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Fig. 1~ The Kaplan-Meier curves for disease-free survival for
the three groups of HCG patients after a curative resection
are shown: patients with p53 mutation, those with p53
wild/hMSH2 mutation and those with p53 wild/hMSH2 wild.

Table 6 - The multivariate analysis of disease-free
survival by means of the Cox’s proportional hazard
model

with p53 and/or hMSH2 mutations in intrahepatic metastasis
(75.0%) was significantly higher than that in multicentric
occurrence (14.3%) (P = 0.001, respectively, Tukey's HSD test).

3.5, Overall survival

‘We also conducted univariate analysis for overall survival (OS)
in all 79 HCC patients (Table 5). HCC patients with p53 muta-
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Fig. 2 - The Kaplan-Meier curves for overall survival for the
three groups of HCC patients after a curative resection are
shown: patients with p53 mutation, those with p53 wild/
hMSH2 mutation and those with p53 wild/hMSH2 wild.

tion demonstrated a significantly shorter OS than those with-
out (24 versus 98 months, P<0.0001). In addition, liver
cirrhosis also showed a significant difference (P = 0.037), while
a marginal significance of 0OS was found for HCV status
(P =0.068).

We next analysed OS using only 65 HCC patients without
p53 mutation as described above. Remarkably, HCC patients
with hMSH2 mutation showed a significantly shorter OS com-
pared with those without the mutation (30 versus 98 months,
P =0.011). Comparisons of OS among HCC patients with p53
mutation  (n=14), those with p53 wild/hMSH2 mutation
{n = 8) and those without mutation (n = 57) are also shown in
Fig. 2. The 3-year OS rates of HCC patients were 35.7%,
50.0% and 96.4%, respectively. - ,

In the multivariate analysis, we included categories by
p53 and hMSH2 mutation. status, HCV and liver cirrhosis
as. explanatory variables that showed P <O0.1 in univariate
analysis. (Table 8). HCGC patients with p53 wild/hMSH2 muta-
tion and those with p53 mutation showed 6.8- and 14.5-fold
risks compared with those without mutation (P=0.003,
P <0.001, respectively). In addition, liver cirrhosis also re-
vealed a statistically significant difference (P<0.001). On
the other hand, HCV did not show significance for OS in
the analysis.

Table 7 - Recurrent pattern in HCC patients by status of p53 or hMSH2 mutation
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Table 8 ~ The multivariate analysis of overall survival by
means of the Cox’s proportional hazard model

4, Discussion

This study presents the results of an analysis of the clinical
features of hepatocellular carcinoma in 83 HCC patients with
and without p53 and/or hMSH2 mutations. Interestingly, HCC
patients without mutations of these genes showed a better
prognosis including recurrence and survival than those with
‘gene mutations. Furthermore, p53 or hMSH2 mutation status
was also found to be associated with the pattern of recur-
rence. These findings suggest that mutations of these genes
may be deeply involved in not only the progression of HCC
but also the recurrence development of HCC.

A p53 or hMSH2 gene mutation may accelerate the progres-
sional development of HCC by a 100-600-fold incréase in the
rate of spontaneous mutations and accumulation due to de-
fects in mismatch repair.”** It is of course also possible that
the loss of a mismatch repair function is likely to lead to high
frequencies of ectopic recombination??®; this may then lead
to genomic rearrangement(s) and; as a resuit, activation of an
oncogene or inactivation of a tumour suppressor gene, result-
ing in the acceleration of progression of HCC.

On the other hand, although p53 or hMSH2 mutation were
not detected in non-malignant cells in cancer tissue, progno-
sis of the patients was worse than that without the muta-
tions. This may be because the genome in normal cells
around tumours is more instable in HCCs with p53 or hMSH2
mutation than those without these mutations, influencing
the recurrence or survival. The possibility cannot be excluded
that a few normal cells with p53 or hMSH2 mutation have ex-
isted within cancer tissue though we cannot detect these
mutations by our assay system.

Cells in a tumour may well become resistant to chemo-
therapeutic agents following their acquisition of mutations
that affect the p53 or hMSH2 genes?~2° this is because it
should be much easier for cells that have a disrupted mis-
match repair system to acquire a drug resistance phenotype
by virtue of the increased mutability which stems from their
genomic instability. Thus there may be significant differences
in responsiveness to chemotherapy in HCC patients with p53
and/or hMSH2 mutations and without these mutations, and
this could well lead to their experiencing significantly differ-
ent survival periods following a relapse. ' o

The recurrent tumours identified in this study were clas-
sified in accordance with the recommendations of the Liver
Cancer Study Group of Japan in their paper on the classifi-
cation of primary liver cancers.*® Thus the term intrahe-
patic metastasis is- used to'describe: 1) tumours that can
be clearly seen as having grown from portal vein tumour
thrombi, .2) tumours that surround a large main tumour
with multiple satellite nodules; and 3) a small solitary tu-
mour which is close to the main tumour and is either his-
tologically similar to or less differentiated than the main
tumour. Multiple HCC lesions that cannot be described as
metastases under the above criteria are believed to repre-
sent potential multicentric occurrences; such tumours are
separately recorded as ‘de novo carcinogenesis’. However,
there may often be recurrent tumours that are difficult to
classify as either intrahepatic metastases or multicentric
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Fig.3 - A proposed model of hepatocellular ,carcinogehesis with emphaéis on progression in relation to mutations of p53 and

hMSH2 genes.
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occurrences. Several studies have tried to examine the pos-
sible histologic** and genetic®*3? differential diagnoses, but
this is still impossible. In our present study, almost all of
the cases in which we found a p53 and/or an hMSH2 gene
mutation appeared to relapse within 2 years of surgery as
a consequence of intrahepatic metastasis. Although we
noted that the outcomes were reasonably good in the great
majority of the p53 wild/hMSH2 wild cases, there were a few
cases involving multicentric occurrence that led to relapses
occurring 3-plus years after surgery. Frequency of multicen-
tric occurrence was also higher in p53 wild/hMSH2 wild
cases than in these mutation positive cases. These findings
suggest that gene alterations other than mutations of p53
and hMSH2 may be involved in recurrence and survival.
So, gene alterations, especially on DNA repair system
including other mismatch repair genes, need to be
analysed. .

