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Abstract

Objective: “Excision Repair Cross-Complementation Group 1”
(ERCC1) enzyme is a vitally important basic protein required for DNA
repair. Recent studies suggest that ERCC1 is involved in resistance to
antracycline-based chemotherapy regimens. In this study, we aimed
to analyze ERCC1 expression in lung and esophageal cancer patients.
We also aimed to investigate the possible correlation between the
ERCC1 expression levels and patient demographic information.

Materials and Methods: Twenty esophageal and 20 non-small cell
lung cancer (NSCLC) patients diagnosed between December 2009
and December 2010, via either endoscopic, bronchoscopic or tru-cut
biopsy, were included in this study. The ERCC1 expression levels were
analyzed by the reverse transcriptase-polymerase chain reaction (RT-
PCR) method in RNA samples extracted from pathological biopsy
specimens. The patient demographic information was also recorded.

Results: There was no significant correlation between the ERCC1
expression level and demographic parameters, including the tumor,
node, metastatis (TNM) staging, World Health Organization (WHO)
grading, age, gender, hemoglobin level and albumin level, in the
patient groups. The mean ERCC1 expression levels in the NSCLC and
esophageal cancer patients were 0.71+£0.85 and 0.62+0.78, respec-
tively. The ERCC1 expression level was elevated in 15% of each pa-
tient group.

Conclusion: Analysis of the ERCC1 expression in NSCLC and esopha-
geal cancer patients prior to chemotherapy would be useful for per-
sonalized chemotherapy regimens and would provide more accurate
prognostic information for the patient.
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Ozet

Amag: “Excision Repair Cross-Complementation Group 1”(ERCCT) en-
zimi DNA tamiri icin gerekli temel proteinlerden bir tanesi olup hayati
oneme sahiptir. Yapilan son calismalarda ERCC1'in antrasiklin bazl ke-
moterapi rejimlerine karsi gelisen direnc ile iliskili olabilecegini diistin-
diirmektedir. Bu calismada, ERCC1 ekspresyonunu kiiglik hiicre disi ak-
ciger kanseri ve 6zofagus kanseri hastalarinda arastirmayi amacladik.
Ayni zamanda ERCC1 ekspresyonu ile hastalarin demografik verileri
arasinda olabilecek muhtemel iliskiyi aragtirmayr amagladik.

Gereg ve Yontem: Aralik 2009 ve Aralik 2010 tarihleri arasinda, endos-
kopik, bronkoskopik veya tru-cut biyopsi ile 6zofagus kanseri tanisi
almis 20 hasta ve kiicuik hiicre disi akciger kanseri (KHDAK) tanisi almis
20 hasta calismaya dahil edildi. Hastalara ait demografik bilgiler kayit
edildi. Calisma sonunda ERCC1 ekspresyonu, tani koydurucu patoloji
bloklarindan elde edilen dokusal RNA 6rneklerinde RT-PCR (reverse
transcriptase-polymerase chain reaction) metodu ile degerlendirildi.

Bulgular: Hastalarin ERCC1 ekspresyon diizeyi ile TNM evrelemesi,
Diinya saghk érgutli (WHO) derecesi, yas, cinsiyet, hemoglobulin ve
albumin serum diizeyi gibi parameterelerin herhangi birisi ile korre-
lasyonu tespit edilemedi. KHDAK hastalarinda ve 6zofagus kanseri
hastalarinda 6lclilen ortalama ERCC1 ekspresyonu diizeyi sirasi ile
0,71+0,85 and 0,62+0,78 olarak tespit edildi. ERCC1 expresyonu her
iki hasta grubunun da %15'inde artmis olarak tespit edildi.

Sonug: ERCC1 ekspresyonun KHDAK ve 6zofagus kanseri hastalarin-
da kemoterapi oncesi incelenmesi daha bireysellestirilmis kemote-
rapi rejimlerinin kullanilmasinin yaninda hasta ile ilgili daha dogru
prognostik bilgi edinilmesini de saglayacaktir..

