
Abstract. Recurrence after neoadjuvant chemoradiotherapy
(CRT) followed by surgery is high in patients with esophageal
cancer. No standard second line therapy is currently available
for patients with recurrence. This study aimed to evaluate the
expression of chemo-radiosensitive genes after neoadjuvant
CRT in residual tumor cells. Thirteen patients with esophageal
squamous cell carcinoma underwent 5-fluorouracil (5-FU)
and cisplatin (CDDP) based CRT followed by surgery. Total
RNA was successfully obtained from 6 formalin-fixed
paraffin-embedded (FFPE) specimens using proteinase K
digestion and phenol chloroform extraction. TS and DPD
as the 5-FU pathway gene, ERCC1 as the CDDP pathway
gene, and EGFR, VEGF, HIF1a as radioresistant genes were
measured using real-time reverse transcription polymerase
chain reaction; comparing the mRNA level of each gene in
pre-CRT biopsy with that in post-CRT FFPE specimens. Five
patients had less than one-third residual tumor cells in resected
specimens histopathologically; eight had more than two-
thirds residual tumor cells. There were significant increases
in TS (p=0.02) and DPD (p=0.01) levels in residual tumor cells
after CRT. Significant decreases in ERCC1 (p=0.03), EGFR
(p=0.01), VEGF (p=0.003) and HIF1a (p=0.003) levels were
observed. 5-FU and CDDP based CRT up-regulated 5-FU
pathway genes and down-regulated CDDP pathway and radio-
resistant genes. The expression of chemo-radiosensitive
genes was significantly changed in residual tumor cells after
CRT. Gene expression analysis of residual tumor cells in
FFPE specimens may be useful when selecting a second line

chemotherapy regimen for recurrent esophageal cancer after
CRT.

Introduction

Neoadjuvant chemoradiotherapy (CRT) followed by surgery
has been shown to reduce incomplete local resection, local
and systemic recurrences, and to improve disease-free and
overall survival in patients with esophageal cancer (1-3).

However, patients with an incomplete pathological
response still have a poorer prognosis because of higher
locoregional recurrence and distant metastasis compared to
those with a complete pathological response (pCR) (4-6).
Since the pCR rate is only approximately 30% (6), most
patients (70%) receiving neoadjuvant CRT followed by
surgery have a high risk of disease recurrence and thus will
need adjuvant therapy such as additional radiotherapy or
chemotherapy.

Recently, histopathologic response based on the quantifi-
cation of residual tumor cells has been shown to be related to
recurrence or survival in esophageal cancer patients receiving
CRT followed by surgery (7-9). However, it is difficult to
determine the difference between CRT-induced fibrosis
and pre-existing tumor desmoplasia when quantifying the
proportion of residual tumor cells (9).

In this study, instead of quantifying the proportion of
residual tumor cells, we focused on the gene expression of
residual tumor cells in formalin-fixed paraffin-embedded
(FFPE) specimens after neoadjuvant CRT. Microdissection
and real-time PCR were used for gene expression analysis
of residual tumor cells in FFPE specimens, because residual
tumor cells in each specimen are small and real-time PCR is
relatively uniform compared with immunohistochemistry
(10-13).

This preliminary study aimed to evaluate the expressions
of chemo-radiosensitive genes in residual tumor cells of
esophageal cancer after neoadjuvant CRT. We evaluated
thymidylate synthase (TS) and dihydropyrimidine dehydro-
genase (DPD) as 5-FU pathway genes, excision repair cross-
complementation group 1 (ERCC1) as a CDDP pathway
gene, and epidermal growth factor receptor (EGFR), vascular
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endothelial growth factor (VEGF), and hypoxia-inducible
factor-1· (HIF1a) as radioresistant genes.

Materials and methods

Patients and specimens. In this preliminary analysis, 13
patients with histologically proven esophageal squamous cell
carcinoma who received neoadjuvant chemo-radiotherapy
(CRT) followed by surgery were selected because of the
availability of pre-CRT endoscopic biopsy specimens. Before
pre-CRT endoscopic biopsy, all patients signed informed
consent forms for their tissue to be used in this study. Pre-
CRT biopsy specimens were snap-frozen in liquid nitrogen
and kept at -80˚C until use. All resected specimens were fixed
in 10% formalin, and embedded in paraffin.