Fig. 3 summarises the situation as we found it in patients
with HCC. There seemed to be relatively few mutations in
either p53 or hMSH2 in early-stage HCCs. The early-stage
HCCs then developed into advanced-stage HCCs, which were
more than 2 cm in diameter and were either poorly or moder-
ately de-differentiated. The outcome tended to be pretty poor
in those HCC patients whose tumours showed clear evidence
of p53 or hMSH2 mutations, whereas in patients whose tu-
mours had no mutation of either gene the outcome tended
to be somewhat better.
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Abstract. The RADI8 gene, located on the human chromo-
some 3p24-p25, plays a crucial role in post-replication repair
(PRR) in various organisms from yeast to humans. In the
human RADIS8 gene, one coding single nucleotide poly-
morphism (SNP) at codon 302, encoding either arginine (Arg,
CGA) or glutamine (Gln, CAA), was reported. Although the
molecular function of the RAD18 protein came to be
elucidated, the association between the RAD18 Arg302Gin
polymorphism and the risk of human cancer development was
not ‘examined. Therefore, we investigated the relationship
between the polymorphism and the development of human
primary colorectal cancer (CRC). The Arg302Gln poly-
morphism in 100 patients with CRC and 200 healthy controls
were genotyped by the polymerase chain reaction with
confronting two-pair primer (PCR-CTPP) assay. The Gln/Gln
genotype was significantly more frequent in CRC (18.0%)
than in the healthy controls (11.5%) (p=0.046). The increased
risk was detected in CRC patients with the Gln/Gln genotype
(Odds ratio [OR], 2.10; 95% confidence interval [CI], 1.00 to
4.40). When the relationship of the SNP with clinicopatholo-
gical parameters of CRC was investigated, particularly in the
well-differentiated grade and in the lymph node metastasis
(N1) CRC patients, significantly higher risks were detected
(OR, 7.00; 95% CI, 1.19-41.1 and OR, 3.71; 95% CI, 1.30-
10.6, respectively). These results suggested that the RAD18
Arg302GIn polymorphism is associated with the risk of
CRC. This report provides evidence for an association
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between the RAD18 Arg302GIn polymorphism and human
CRC risk.

Introduction

Any DNA damage induced by mutagens, such as UV light and
mutagenic chemicals, must be repaired by DNA repair systems
(1). However, when the DNA repair systems are stalled or
saturated and such DNA damage is therefore not removed
before the onset of DNA replication, single-stranded gaps are
generated. These gaps will be filled by the post-replication
repair (PRR) system. The molecular mechanisms of PRR are
less clearly elucidated in comparison to the other repair path-
ways. The RAD6 pathway is known to be central to PRR (2).
The genes belonging to the RADG epistasis group, such as the
RADS5, RADI18, RAD30, MMS2 and UBCI3 genes, are all
involved in the pathway. Among these gene products, RAD6
and RADI8 are two of the most important proteins and play a
central role in this pathway. RAD6 is a ubiquitin-conjugating
enzyme (E2) in the proteasome protein degradation system
(3-5), RAD6 forms a tight complex with RAD18 (6-8),
which is a single-strand DNA binding protein with a RING-
finger domain (9) and ubiquitin-ligating enzymes (E3).
Although RADG interacts with several E3, the interaction
with RAD18 is essential for carrying out PRR (5,6,10,11).
Since RADG6 interacts tightly with RADI18, although RAD6
does not have any DNA binding activity, it is proposed that
RAD18 recruits RADG to the site of DNA damage via its
physical interaction, where RADG6 and its complex then
modulate stalled DNA replication through their ubiquitin-
conjugating activity. There are reports that the proliferating
cell nuclear antigen (PCNA), a DNA polymerase sliding
clamp that is involved in DNA synthesis and repair, is a
substrate of the ubiquitin-conjugating enzyme and it is
ubiquitinated in a RAD6- and RAD18-dependent manner.
Therefore, the monoubiquitination of PCNA through RAD6
and RADI18 is necessary for carrying out DNA PRR (12-
16). '

It was also reported that RAD18 knockout cells of mouse
embryonic stem cells (17) and of chicken DT40 cells (18) were
hypersensitive to various DNA-damaging agents and showed
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defective PRR. These cells also showed genomic instability
demonstrated by increased rates of the sister chromatid
exchange and integration of the exogenous DNA (17,18).
Therefore, the dysfunction of RADI18 increases the frequency
of homologous recombination and illegitimate recombination
and RAD18 contributes to the maintenance of genomic stabi-
lity through PRR (19). The dysfunction of RADIS is also
thought to lead to the development of cancer (1,20).

The genetic polymorphisms of DNA repair genes were
analyzed to determine the susceptibility to several cancers,
including lung (21,22), colorectal (23}, head and neck (24),
breast (25), bladder cancer (26) and leukemia (27). The RADI8
gene is known to have a single nucleotide polymorphism
(SNP) at codon 302, encoding either arginine (CGA) or
glutamine (CAA), while the function of this SNP and its
molecular mechanism is not clarified. We conducted a pilot
study to see whether the RAD18 Arg302Gin polymorphism
is associated with cancer-incidence and found a significant
correlation with CRC. This report provides evidence for an
association between the RAD18 Arg302Gln polymorphism
and human CRC risk.

Materials and methods

Subjects. We analyzed 100 Japanese patients chosen from
those who were histologically diagnosed as having primary
colorectal cancer and who underwent surgical operation at
Okayama University Hospital (Okayama, Japan) in 1994-2003.
Patients were gathered not only from Okayama but also from
10 other prefectures in Western Japan, mainly the Chugoku
and Shikoku Districts (around Okayama). We confirmed that
all CRC patients have primary colorectal carcinomas by
microscope. Clinical stage and pathological grade in all CRC
patients were confirmed by operation and pathology. The
clinicopathological staging and histological classification were
according to the criteria of the UICC Tumor-Node-Metastasis
Classification of Malignant Tumor (TNM), 6% edition, 2002,
colon and rectum (ICD-O C18-C20). For the controls, each of
the 200 healthy controls we analyzed were selected by
computer-aided randomization; all of which. were from the
subjects of cohort studies on a Japanese general population
>40 years of age in a town near the Saitama Cancer Center.
The residents in this town are neither genetically nor demo-
graphically close, i.e., its population increased because of a
population influx from other areas, with a social increase
rate of about 5% every year for 15 years. Written informed
consent was obtained from all of the cancer patients and
controls concerned. This. study was approved by The Bio-
ethics Committee of Okayama University Medical School. The
characteristics of the 100 CRC patients and the 200 controls
are shown in Table 1. There were no significant differences in
gender and age at recruitment between the CRC patients and
the controls (p=0.05). Pack-year equivalents [(cigarettes/
day/20) x (smoking years)] were used for smoking status (we
could not obtain smoking status for 3 out of the 100 patients).

DNA extraction. The genomic DNA of cancer patients was
isolated from the non-cancerous region of the resected
specimens or from the mononuclear cells of the peripheral
blood by the standard method of proteinase K digestion and

KANZAKI et al: CORRELATION OF THE RAD18-SNP WITH CRC RISK

Table 1. Characteristics of CRC patients and healthy controls.

Patients Controls p-value
n (%) n=100) 0 (%) (n=200)
Gender 0.371
Male 61 (61.0) 133 (66.5)
Female 39 (39.0) 67 (33.5)
Age (years + SD) 65.1x10.1 65.6+9.42
Smoking habit 0.0522
No-smoker 42 (42.0) 63 (31.5)
Smoker 55(55.0) 137 (68.5)
<20 pack-years 14 (25.5) 17 (12.4)
=20 pack-years 40 (72.7) 87 (63.5)
Unknown 1(1.8) 33 (24.1)
Unknown 3.0 0(0.0)

The mean age of each group with a standard deviation is shown. p-values
are for the differences in the number of smokers and non-smokers between
the patients and the controls.

phenolchloroform extraction. The genomic DNA of the healthy
controls was extracted from the peripheral lymphocytes.