Anahtar Kelimeler: ERCC1 ekspresyonu, akciger kanseri, 6zofagus kanseri

Introduction

Excision repair cross-complementation group 1 (ERCC1)
is an essential enzyme and one of the key proteins in deoxy-
ribonucleic acid (DNA) repair. ERCC1 breaks the 5" end of
the damaged DNA strand and constitutes the rate-limiting

step in this process. In some studies, a statistically signifi-
cant increase in survival was observed in the groups with
low ERCC1 expression that were treated with platin-based
chemotherapy. As a result of these studies, ERCC1 overex-
pression was suggested as an indicator of resistance against
platin-based chemotherapies. Some cancers exhibit ERCC1
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overexpression, as was shown with immunohistochemistry
or RT-PCR [1, 2].

There are a limited number of studies on the ERCC1
expression levels in lung and esophageal cancer and the
effect of chemotherapy on survival. The aim of this study is to
analyze the ERCC1 expression levels in newly diagnosed lung
and esophageal cancer cases that have not been treated with
chemotherapy and to investigate the correlation between
the expression data and the demographic information in the
cases. Informed consent was collected for all patients prior to
their participation in the study, and the study was proved by
the local ethics committee.

Materials and Methods

The informed consent form was taken from all participat-
ing patients. The ERCC1 gene expression analysis was per-
formed on paraffin-embedded tissues from cases that were
histopathologically diagnosed with non-small cell lung can-
cer (NSCLC) or esophageal cancer using reverse transcriptase
polymerase chain-reaction (RT-PCR), which was performed
by an expert medical biologist. Demographic information at
the time of diagnosis, performance scores and clinical phases
of the cases that were diagnosed with lung or esophageal
cancer were recorded.

Quantification of the ERCC1 gene expression mRNA

isolation from the tissue samples

Formalin-fixed, paraffin-embedded tissue samples were
cut with a microtome and 1020 sheets with a 5-microm-
eter thickness were placed into 1.5 mL Eppendorf tubes. For
deparaffinization, 1 mL of xylene was added and the samples
were incubated at 56°C for 15 minutes. Then, the samples
were centrifuged for 5 minutes and the supernatant (upper
phase) was discarded. This step was repeated 4 times. Then,
the samples were washed with 1 mL of 100%, 80%, 60% and
40% of ethanol, respectively. A high pure RNA tissue isola-
tion kit (Roche, Mannheim, Germany) was used to extract
the mRNA from the melted tissues. Five hundred microliters
of 100% ethanol was added onto the melted tissues and
the resulting mixture was transferred to spin-columns. The
columns were centrifuged for 30 seconds at 13.000 rpm and
the filter-through was discarded. Ninety microliters of DNase
incubation buffer and 10 uL of DNase | solution were added,
and the samples were incubated for 15 minutes at room tem-
perature (RT). The samples were centrifuged for 15 seconds at
8.000 rpm and the filter-through was discarded. Afterwards,
500 pL of washing solution I, 500 pL of washing solution Il and
300 pL of washing solution Il were added onto the columns in
the given order. A 15 second centrifugation at 8.000 rpm was
performed in between the washing steps. Finally, 100 L of

elution buffer was added, the columns were centrifuged for 1
minute at 8.000 rpm and the mRNA samples were recovered.

cDNA synthesis

Step 1; 6 pL of nuclease-free water, 2 pL of random hex-
amer primers, 5 uL of mRNA were added for a total of 13
pl-Incubated at 65 °C’ for 10 minutes.

Step 2; 4 pL of transcription reverse transcriptase reaction
solution, 0.5 pL of transcription reverse transcriptase, 2 uL of
deoxynucleotide mixture, 0.5 pL of RNase inhibitor for a total
of 7 uL-Incubated at RT for 10 minutes.

PCR protocol for cDNA: 10 minutes at 25°C, 1 hour at 50°C,
5 minutes at 85°C

13 uL+7 pL=20 pL (PCR products from Step 1 and 2 were
used in the RT-PCR).