5-Fluorouracil and cisplatin-based chemo-radiotherapy
regimen. All patients received systemic 5-FU and CDDP
chemotherapy with concurrent radiotherapy. The regimen
included four cycles of 5-FU given as 600 mg/m2 administered
intravenously for 24 h, and UFT (Tegafur and Uracil) given
as 400 mg/body weight administered orally for 5 days, plus
CDDP given as 2-4 mg/day administered intravenously for
5 days with concurrent 40 Gy radiation followed by eso-
phageal resection. Preoperative radiotherapy was delivered to
both primary tumor and peritumoral area at a dose of 40 Gy

in 20 fractions within 4 weeks (2 Gy/day for 5 days a week).
The time interval between neoadjuvant CRT and surgery was
2-3 weeks.

Clinical and histopathologic response. Tumors were staged
based on the Guidelines for the Clinical and Pathologic Studies
on Carcinoma of the Esophagus (14). Clinical response was
evaluated by barium swallow, endoscopy and computed
tomography and graded as complete response (CR), partial
response (PR), no change (NC) or progressive disease (PD)
(14). The degree of histopathologic response was classified
into four categories: grade 0, neither necrosis nor regressive
changes; grade 1, >2/3 vital residual tumor cells (VRTCs);
grade 2, <1/3 VRTCs; or grade 3, no VRTCs (14).

RNA extraction from pretreatment biopsy specimens. Pre-
CRT endoscopic biopsy specimens were homogenized with a
Mixer Mill MM 300 homogenizer (Qiagen, Inc., Chatsworth,
CA). Total RNA was isolated using an RNeasy mini kit
(Qiagen, Inc.) according to the manufacturer's instructions.

Microdissection in formalin-fixed, paraffin-embedded
(FFPE) specimens. Sections (10-μm thick) of formalin-fixed,
paraffin-embedded (FFPE) specimens were stained with
nuclear fast red and subsequently manually microdissected to
collect residual tumor cells, with reference to hematoxylin
and eosin sections.
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Table I. Primer and probe sequences of target genes.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gene Primer and probe Sequence
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
TS Forward primer 5'-GCCTCGGTGTGCCTTTCA-3'

Reverse primer 5'-CCCGTGATGTGCGCAAT-3'
Probe 5'-TCGCCAGCTACGCCCTGCTCA-3'

DPD Forward primer 5'-AGGACGCAAGGAGGGTTTG-3'
Reverse primer 5'-GTCCGCCGAGTCCTTACTGA-3'
Probe 5'-CAGTGCCTACAGTCTCGAGTCTGCCAGTG-3'

ERCC1 Forward primer 5'-GGGAATTTGGCGACGTAATTC-3'
Reverse primer 5'-GCGGAGGCTGAGGAACAG-3'
Probe 5'-CACAGGTGCTCTGGCCCAGCACATA-3'

VEGF Forward primer 5'-CAGAAGGAGGAGGGCAGAA-3'
Reverse primer 5'-CTCGATTGGATGGCAGTAGC-3'
Probe 5'-TCCATGAACTTCACCACTTCGTGATGA-3'

HIF1a Forward primer 5'-CCGCTGGAGACACAATCATA-3'
Reverse primer 5'-CTTCCTCAAGTTGCTGGTCA-3'
Probe 5'-TGGCAGCAACGACACAGAAACTGA-3'

EGFR Forward primer 5'-CCTATGTGCAGAGGAATTATGATCTTT-3'
Reverse primer 5'-CCACTGTGTTGAGGGCAATG-3'
Probe 5'-AACCAGCCACCTCCTGGATGGTCTTTAA-3'

ß-actin Forward primer 5'-ACAGAGCCTCGCCTTTGC-3'
Reverse primer 5'-GCGGCGATATCATCATCC-3'
Probe 5'-CCGCCGCCAGCTCACCAT-3'

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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RNA extraction from FFPE specimens. Microdissected
samples were digested with proteinase K in lysis buffer
containing Tris-HCl, EDTA, and sodium dodecyl sulfate as
previously reported with minor modification (15). RNA was
purified by phenol and chloroform extraction.

cDNA synthesis. cDNA was synthesized with random
hexamer primer and Superscript III reverse transcriptase
(Invitrogen, Carlsbad, CA) according to the manufacturer's
instructions.

Real-time quantitative RT-PCR. Real-time quantitative RT-
PCR analysis was done using an ABI PRISM 7700 Sequence
Detection System (Applied Biosystems, Inc., Foster City,
CA). Primers and probes for ß-actin, VEGF and HIF1a were
designed with primer 3 software (Biology Workbench Version
3.2, San Diego Supercomputer Center, at the University of
California, San Diego). Primers and probes for TS, DPD,
ERCC1 and EGFR were synthesized according to previously
published sequences (16). Sequences are shown in Table I.
PCR was done in a final volume of 25 μl with a Taqman
Universal PCR Master Mix (Applied Biosystems) using 0.5 μl
cDNA, 900 nM of each primer, and 200 nM of probe for the

respective genes. Cycling conditions were 50˚C for 2 min
and 95˚C for 10 min followed by 40 cycles at 95˚C for 15 sec
and 60˚C for 1 min.