Genetic analysis. The RAD18 Arg302GIn polymorphism was
detected by polymerase chain reaction using the confronting
two-pair primer (PCR-CTPP) method (28,29). According to
the published sequence. of the human RADI8 gene, we
designed two sets of paired primers. The first set of primers
was as follows: forward primer 1, 5“ATA CCC ATC ACC
CAT CTT C-3' and reverse primer 1, 5'-GTC TTC TCT ATA
TTT TCG ATT TCT T-3' for the Gln allele amplifying a
146-bp band. The second set of primers was as follows:
forward primer 2, 5TTA ACA GCT GCT GAA ATA GTT
CG-3"-and reverse primer 2, 5'-CTG AAA TAG CCC ATT
AAC ATA CA-3' for the Arg allele amplifying a 106-bp band.
A 206-bp band was designed between the forward primer 1
and the reverse primer 2. The reaction mixture (20 ul)
contained 40 uM of each dNTP, 1X PCR buffer, 8 pmol of the
forward primer 1 and reverse primer 2, 24 pmol of the forward
primer 2 and reverse primer 1, 20 ng of the genomic DNA and
0.5 units of the Taq DNA polymerase (Takara, Kyoto, Japan).
The PCR amplification was initiated by a denaturing step at
94°C for 3 min, followed by 35 cycles at 94°C for 30 sec,
64°C for 1 min, 72°C for 1 min and a final extension step at
72°C for 7 min. For genotyping, the PCR products were
subjected to electrophoresis in 3% agarose gel, stained with
ethidium bromide and then visualized on a UV trans-
illuminator. In order to confirm the allele types, certain PCR
products were processed with the Big Dye terminator Cycle
Sequencing Kit (Applied Biosystems, Foster City, CA, USA),
then analyzed and confirmed on an ABI 3100 sequencer
(Applied Biosystems).

Statistical analysis. We compared the allele frequencies of the
Arg/Gln (CGA/CAA) polymorphism in the RADIS gene
between the healthy control group and the patient groups with
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CRC. The distribution of the RADIS8 genotype (Arg/Arg,
Arg/Gln, Gln/Gln) in all of the patients and the controls was
tested for adherence to the Hardy-Weinberg equilibdum. The
statistical analyses were conducted by the SPSS software
Ver.12.0 (SPSS Inc., Tokyo, Japan). The Chi-square test was
used to compare the genotype distribution between the cancer
patients and the healthy controls. The odds ratio (OR) and 95%
confidence interval (95% CI) were both adjusted for age,
gender and smoking status using an unconditional logistic
regression model. The relationship between the genotype and
the clinicopathological parameters was examined by the Chi-
square test and Fisher's exact probability test. A p-value of
<0.05 was considered to be statistically significant.

Results

Assessment of cancer risk by RADI18 genotyping. The
characteristics of the 100 CRC patients and the 200 heaithy
controls are shown in Table I. There were no significant
differences in gender, age or smoking status between the two
groups. Pack-year equivalents were used for smoking status
(however, we could not obtain the smoking status for 3 out of
the 100 CRC patients).

Fig. 1A shows a representative polymerase chain reaction
with confronting two pair primer (PCR-CTPP) assay patterns
of the Arg/GIn (CGA/CAA) genotypes in the codon 302 of the
RAD18 gene. The allele types were determined as follows: two
fragments of 205- and 106-bp for the Arg/Arg (G/G) genotype,
two fragments of 205- and 146-bp for the Gin/Gln (A/A)
genotype and three fragments of 205-, 146- and 106-bp for the
Arg/Gln (G/A) genotype. We confirmed that each PCR
mixture contained no non-specific bands by electrophoresis in
3% agarose gel. The genotypes were confirmed by the
subsequent sequencing of representative cases (Fig. 1B).

The genotype analysis of this SNP revealed that the geno-
type frequency was significantly different between the
control and patient groups. The frequencies of the three
genotypes in the RADI8 gene are shown in Table II. The
frequencies of the genotypes Arg/Arg, Arg/Gln and Gin/Gln
found were 43.0,45.5 and 11.5% in the controls and 32.0, 50.0
and 18.0% in the CRC patients. All of the results fitted the
Hardy-Weinberg equilibrinm. Compared to the controls with
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Figure 1. The single nucleotide polymorphism of the RADI8 gene at codon
302. (A) The PCR-CTPP patterns of the RAD18 SNP. The PCR product was
electrophoresed in 3% agarose gel. Two fragments of 205- and 106-bp show
the Arg/Arg (G/G) genotype, two fragments of 205- and 146-bp show the
Gln/Gln (A/A) genotype and three fragments of 205-, 146- and 106-bp show
the Arg/Gln (G/A) genotype. The case number and genotypes are shown at the
top and bottom, respectively. (B) DNA sequence patterns of the RAD18 SNP.
Heterozygous signals (G/A) are shown by arrows in the Arg/Gin genotype.

the Arg/Arg genotype, CRC patients with the homozygous
Gln/Gin genotype exhibited the most significantly increased
risk with an odds ratio (OR) of 2.10 (95%CI, 1.00-4.40),
therefore suggesting that the homozygous Gln/Gln (A/A)
genotype has an enhanced risk of CRC development.

The association between the RADIS genotype and clinico-
pathological parameters in CRC patients. When we analyzed
the relationship between the genotype distribution and the
clinicopathological parameters of the CRC patient group, the
well-differentiated grade and lymph node metastasis (N1)
patients with the A/A genotype exhibited a significantly
increased risk with an adjusted OR of 7.00 (95% CI=1.19-
41.1) and 3.71 (95%CI=1.30-10.6), respectively (Table III).
There were no overall differences in genotype distribution
within each parameter using the Chi-square test or the

Table II. The RAD18 genotypes in CRC patients and healthy controls.

RADIS Patients Controls p-value OR'(95% CI)
genotype n (%) n (%)
Arg/Arg 32 (32.0) 86 (43.0) Ref. 1
Arg/Gln 50 (50.0) 91 (45.5) 0.151® 147 (0.87-252)
Gln/Gln 18 (18.0) 23 (11.5) 0.046* 2.10 (1.00-4.40)
Total 100 200
Allele frequencies 0.037

Arg 114 (57.0) 263 (67.8)

Gin 86 (43.0) 137 (34.2)

®p-values are shown against Arg/Arg genotype between patients and controls.
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Table I1I. Association between the RAD18 genotype and clinicopathological parameters of CRC patients.