The relative cDNA amounts for ERCC1 and the reference
gene (beta-actin) were calculated with a fluorescence-based
real-time method (Roche LC480 Light Cycler). The primers
and probe sequences are presented below. The first primer is
the forward PCR primer, the second is the reverse PCR primer
and the third is the TagMan probe.

For ERCC1 (Roche, Mannheim, Germany, Cat No;
03003248001, version 13.0), the PCR reaction mixture con-
tained 600 nm of forward and reverse primers; 200 nm of
probe; 2.5 units of Fast Start Taq polymerase; 200 micromoles
of dATP, dCTP and dGTP each; 400 micromoles of dUTP; 5.5
millimoles of MgCl, and TagMan buffer solution containing
a reference dye in a total volume of 25 uL. The RT-PCR condi-
tions consisted of 46 cycles of 10 seconds at 50°C; 10 minutes
at 95°C, 15 seconds at 95°C and 1 minute at 60°C.

After RT-PCR, comparisons were made according to the
differences in the CT (cycle threshold) values of the target and
reference genes. The results were compared with the reference
gene, a-actin. ERCC1 was detected in the range of 0.01-2.9.
The mRNA values were defined by PCR and do not have units.
A cut-off value of 2.0E2, which is similar to other studies, was
used to divide the groups into low and high expression levels.

Statistical Analysis

The patient data were analyzed with Statistical Package
for the Social Sciences (SPSS) software (Version 11.5, 1BM, CA,
USA). Student’s t test was used to compare the age parameter
in two groups, which had a normal distribution. The Chi-
square test was used for categorical parameters. The correla-
tion between the ERCC1 expression levels was determined
with Spearman correlation. Kaplan-Meier analysis was used
to determine the relationship between the ERCC1 expression
and patient survival. The Log rank test was used to determine
whether the survival time was different between the groups
with low and high ERCC1 expression. P values lower than 0.05
were accepted as statistically significant.
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Table 1. Demographic properties of the esophageal cancer patients

Groups (min) Count (max) % Average

Sex Male 10 50

Female 10 50
Stage Stage Il 3 15

Stage lll 4 20

Stage IV 13 65
Histopathologic Adenocancer 6 30
Diagnosis Squamous cell cancer 13 65

Signet Ring cell cancer 1 5

Age 41 80 60.5+£10.8
Hemoglobulin (gr/dL) 9 17 13.15+2.2
Leucocyte count (x10°/mL) 2300 32000 91005+6540
Platelet count (x10%/mL) 88.000 544.000 277.0005%116.000

Results

Ten out of the 20 cases with esophageal cancer were
males and 10 were females. The mean age was 60.5 (between
ages 41 and 80). The mean hemoglobin, leukocyte, throm-
bocyte, erythrocyte sedimentation rate (ESR), alanine amino
transpherase (ALT), and creatinine levels were as follows; 13.2
gr/dL, 9100x10%/mL, 277,000x105/mL, 39 mm/h, 15.6 IU/mL,
and 0.9 mg/dL, respectively. Histopathologically, 13 cases
(65%) were squamous cell carcinoma, 6 cases (30%) were
adenocarcinoma and 1 case (5%) was signet ring cell carcino-
ma. According to the TNM staging system, 3 cases (15%) were
stage |, 4 cases (20%) were stage lll and the remaining 13
cases (65%) were stage IV. The demographical properties of
the esophageal cancer cases are presented in Table 1. Two of
the patients with squamous cell cancer and one with esopha-
geal adenocarcinoma were regarded as positive for ERCC1.

Sixteen out of 20 cases (80%) with NSCLC were males,
4 cases (20%) were females and the mean age was 61.4
(between ages 31-79). Twelve cases (60%) were squamous
cell carcinoma and 8 cases (40%) were adenocarcinoma.
According to the TNM staging system, 4 (20%) cases were
stage |, 8 (40%) cases were stage Il and the remaining 8 (40%)
cases were stage lll. The demographical properties of the
NSCLC cases are presented in Table 2.