Relative expression levels of TS, DPD, ERCC1, EGFR,
VEGF and HIF1a. Relative gene expression levels were
determined by the standard curve method. The standard
curves and line equations were generated using 5-fold
serially diluted solutions of cDNA from the esophageal
cancer cell line TE1. All standard curves were linear in the
analyzed range with an acceptable correlation coefficient
(R2). The amount of target gene expression was calculated
from the standard curve. Quantitative normalization of cDNA
in each sample was performed using the expression of the
ß-actin gene as an internal control. Finally, target gene mRNA
levels were given as ratios to ß-actin mRNA levels. Real-time
PCR assays were done in duplicate for each sample and mean
values used for calculations of the mRNA expression levels.

Statistical analysis. All statistical analyses were done using
JMP version 5 (SAS Institute, Inc. Cary, NC, USA). Results
were expressed as median value (inter-quartile range). The
Wilcoxon rank sum test was used to compare between pre-
and post-CRT tumoral mRNA levels.

Box and whisker plots were used to summarize the
distribution of mRNA level in cancer tissue of pre- and post-
CRT. The horizontal line in the box represents the 50th
(median) and the upper and lower lines of the box represent
75th and 25th quartiles, respectively. The whiskers indicate
the range of the measurements. P-values <0.05 were con-
sidered statistically significant.

Results

Patient characteristics and CRT response. The 13 ESCC
patients were 11 males and 2 females, median age 66 years
(range 53-77). Clinical and histopathologic responses of the
13 patients are shown in Table IIA and IIB, respectively. One
patient was classified as complete response, 9 as partial
response, and 3 as no change. According to the histopatho-
logical response criteria, 5 of the 13 patients who underwent
CRT followed by esophageal resection were categorized as
grade 2 and 8 as grade 1. Seven (54%) of the 13 patients
were pathologically down-staged.
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Table II. Clinical and histopathologic responses.
–––––––––––––––––––––––––––––––––––––––––––––––––
A. Clinical response No. of patients
–––––––––––––––––––––––––––––––––––––––––––––––––
Complete response 1
Partial response 9
No change 3
Progressive disease 0
–––––––––––––––––––––––––––––––––––––––––––––––––

B. Histopathologic response No. of patients
–––––––––––––––––––––––––––––––––––––––––––––––––
Grade 3 0
Grade 2, residual tumor <l/3 5
Grade lb, l/3< residual tumor <2/3 5
Grade la, 2/3< residual tumor 3
Grade 0 0
–––––––––––––––––––––––––––––––––––––––––––––––––

Table III. Clinical outcome of 6 patients after neoadjuvant chemoradiotherapy followed by surgery.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
No. of Clinical Pathological Clinical Histopathologic
patients Age Gender stage stage response response
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

3 71 M T3NOMO Stage 2 T3NOMO Stage 2 NC Grade 1

4 53 M T4N2MO Stage 3 T4N2MO Stage 3 PR Grade 1

5 67 M T4N2MO Stage 4a T2N2MO Stage 3 PR Grade 1

6 69 M T3N4MO Stage 4a T3N4MO Stage 4a PR Grade 1

7 63 M T3N2MO Stage 3 T2NOMO Stage 2 PR Grade 1

10 68 F T3N2MO Stage 3 T2NOMO Stage 2 PR Grade 1
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Microdissection and RNA extraction from FFPE specimens.
Five patients had less than one-third residual tumor cells
(grade 2) in their resected specimens, histopathologically and
8 had >2/3 residual tumor cells (grade 1).

Total RNA extraction was successful in 6 of the 13 FFPE
specimens (Table III). It was difficult for us to microdissect
residual tumor cells and to extract RNA from FFPE speci-
mens in patients with grade 2 histopathologic responses.
Thereafter, we compared the mRNA level of each gene in
pre-CRT biopsy with that in post-CRT FFPE specimens in
these 6 patients.

5-FU pathway gene level during CRT. TS and DPD were
measured as the 5-FU pathway gene. TS levels were 0.82
(0.44-1.26) in pre-CRT and 3.06 (1.27-5.89) in post-CRT,
respectively. DPD levels were 1.52 (1.06-7.13) in pre-CRT
and 24.51 (10.94-37.27) in post-CRT, respectively. There
were significant increases in TS (p=0.02) and DPD (p=0.01)
mRNA levels in residual tumor cells after CRT (Fig. 1). One
of the 6 patients had decreased DPD expression in residual
tumor cells.