Genotype (%) OR? (95%CI)
Characteristics Arg/Arg Arg/Gln Gln/Gln Total p-value® Arg/Gln Gln/Glin
Differentiated grade 0.172
Well 2(11.1) 11 (61.1) 51278 18 4.71 (1.00-22.2) 7.00 (1.19-41.1)
Moderate 25 (33.8) 36 (48.6) 13 (17.6) 74 ‘ 1.31 (0.72-2.39) 1.68 (0.72-3.89)
Poor 2 (66.7) 1(33.3) 0(0.0) 3 NE NE
Others 3 (60.0) 2 (40.0) 0(0.0) 5
T 0.007
Tis, T1,T2 0(0.0) 10(71.4) 4 (28.6) 14 NE NE
T3,T4 32(37.2) 40 (46.5) 14 (16.3) 86 1.14 (0.65-2.00) 1.32 (0.58-3.00)
N 0.097
NO 13 (28.9) 24 (53.3) 8(17.8) 45 1.55(0.73-3.31) 1.82 (0.63-5.18)
N1 9(25.0) 18 (50.0) 9(25.0) 36 191 (0.81-4.51) 3.71 (1.30-10.6)
N2 9 (56.3) 7 (43.7) 0(0.0) 16 0.75 (0.27-2.10) NE
Unknown 1(33.3) 1(333) 1(33.3) 3
M 0.622
MO 20 (29.9) 34 (50.7) 13 (19.4) 67 1.59 (0.84-3.01) 2.22 (0.93-5.33)
M1 12 (38.7) 15(48.4) 4(129) 31 1.18 (0.52-2.70) 1.19 (0.35-4,10)
Unknown 00.0) 1(50.0) 1(50.0) 2
TNM stage 0929
01 12 (30.8) 20 (51.3) 7(17.9) 39 1.47 (0.66-3.26) 1.66 (0.55-5.02)
mv 20 (34.5) 28 (48.3) 10(17.2) 58 1.35 (0.71-2.60) 1.84 (0.75-4.53)
Unknown 0(0.0) 2(66.7) 1(33.3) 3

3p-values were calculated by the Chi-square test or the Fisher's exact test. PORs were adjusted for age, gender and smoking status. The Arg/Arg genotype was
defined as the reference. T, primary tumor; N, lymph node metastasis; M, distant metastasis; NE, not estimated. -

<> <+
RING-finger zinc-finger = RADG binding
< >
E3 ubiquitin ligase

Figure 2, The location of the polymorphism and the functional motifs of
RADI8. The SNP (Arg302Gin) is indicated by an arrowhead above the motif.
The motifs of the RAD18 protein are depicted in dark gray and/or by
arrows. The RING-finger, a really interesting new gene domain (AA25-63);
zinc-finger, zinc-finger motif (AA201-223); RAD6 binding, RAD6 binding
domain (AA371-410); E3 ubiquitin ligase, RING-finger-containing E3
ubiquitin-ligase domain (AA16-304). AA No., amino acid number.

Fisher's exact test, while the genotype distribution in the tumor
stages may be biased due to the small sample size.

Discussion

In this study, we examined whether an SNP (Arg302Gln) in

the RADI8 gene is associated with the risk for the development,
progression and metastasis of CRC. We found significant

differences in the genotype distribution between the CRC
patients and the healthy controls. Our findings suggest that
the Gln allele enhance the susceptibility to the development
of CRC (p=0.046, OR=2.10). We also found a significant
association between polymorphism and clinicopathological
features, specifically in differentiated grade and lymph node
metastasis. The Gln allele was detected more frequently in
patients with well-differentiated grade and lymph node
metastasis (N1) (OR=7.00 and 3.71, respectively). These data
also suggest that this SNP may become a prognostic marker.
Our findings suggest an association between the RAD18
Arg302GIn polymorphism and the risk of CRC. No other
studies have found any association between human cancers and
the RAD18 SNPs.

Although the molecular mechanism of the association
between this SNP and cancer development is not yet clarified,
several of the functions and functional domains of RAD18
were revealed. RADIS is one of the most important proteins
involved in the PRR pathway. While a number of proteins
are known to be involved in the PRR pathway and RAD18
interacts with several of these proteins, the interaction with
RADG in particular is essential for carrying out PRR
(5,6,10,11). RAD18 interacts with RAD6 through the RAD6
binding domain in the C-terminal region (Fig. 2). RAD18 has
several other functional domains, such as the RING-finger
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motif (25), zinc-finger motif (30,31) and E3 ubiquitin-ligase
domain. The RING-finger motif, residing in the N-terminal
region and the E3 ubiquitin-ligase domain together confer an
ubiquitin-ligase activity on RAD18. The middle part of
RADI18 contains a zinc-finger motif, which is considered to
mediate protein-to-protein interaction or DNA binding. The
RAD18 Arg302Gln polymorphism is located in the E3
ubiquitin-ligase domain (Fig. 2). Therefore, this SNP may
affect the activity of RAD18, especially the ubiquitin-ligase
activity. It is also possible that this SNP may affect the inter-
action between RADI18 and other proteins involved in PRR
through its structural change, which is generated by the
substitution of one amino acid residue, a basic amino acid
residue (Arg), to a neutral residue (Gln). Considering that the
GiIn/Gln genotype was much more frequently found in the
CRC patients than in the controls, the RAD18 with the Gln
genotype may have decreased PRR activity and consequently
may affect cancer development and progression,

In conclusion, our data provide evidence for an association
between the RAD18 Arg302Gln polymorphism and the risk for
the development and progression of CRC. It is possible that
this polymorphism may influence susceptibility to a varjety of
human cancers through incomplete PRR. Further study with
sufficiently larger populations and functional analysis of this
polymorphism is needed in order to clarify this issue. Although
the sample size we analyzed was small, the findings of this
study are statistically significant. We expect that this study may
contribute to the development of a novel strategy for the early
diagnosis and prevention of CRC.
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Abstract

The derivatives of reactive oxygen metabolites (D-ROM) test has been developed to determine the amount of oxygen-centered
free radicals in a blood sample as a marker of oxidative stress. This study aims to improve the D-ROM test and develop an automated
assay. system by use of a clinical chemistry analyzer. Five microliters of serum was added to | well of a 96-well microtiter plate
for a total 240wl of reaction solution containing alkylamine and metals. This was followed by automatic mixing, incubation and
measurement of reactive oxygen species (ROS) levels as a color development at 505 nm using a spectrophotometer with catalytic
capability for transition metals. This assay system was used to measure serum levels of ROS in cigarette smokers and never-smokers,
by way of example. The levels of serum ROS determined by this system correlate with the amounts of free radicals and peroxides,
which reacted with various molecules in the body and formed stable metabolites. This test can use frozen sera as well as fresh ones.
The inter=and intra-deviation of this system was within 5% and showed consistent linearity in the range between 4 and 500 mg/1 of
hydrogen peroxides. Serum ROS levels among smokers increased with the number of cigarettes smoked per day (36.5% increment
per pack per day; P<0.0001). This assay. systern will be a simple, inexpensive, and reliable tool for assessing oxidative stress in
human populations. Our preliminary results on crgarette smokmg imply that this assay system has potential for application in various
epidemiological and clinical seftings.
© 2007 Elsevier B.V. All rights reserved.