Quantitative results and the distribution of the ERCC1

gene measured by RT-PCR

ERCC1 was measured quantitatively in the tumor tissue of
esophageal cancer cases and the ratio of ERCC1 to the refer-
ence gene ranged between 0.1 and 2.81. The mean value was
calculated as 0.71+0.85. Three cases (15%) with esophageal

cancer were positive for ERCC1 amplification and 17 cases
(85%) were negative.

ERCC1 was measured quantitatively in the tumor tissue of
the NSCLC cases and the ratio of ERCC1 to the reference gene
ranged between 0.1 and 2.51. The mean value was calculated
as 0.62+0.78. Three cases (15%) with NSCLC were positive for
ERCC1 amplification and 17 cases (85%) were negative.

In the esophageal cancer cases, there was no statistically
significant correlation between ERCC1 positivity and TNM
staging (p=0.3), WHO classification (p=0.73), age (p=0.76),
gender (p=0.61), albumin level (p=0.82), and Hb level
(p=0.21). Although statistically insignificant, all 3 ERCC1 posi-
tive cases were squamous cell carcinoma. A statistically sig-
nificant correlation between the tumor diameter and ERCC1
positivity was determined (p=0.039).

There was no statistically significant correlation between
ERCC1 positivity and the tumor diameter (p=1), TNM staging
(p=0.68), WHO grading (p=0.89), Hb level (p=0.15), erythro-
cyte sedimentation rate (p=0.5), albumin level (p=0.15) or
patient age (p=0.54).

Discussion

The nucleotide excision repair (NER) pathway plays a
role in DNA repair by removing the DNA damage. The NER
pathway is highly polymorphic and the roles of acquired and
hereditary genetic defects in this pathway are being inves-
tigated [3]. ERCC1 is one of the most important DNA repair
genes in the NER pathway.

In our study, the patients’ ERCC1 expression levels were
determined using the RT-PCR method from RNA samples
extracted from the paraffin blocks that were used in the
pathological diagnosis. High ERCC1 expression was detected
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Table 2. Demographic properties of the non-small cell lung cancer patients

Subgroups Percent Mean value
(min) n (max) (%) (std)
Sex Male 16 80
Female 4 20
Stage Stage | 4 20
Stage ll 8 40
Stagel lll 8 40
Histopathologic Diagnosis ~ Adenocancer
Squamous cell 8 40
epithelial cancer 12 60
Presence of any risk factor ~ Present 12 60
Absent 8 40
Age 31 79 614
(std+10.3)
Hemoglobulin (gr/dL) 10 17 133
(std+2.2)
Leukocyte count (x10%/mL) 5500 16000 10560
(std+3560)
Platelet count (x10%/mL) 150.000 366.000 274.000
(std+66.000)
Alaninamino trans 60 25 (std+15.9)
Albumin 27 45 3.81
(std+0.56)

in 15% of the esophageal cancer cases and 15% of the
NSCLC cases. There was no statistically significant correla-
tion between the ERCC1 expression levels and TNM stage,
WHO grade, age, gender, albumin or hemoglobin levels in
the esophageal cancer and NSCLC patients (p>0.05). There
was a statistically significant correlation between the tumor
diameter and ERCC1 positivity, but this was only true for
esophageal cancer cases.

In a previous study, ERCC1 expression and the effect of
esophageal cancer on survival were investigated in 99 cases
with esophageal cancer, which were surgically excised after
neoadjuvant chemotherapy. The survival was significantly
lower in patients with ERCC1>3.0 compared with patients
with ERCC1<3.0. In addition, the relapse risk was two-fold
higher for ERCC1>3.0. In that study, the gene expression was
analyzed from biopsies that were taken for diagnostic pur-
poses and that were associated with chemoresistance; ERCC1
expression could be employed as a useful parameter for the
patients’response to therapy and their survival [4]. In another
study of 76 late-stage gastric cancer cases, the cut-off value
for ERCC1 was taken as 0.47 and higher ERCC1 expression
was observed in 19.7% of the patients. The mean survival
was significantly lower in the group with higher ERCC1 lev-
els compared to the group with lower ERCC1 levels. In that

study, the ERCC1 mRNA expression level was reported as an
independent predictor for the survey [5]. Despite the higher
cut-off value in our study, ERCC1 expression was found higher
in 15% of the cases.