CDDP pathway gene level during CRT. ERCC1 was
measured as the CDDP pathway gene. ERCC1 levels were
1.47 (1.34-1.84) in pre-CRT and 0.48 (0.23-0.99) in post-
CRT, respectively. A significant decrease in ERCC1 mRNA
level was observed (p=0.03) (Fig. 2). One of the 6 patients had
increased ERCC1 expression in residual tumor cells.
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Figure 1. Changes in TS and DPD as a 5-FU pathway gene during CRT.

Figure 2. Changes in ERCC1 as a CDDP pathway gene during CRT.
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Radioresistance gene level during CRT. EGFR levels were
2.21 (0.91-2.90) in pre-CRT and 0.09 (0.03-0.26) in post-CRT,
respectively. VEGF levels were 6.57 (4.75-7.30) in pre-CRT
and 0.53 (0.40-0.68) in post-CRT, respectively. HIF1a levels
were 30.01 (16.25-54.24) in pre-CRT and 1.84 (1.03-2.62) in
post-CRT, respectively. VEGF and HIF1a were measured as
radioresistant genes. There were significant decreases in
VEGF (p=0.003) and HIF1a (p=0.003) mRNA levels in
residual tumor cells after CRT (Fig. 3). EGFR was also
measured as a radioresistant gene. A significant decrease in
EGFR mRNA level was observed (p= 0.01) (Fig. 4).

Discussion

This preliminary study showed that expressions of chemo-
radiosensitive genes were changed by CRT in residual tumor
cells of esophageal cancer. When comparing mRNA levels in
pre-CRT biopsy and in post-CRT FFPE specimens, TS and
DPD were significantly up-regulated in residual tumor cells,
while ERCC1, VEGF, HIF1a and EGFR were significantly
down-regulated.

As noted by Liersch et al (13), changes in TS expression
during CRT may be explained by: i) CRT-induced up-
regulation of TS, ii) a selection process wherein tumor cells
with low TS responded to 5-FU and were then eradicated or
iii) a combination of i) and ii). DPD may be explained in the
same manner as TS. Tumor cells with high TS and DPD
seem to be resistant to 5-FU (17), and thus may be regarded as
residual tumor cells.
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Figure 3. Changes in VEGF and HIF1a as radioresistance genes during CRT.

Figure 4. Changes in EGFR as a radioresistance gene during CRT.
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Tumors with low ERCC1 have been reported to be
associated with favorable responses to CDDP (18). Over-
expression of EGFR, VEGF or HIF1a seems correlated with
chemotherapy or radiation resistance in several malignancies
(19-21). EGFR inhibitors have been shown to enhance the
effects of chemotherapy or radiation (18). HIF inhibitor has
also been anticipated to be a novel molecular targeted agent,
especially for HIF 1 overexpressing tumor cells (21).

Recent studies have focused on inhibiting chemo-
radioresistance genes by using antisense oligonucleotides
or small interfering RNA designed to inhibit target genes to
sensitize cancer cells to radiation or chemotherapeutic drugs.
Our results showed that CRT itself decreased the expression
of chemo-radioresistance genes. Therefore, it is possible that
CDDP and radiation may still be appropriate treatments, or
can be used for recurrent esophageal cancer after CRT. Since
a number of genes, except for these genes, are related to 5-FU,
CDDP, and radiation sensitivity (22), this speculation is over
simplistic. However, we believe that analysis of gene expres-
sion profiles using post-CRT samples would be useful for the
treatment of recurrence after neoadjuvant CRT and surgery.

In vitro study using ESCC lines showed that CRT also
up-regulated or down-regulated the expression of chemo-
radiosensitive genes, as in clinical specimens (data not
shown). However, there was a discrepancy between the
results of in vitro study and those of clinical specimens; thus,
it may depend on the type of cell line or difference in CRT
setting.

As described in previous reports (4-6), the pCR rate is
now just 30% and approximately 70% of patients receiving
neoadjuvant CRT followed by surgery have a high risk of
locoregional and distant metastatic recurrence with poorer
prognosis. To improve overall survival of esophageal cancer
patients, we need to also focus on treatment strategies for
patients with incomplete pathological responses.

In conclusion, expressions of TS, DPD, ERCC1, EGFR,
VEGF and HIF1a were significantly changed by neoadjuvant
5-FU and CDDP based CRT in residual tumor cells. As well as
quantification of the histopathologic response, gene expression
analysis in residual tumor cells may provide significant
information on a suitable strategy for patients with recurrent
esophageal cancer after neoadjuvant CRT followed by surgery.
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