Keywords: -Reactive oxygen species; Reactive oxygen metabolites; Free radical; Smoking

1. Introduction v reactive oxygen species, ROS; and nitrogen oxides) may
o exert on. health. Excessive production of free radicals,

There is increasing concern about the deleterious specifically ROS; has been reported to have an'associa-
effects that endogenously produced free radicals (i.e., tion with a wide variety of clinical disorders, including

cardiovascular disease; diabetes; and cancer [1-3].ROS

is produced in normal biological processes in the cells

* Corresponding author. Tel.: +81 82 261 3131; by"means'.o f euzher enzymatic ornor.l-enzymancmg?h—
fax: +81 82 261 3710. anisms. Biologically relevant ROS include superoxide
E-muil uddress: tomo@rerf.or.jp (T. Hayashi). radical ‘anion (O3* ™), hydroxyl radicals- (*OH), hydro-
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gen peroxide (H20,), alkoxy radicals (RO*®), and peroxy
radicals (ROO?*), as well as singlet oxygen (o). It
is widely accepted that ROS play both beneficial and
adverse roles in an organism.

Free radicals are highly reactive molecules with a
very short half-life. They can be measured directly
by an electron spin resonance (ESR) spectrometer [4],
or indirectly by an ESR spectrometer coupled with a
spin-trapping method [5-8]. However, the technique of
ESR spectroscopy requires extremely intricate and costly
instruments, For these reasons, a simple method was
recently developed to determine serum ROS levels: the
derivatives of reactive oxygen metabolites (D-ROM) test
[9], which is now recognized as an efficient method for
evaluating oxidative stress in the body [10-15]. It has
been reported that serum ROS levels in patients with
ROS-related diseases, such as cancer, cardiovascular dis-
ease, and diabetes are higher than those in healthy people
[16-18]. The microplate assay system was also devel-
oped for measurement of oxidative stress levels in pigs
and birds [19-21]. However, these systems still need to
be improved for routine measurements of ROS levels in
a large number of serum samples at clinical laboratories.
Precise measurement of ROS levels requires a series of
complicated procedures that are often difficult to achieve
at laboratories, especially when measuring a large num-
ber of samples. On the basis of the principle of the
D-ROM test, we have developed an improved assay sys-
tem that allows high-throughput and automated analysis
of numerous serum samples with high reproducibil-
ity, consistent accuracy, and much smaller amounts of
sera and reagents than with the conventional D-ROM
test.

The reaction of this system:

R-O0H + Fe?t =5 R-0* + Fe** +OH or
R—OOH + Fe’t — R—00° + Fe?* + H' or
R—O°* + [Fe=0)** +H™.

R—0° orR—00* + A—NH, - ,
= R—0" orR=00~ +[A—NH,*]* (coloured) -

R—-OOH, R-0*, R—00°*, and A—NH, are: generic
peroxide, the alkoxyl radical of a generic peroxide,
the peroxyl radical of a generic peroxide, and N,N-
diethyl-para-phenylendiamine (chromogenic substrate),
respectively. [A—NH>*]* is the coloured radical cation
of the chromogenic substrate.

In this paper, the usefulness of the new assay system is
demonstrated by assessing the effects of cigarette smok-
ing on oxidative status in terms of serum ROS levels.

2. Materials and methods
2.1. Reagents

N.N-diethyl-para-phenylendiamine (DEPPD) sulfate and
ferrous sulfate were purchased from Sigma Chemicals (St.
Louis, MO, USA). Hydrogen peroxide was obtained from
Wako Chemicals (Osaka, Japan). All other chemicals were
commercially available. DEPPD was dissolved in 0.1 M
sodium acetate buffer (pH 4.8) to attain a final concentration
of 100 pg/ml (R, solution as a chromogen), and ferrous sulfate
was dissolved in 0.1 M sodium acetate buffer (pH 4.8) to attain
a final concentration of 4.37 uM (R, solution as a transition-
metal ion). Hydrogen peroxide solution, attenuated to specified
concentrations, was used as standard solution for generating a
calibration curve. To process the reaction, 96-well microtiter
plates (Nalge Nunc International, USA) were used. The Spec-
tra Max Plus (Molecular Device Corp., USA) was used as a
spectrophotometric plate reader.

2.2, Total ROS assay system with 96-well microtiter plate

Five microliters of either hydrogen peroxide standard solu-
tion (for generating a calibration curve) or serum was added
to 140 ul of 0.1 M sodium acetate buffer (pH 4.8) in 1 well
of a 96-well microtiter plate, which reached a temperature of
37°C after 5 min. One hundred microliters of the mixed solu-
tion, which was prepared from R; and R, at a ratio of 1:25
before use, was added to each well as a starter. Then, after pre-
incubation at 37 °C for 1 min using a spectrophotometric plate
reader, absorbance at 505 nm was measured for a fixed time
(between 60 and 180s) at 15-s intervals. A calibration curve
was automatically constructed from the slopes, which were
calculated based on varying (delta) absorbance at 505 nm each
time (min) corresponding to the concentration of hydrogen per-
oxide: ROS levels in serum were calculated by the analyzer
(spectrophotometric plate reader) from the calibration curve,
and expressed- as equivalent to levels of hydrogen peroxnde
(1 unit= 1.0 mg H,0,/1).

The serum ROS levels determined by this assay system
were compared with- those measured by the conventional D-
ROM test; using the FRAS 3 (IRAM SRL; Italy). In brief,
20l serum and 1.2 ml buffered solution (R, reagent) were
mixedina cuvette, and 20 I chromogen substrate (R, reagent)
was added to the cuvette. After shaking to mix, the cuvette was
centrifuged for 1 min at 37 °C and incubated for 5 min at 37°C.
Absorbance increase at 505 nm was monitored for 3 min.

2.3. Subjecis

This study examined serum ROS levels in a total of 252
healthy male workers. Of them, 212 subjects were current
smokers who were. participating in a stop smoking program
conducted by Osaka Cancer Prevention and Detection Center
in Osaka, Japan, in.1997-2000 [22]. All subjects were free
from relevant inflammation-related diseases, such as myocar-
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dial infarction and infectious diseases, which are the greatest
confounding factors to study the effect of cigarette smoking
on ROS levels. Their sera were collected at the time of enter-
ing the program (before intervention); age ranged from 20 to
60 years (mean=£S.D., 37.9 £ 10.1 years), and numbers of
smokers by cigarette consumption were 35, 86, 56, and 35 for
<20, 20-29, 30-39, and =50 cigarettes per day, respectively.
Forty male never-smokers as in-house controls were recruited
from the staff of Saitama Cancer Center Research Institute
and Radiation Effects Research Foundation. All subjects gave
informed consent for use of their serum samples. All samples
were unlinkably anonymized and stored at —80 °C.,

2.4. Statistics

The two-tailed independent-samples t-test was used in com-
paring serum ROS levels of smoker and never-smoker groups:
differences in ROS levels were considered to be significant at
P<0.05. We examined the association between serum ROS
levels and daily cigarette consumption using ANOVA of uni-
variate, and we assessed the effects of cigarette smoking and
aging on serum ROS levels by linear regression analysis based
on the log of ROS level, adjusting for age and cigarette con-
sumption. “SPSS for Windows” program (version 11.5) was
used for statistical analyses.