Immunohistochemical studies on ERCC1 expression ratios
report that these ratios have promising predictive value in
gastro-esophageal cancer patients who are treated with
platin-based neoadjuvant chemotherapy [2].

The relationship between ERCC1 expression and cisplatin-
induced DNA damage in different cancer types, including
ovarian cancer, colorectal cancer, primary stomach cancer
and esophageal cancer, has been demonstrated in differ-
ent clinical and preclinical studies. There are reports that
ERCC1 expression may have prognostic importance in NSCLC
patients who have and have not undergone treatment [6].

The response rate to platin-based chemotherapies and
to adjuvant therapies with gemcitabine, vinorelbine and
taxanes in NSCLCs, for which a surgical operation is not pos-
sible, ranges between 30 to 60% [7, 8]. In addition to its key
role in the NER pathway, the ERCC1 enzyme also catalyzes the
removal of DNA fragments. The impact of ERCC1 overexpres-
sion on chemotherapy planning in NSCLC and on the survey
has been investigated in recent years [9]. In our study, 15% of
the NSCLC patients had ERCC1 positivity.
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In a study of 34 NSCLC cases, a 7% higher ERCC1 expres-
sion was determined and a correlation between the ERCC1
expression and tumor cell type was reported [10]. In another
study, ERCC1 expression was significantly higher in metastat-
ic tissues compared with primary tumor tissues [11]. Because
our expression analysis was carried out solely on tumor
tissues, the ERCC1 expression might have been detected at
lower levels than the actual levels.

In NSCLC cases, ERCC1 expression was significantly lower
in squamous cell carcinoma than in adenocarcinoma. The dif-
ferential ERCC1 expression between squamous cell carcinoma
and adenocarcinoma may explain why squamous cell tumors
respond well to platin-based chemotherapies, whereas adeno-
carcinomas show resistance to platin-based chemotherapies
[12]. In our study, we could not identify a correlation between
the tumor type and ERCC1 levels in NSCLC cases, which may be
due to the low sample size of the subgroups.

A statistically significant correlation between ERCC1
expression and the age, histological type and pleural inva-
sion was determined in a study of 783 NSCLC cases. Higher
positivity of ERCC1 expression was determined in squamous
cell carcinoma compared with adenocarcinoma; this was true
for both patients >55 years of age, compared with younger
patients, and patients with pleural effusion, compared with
patients without pleural effusion. In the same study, when
the ERCC1 levels of the control group that did not receive
chemotherapy and the group that received chemotherapy
were compared, the mean survival time was significantly
higher for ERCC1 negative tumors in the group that received
chemotherapy (14 months longer than the control group);
the disease-free survival time after chemotherapy was also
higher in that group [71. In our study, there was no correlation
between the age, tumor stage and ERCC1 expression. The
differences in our results may be attributed to the different
methods used to analyze the ERCC1 expression and to the
differing sample sizes of the studies.

In conclusion, 15% ERCC1 positivity was observed in the
esophageal cancer and NSCLC tissues used in our study. There
are no available standardized treatment protocols for cases
with esophageal cancer or NSCLC. Analysis of ERCC1 expres-
sion prior to treatment may guide the treatment according
to the prognosis, response to treatment, relapse and overall
survival. Analyzing the ERCC1 gene expression levels prior to
chemotherapy will enable more accurate determination of
the patient profile; the next step is a personalized treatment
plan that will decrease the toxic effects of chemotherapy pro-
tocols for patients with low response rates and will improve
our understanding of each patient’s prognosis.
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