light of
two main evaluations comprising the cell growth inhi-
bition with PXL pretreatment, and the radio-enhanc-
ing effects of PXL resulting from this inhibition and
other factors. In other words, two major mechanisms of
tumor radio-sensitization are suggested: (1) PXL
induces G2M arrest, this being the most radio-sensitive
phase of the cell cycle and (2) PXL pretreatment sup-
presses the radiation-induced expression of VEGF and
ERCCI, leading to greater DNA damage after radia-
tion and resulting in the cell growth inhibition.
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