3. Results.

In 1 -well (5 pl serum) of a 96-well microtiter plate,
instead of the cuvette (20 wl serum, 1.2 ml R, reagent,
and 20 ul Ry reagent) used in the conventional D-
ROM test, the reaction was automatically processed
and monitored using a spectrophotometric plate reader.
Absorbance at 505 nm was measured at [5-s_intervals
with 10 different concentrations of hydrogen peroxide
standard solution (50,-100,.150, 200, 250, 300,350, 400,
. 450, and 500mg/l) and 1 blank solution. As shown in
Fig. 1A, optical density (OD) of each solution increased
with time; and the slope was directly related to the initial
concentration of hydrogen peroxide. A calibration curve
for the standard solution was developed by calculat-
ing slopes (absorbance increase at 505 nm/min x 1000)
(Fig. 1B). The level of ROS was expressed using an arbi-
trary unit: one unit corresponds to 1 mg/l HyO2. The
calibration curve for hydrogen peroxides was linear up
to 500 units.

Detection limit of the method was obtained as four
units from the analysis in Fig. 2: At this concentration,
mean — 3(S.D.) of ROS level (2.19) was higher than
mean + 3(S.D.) of the level (1.15) at zero.

Stability of measurement was demonstrated for two
serum samples, which were diluted with various ratios:
a simple linearity was observed between ROS levels and
dilution ratios (Fig. 3):

0.401 (A)
0.351

0.301
0.251
0.201

0.15 J,;pi

0.10 1

OD at 505 nm

LY

0.051

0 60 120 180 240 300 360

Time (secs)

B)

70 4

Slope

0 100 200 300 400 500
Total ROS (units)

Fig. |. Real-time measurement and calibration curve in the total ROS
assay system. (A) Real-time measurement of seven different concen-
trations of standard sample ((W) blank, (O ) 50, (a) 100, (¥) 150,
(<) 200, (») 250, (#) 300, (@ ) 350, (@ ) 400, (») 450, and (@)
500 units, respectively) and (B) calibration curve by hydrogen perox-
ide standard sample. Slope was calculated by [absorbance increase at
505 nm/min x 1000].

With regard to within-run reproducibility, serum sam-
ples with three different ROS levels were measured 12
times, resulting in very small coefficients of variation
(CV), ranging from 2.4 to 2.7% (Table 1). The same
samples were measured on five consecutive days for esti-
mation of between-day reproducibility: CV ranged from
3.2t0 4.3% (Table 1).

The proposed assay system was applied to measure
serum ROS levels, and the values of serum ROS were
compared with those measured by the conventional D-
ROM test. A good agreement in serum ROS levels among
randomly selected 100 samples between these two meth-
ods was found in Fig. 4 with a high correlation coefficient
of 0.94 (P <0.0001).
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Fig. 3. Dilution linearity in the total ROS assay system. Serum samples
from two healthy donors were diluted in a 10-phase process.

Table 1
Within-ran and between-day precision 7
Sample A Sample B Sample C
Within-rin precision®
Mean (units) 105.5 1632 . 2203
S$.D. 2.7 15 54
CV (%) 25 2.7 24
Between-day precision®
Mean (unifs) 100.0 161.1 225.1
$.D. 43 69 7.1
CV (%) 4.3 43 32

* Measured 12 times in a day.
b Measured at 5-day intervals.

4004
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g 200 P<0.0001
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0 1068 200 300 400
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Fig. 4. Comparison of total ROS assay system with 96-well plate and
D-ROM test performed using by FRAS (correlation coefficient 0.94,
P <0.0001, n=100),

Next, the usefulness of this assay is demonstrated
by way of example—assessing the effect of cigarette
smoking on oxidative status in terms of serum ROS
levels—since cigarette smoking is known to be the
most potent factor relevant to increased oxidative stress
in the body [23-28]. We measured serum ROS levels
among 212 smokers and 40 never-smokers. The mean
(£S.D.) ROS level among smokers, 211,64 73.1 units
was significantly higher than that among never-smokers
(113.3£24.0; P <0.0001). Among smokers, serum ROS
levels were found to increase with increased daily con-
sumption of cigarettes (Fig. 5; P <0.0001 for trend). In
addition, the percentage increment of serum ROS level
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Fig. 3. Serum ROS levels by daily consumption of cigatettes. Exam-
ined were 40 peversmokers, and 35, 86, 56, and 35 carrent smokers
with <20, 20-29, 30-39, and =40 cigarettes consumed per day, respec-
tively. P <0.0001 for trend.
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Table 2

Percent increase of total ROS by age and smoking

Variables . Percent increment® (95% confidence interval) B P
Aging per 10-year 6.6 (2.5-10.7) 0.17 0.002
Cigarettes per pack per day 36.5 (28.6-44.9) 0.54 <0.0001

2 Estimated by linear regression analysis.
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Fig. 6. Serum ROS levels by age and smoking status. Smokers (@) and
never-smokers (). Solid and dotted lines indicate regression lines for
smokers and never-smokers, respectively.

per pack per day was 36.5% (95% confidence interval
(CI), 28.6-44.9%; P <0.0001), adjusting for age. Aging
was also.associated with increased serum ROS. levels
(6.6% increase/ 10-year, 95%CI: 2.5-10.7%; P <0.002).
It is evident in Fig. 6 that serum ROS levels among
smokers were higher than those among never-smokers
in all age groups, and that aging-associated increase of
serum ROS levels among smokers is apparently steeper
than that among never-smokers. Multivariate analysis
revealed that the effect of smoking one pack per day
on'serum ROS levels was greater than that of 10-year
aging (Table 2).

4. Discussion

Free radicals react with various molecules in the body,
resulting in the production of stable ROS metabolites
(e.g., lipid peroxide, DNA adduct). This assay system
measured the total amount of the ROS in sera, a figure
derived from various ROS metabolites formed recently
and ‘therefore thought to be a more stable marker for
oxidative stress than other markers for momentary oxida-
tive stress. Although the D-ROM test and microplate
assay system for measurement of oxidative stress have
been promoted as a useful approach for evaluation of
ROS metabolites [10-15,19-21], clinical laboratories

often require the routine measurement of ROS for a
large number of serum samples, using a small sample
volume and taking a shorter time. Thus, to improve its
clinical usefulness, this automated assay system using
a clinical chemical analyzer was developed. Here, we
reported on a new assay system based upon modification
of the conventional D-ROM test for automated measure-
ments of ROS levels in serum. This new assay system
can be performed with a conventional spectrophotomet-
ric plate reader according to kinetic analysis. Our data
provided evidence that this assay system is a simple, reli-
able, high-throughput, and cost-effective method for the
quantitative evaluation of oxidative stress, with accept-
able stability and minimal imprecision. Specifically,
this assay was shown to be applicable for measuring
serum ROS levels of numerous samples with high repro-
ducibility, requiring 5 min or less for measurement of 96
samples with 5 ul volume per sample. In contrast, the
conventional D-ROM test takes 9 min or more for mea-
surement of one sample with 20 pl volume required for
a single measurement {9-15]. The microplate assay sys-
tem requires 35-75 min for measurement of samples on
a plate [19-21]. We examined the correlation between
the conventional D-ROM test and our improved method
using the same serum samples; a good agreement was
found between these two methods. However, since the
microplate assay system depends on the Fenton reaction
with: iron ions in the serum functioning as the catalyst,
measurable samples are limited because of hemoglobin
concentration in the serum [19-21]. Our method is dif-
ferent from the above method in that iron is added for
enhancement of the Fenton reaction, absorbance can be
automatically measured over time, and total ROS level
can be measured from the slope of change in absorbance
over time. Thus,-this new system is superior in terms
of simplicity and high-throughput, with no limitation in
measurement samples due to hemoglobin concentration,
compared with conventional systems. To summarize, the
advantages of the newly developed system compared
with the conventional one are shorter time consumed for
the assay, smaller amounts of serum samples required for
the assay, and an increased number of samples measured
at once.

Cigarette smoke is known to increase production of
oxygen free radicals by polymorph nuclear leukocytes
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[29-31], and to decrease the activity levels of some free
radical scavengers [32-35]. We found a significant corre-
lation between serum ROS levels and daily consumption
of cigarettes using this assay system. Thus, the assay sys-
tern might enable us to estimate the deleterious effects
of various risk factors of lifestyle-associated diseases on
serum or plasma ROS levels among individuals, thereby
contributing to risk estimates in epidemiology studies.
We also anticipate that this assay will be useful as a
surrogate biomarker in intervention studies to evaluate
the efficacy of preventive measures, as well for clinical
diagnosis of inflammation-associated diseases.
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Abstract

Long-term estrogen deprivation (LTED) MCF-7 cells showing estrogen-independent growth, express estrogen receptor (ER) « at a much
higher level than wild-type MCF-7 cells. Enhanced expression of ERo associated with partial localization of ER« to the plasma membranes
in LTED cells is thought to be an important step for acquisition of estrogen-ablation resistance. In this study, we compared the regulation of
ER« gene expression between wild type and LTED cells, examining the usage of the promoters A and C as well as their methylation status. We
found that transcription from the promoter C was drastically enhanced in LTED cells; compared with that in wild-type cells, Furthermore, the
promoter C region was highly unmethylated in LTED cells, but partially methylated in wild-type cells. Our findings imply that demethylation
of promoter C region in the ERa gene is in part responsible for the enhanced expression of ERa gene in LTED cells.

© 2007 Elsevier Ltd. All rights reserved.

Keywords: Estrogen receptor o; Breast cancer; Methylation

1. Introduction

Experimental, clinical, and epidemiologic data suggest
that estrogens contribute to'the development of breast cancer.
Estrogens bind to ERa or Band stimulate: the transcrip-
tion of target genes -involved in cell proliferation. Thus, the
anti-estrogen therapy such as‘tamoxifen has been generally
used for ERa-positive breast cancer for several decades.
Recently, clinical trials in the adjuvant, neoadjuvant and
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demiology, Radiation Effects Research Foundation, 5-2, Hijiyama-park,
Minami-ku, Hiroshima 732-0815, Japan. Tel.: +81 82261 3169;
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“E-mail address: eguchi@rerf.or.jp (H. Eguchi).

0960-0760/$ - see front matter © 2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.jsbmb.2006.12.104

advanced disease setting have demonstrated a greater clini-
cal efficacy of the aromatase inhibitors aiming to decrease the
concentration of estrogen, compared with selective estrogen
receptor modulators Tepresented by tamoxifen-[1,2]. On the
other hand, clinical observations suggested that some himan
breast cancers adapted to hormone-ablative therapy involving
surgically deprivation of estrogen production. Hormone-
dependent breast cancers often régress in response to surgical
removal of the ovaries; a treatment which lower circulating
plasma estradiol (E2) from approximately 200-15 pg/ml [3].
In response to this acute deprivation of E2, tumors regress
for 1218 months-on average before they begin to regrow.
Second-line therapy with surgical oophorectomy or with aro-
matase inhibitors can then induce additional tumor regression
by lowering E2 concentrations further to 1--5 pg/ml [4]. These
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observations for the first time demonstrated enhanced sensi-
tivity to circulating E2.

In order to demonstrate the phenomenon of adaptive
hypersensitivity and to determine the mechanisms involved,
we have established a model system involving MCF-7 human
breast cancer cells in vifro. Wild-type MCF-7 cells were
cultured over a prolonged period in estrogen-free medium
to mimic the effect of ablative endocrine therapy such as
induced by surgical oophorectomy [5]. This process involves
long-term E2 deprivation; the adapted cells are called LTED
cells. When LTED cells were cultured in the presence of E2
for 4 months, the cells showed estrogen-dependent growth as
was observed for wild-type MCF-7 cells [5].

Importantly, ERa is expressed at a much higher level in
LTED cells than in wild-type MCF-7 cells [6]. In concert with
this observation, an elevated basal ER transactivation activity
(mean increase; 5-fold) was measured in LTED cells com-
pared with the wild-type cells using pERE-tk-CAT, areporter
genedriven by estrogen responsive element-thymidine kinase
promoter [6].

In addition to the established role as a nuclear receptor,
ERa may have another function on the plasma membrane.
In LTED cells, ERa localizes predominantly to the nuclei
and some also present on the plasma membranes [7]. The
sub-cellular localization of ERa to the plasma membranes
in LTED cells may, at least in part, be due to the enhanced
expression of ERa in LTED cells, since plasma membrane-
associated ERa can only be observed in ERa-enriched
MCE-7 sub-cell lines (mERM8") but not ERa-depleted ones
(mERa!%%) [8]. Constitutively activated MAP kinase activity
was. observed in LTED cells independent of serum factors
[9]. A rapid physical interaction of the plasma membrane-
associated ERa and an adaptor protein Shc has been observed
upon addition of E2 [7]; She is subsequently phosphorylated
and triggers the MAP kinase signaling pathway [10,11].

Thus, when ERa works as a transcription factor in the
nuclei and also as a signal transducer on the plasma mem-
branes, typically in LTED cells, enhanced expression of ERa
may be an obligatory step for acquisition of estrogen-ablation
resistance. Though, the mechanisms how ERa expresses at
high level in LTED cells still remain unknown:

Several human ER« gene promoters (A—F) are identified
so far [12]. These promoters are differently utilized in a tissue-
and cell-dependent manner [ 13—15]. Among these promoters,
we previously demonstrated that the transcript from promoter
A was constitutively used in both normal and cancerous mam-
mary tissue, while the transcript from promoter C (formerly
called promoter B) showed remarkable correlation to the ERa
protein levels in ERa-positive breast cancer [16]. Further-
more, we have identified a cis-acting element, ERBF-1, that
plays an important role in the expression of the ERa gene
transcribed from promoter C in breast cancer cells [17]. On
the other hand, a transcription factor ERF-1, a member of
AP2 transcription factor, is important for the transcriptional
regulation of promoter A [18,19]. In addition, methylation of
the promoter A and C regions was critical for the repression

of gene transcription from these promoters [20]. Collectively,
methylation of these promoter regions as well as alteration of
critical transcription factors are thought to be tmportant for
ERa gene expression in breast cancer cells.

In this study, we examined regulation of ER« gene expres-
sion in wild-type MCF-7 and LTED cells. We first found that
transcription from the promoter C was drastically enhanced in
LTED cells, compared with that in the wild-type cells. Tran-
sient transfection with a reporter gene driven by the promoter
A or promoter C of ERa gene revealed that transcription fac-
tors are equally available in these cells. Second, differences
in epigenetic alterations of promoter C were found between
LTED and wild-type cells: The promoter C region was highly
unmethylated in LTED cells, while that in wild-type cells was
partially methylated. Our findings imply that demethylation
of promoter C region in the ERa gene is in part responsible
for the enhanced expression of ERa gene in LTED cells.

2. Materials and methods
2.1. Tissue culture

Human breast cancer cells wild-type MCF-7 were
maintained in improved MEM (IMEM) containing 5%
dextran-coated charcoal-stripped fetal bovine serum (DCC-
FBS) and 10nM E2. LTED cells were established by
long-term culture of wild-type MCF-7 cells in IMEM con-
taining 5% DCC-FBS. The established LTED cells were
stored in liquid nitrogen until use. LTED cells were main-
tained in IMEM containing 5% DCC-FBS.

2.2. -Plasmid

Reporter plasmids pGL3-ProA 1.3K and pGL3-ProC (for-
merly called pGL3-ProB1.4K) were described previously
[20]. An internal control pRL-TK was purchased from
Promega (Madison, WI).

2.3. RNA extraction and cDNA synthesis

Total RNA was prepared from wild type and LTED cells
using RNeasy Mini kit (QIAGEN, Hilden, Germany). One j1g
of total RNA was reverse transcribed with Quantitect Reverse
Transcription (QIAGEN) using RT primer mix as primers in
a final volume of 20 pl at 42 °C for 15 min. .

2.4. Real-time PCR analysis of ERe mRNA expression

The real-time PCR was performed in triplicate using
iCycler iQ (Bio-Rad Laboratories, Hercules, CA). Reaction
mixture consisted of 1 pl of cDNA products, 0.2 uM of each
primers and 12.5 pl of SYBR Green ROX Mix (ABgene,
Epsom, UK) in a total volume of 25 pl. PCR thermal con-
ditions were as following: 95 °C for 15 min for 1 cycle and
95°C for 205, 60°C for 15s, 72°C for 10s, and 86 °C for
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15 s (fluorescent signal collection) for 50 cycles for detection
of ERa mRNA from promoters A and C; 95 °C for 15 min for
1 cycle and 94 °C for 15, 68 °C for 30s, and 86 °C for 155
(fluorescent signal collection) for 50 cycles for detection of
total ERe mRNA. The following primers were used: PROAI,
5'-ACC TCG GGC TGT GCT CTT-3' and PRODW, 5'-GAG
GGT CAT GGT CAT GGT-3' for ERae mRNA from promoter
A; PROB3, 5'-GCC CAG GAA CAT TTC TGG AA-3 and
PRODW for ERa mRNA from promoter C; EREX1, 5'-AGA
ACG AGC CCA GCG GCT AC-3 and EREX2-R, 5'-CCT
TGC AGC CCT CAC AGG AC-3 for total ERec mRNA.
For construction of standard curves, serially diluted plasmids
harboring fragment of target gene sequences were used after
digestion with Not I restriction enzyme to release the insert
fragments. As a control, B-actin mRNA was also measured
as described previously [21].

2.5. Transient transfection assays

A transient transfection of the plasmids was performed in
triplicate using SuperFect Transfection Reagent (QIAGEN)
under manufacturer’s instruction. Briefly, 1 x 10° cells were
plated onto 24 wells plastic dish. After over night culture,
1 pg of pGL3-ProAl.3K or pGL3-ProC and 0.1 pg of
pRL-TK were mixed with 5 pl of the SuperFect Transfection
Reagent in 350 pl of the medium with 5% DCC-FBS and
subjected to transfection. After 2h incubation, the medium
was replaced with a fresh medium and cells were incubated
for 48 h. Then, cells were collected and lysed using Passive
Lysis Buffer (Promega). Luciferase assays were performed
using Dual-Luciferase Reporter Assay System (Promega)
and -TD-20/20 Luminometer (TURNER: DESIGNS,
CA).

2.6.: Bisulfite modification and methylation-specific PCR
Total DNA: was extracted from wild type and LTED cells

using NucleoSpin- Tissue (MACHEREY-NAGEL, Diiren,
Germany). DNA was subjected to bisulfite conversion using

Table 1
Primers used for the methylation-specific PCR

EZ DNA Methylation kit (ZYMO Research, Orange, CA)
according to the manufacture’s instruction, essentially based
on the report by Herman et al. [22]. Briefly, after denatura-
tion with NaOH, 500 ng of DNA was incubated in a buffer
containing sodium bisulfite at 50°C for 16h, followed by
purification using ZYMO-Spin I column. Bisulfite-converted
DNA was eluted in 10 pl of M-Elution buffer. First PCR
amplification aiming to amplify bisulfite-converted DNA
fragments was performed in 20 pl of reaction mixture con-
taining 1 pl of bisulfite-treated genomic DNA, 0.5 uM each
primers, 0.2 mM dNTPs, 2.5mM MgCl; and 1.25 units of
AmpliTaq Gold DNA polymerase (Applied Biosystem, Fos-
ter, CA) under the following conditions: 95 °C for 5 min for
1cycleand 95°Cfor 155, 54 °Cfor 15 s, and 72 °C for 1 min
for 35 cycles. Second PCR amplification using methylation-
or unmethylation-specific primers was performed in 20 .l of
reaction mixture containing 1 pl of first PCR product (1/100
diluted with MilliQ water), 0.5 uM each primers, 0.2 mM
dNTPs, 2.5 mM MgCl; and 1.25 units of AmpliTaq Gold
DNA polymerase under the following conditions: 95 °C for
S5min for 1 cycle and 95°C for 155, 57 °C (methylation)
or 54 °C (unmethylation) for 30s, and 72 °C for 20's for 35
cycles. The amplified fragments were electrophoresed to 8%
polyacrylamide gel. All the primers used for this methyla-
tion analysis were designed using MethPrimer [23]. Primers
used for the first PCR and second PCR are summarized in
Table 1.

For quantification, real-time PCR amplification was per-
formed in 25 pl of reaction mixture containing 1 pl of the
first PCR product {1/100 diluted with MilliQ water), 0.2 uM
each primers and 12.5 pl of SYBR Green Rox Mix accord-
ing to the manufacturer’s protocol using iCycler iQ under the
following conditions: 95 °C for 15 min for 1 cycle and 95 °C
for 15, 57 °C (methyl) or 54 °C (unmethyl) for 15s, 72°C
for 155, and fluorescent signal collection at 77 °C (methyl)
or 76°C (anmethyl) for 20s for 40 cycles. The assay was
conducted in triplicate and repeated for three times. For con-
struction of a standard corve, serially diluted control PCR
fragments were used.

Promoter PCR  Specification Primer name Primer sequence Annealing temperature (°C)
A 1st Bisulfite conversion specific  ERPROABSF  5-TTAATGTTAGGGTAAGGTAATAGTTTT-3 54
ERPROABSR  5-AACCACCTAAAAAAAAAACACAA-Y
2nd Methylation specific ERPROAMIF  5-AGTTTAGGAGTTGGCGGAGGGC-3 60
ERPROAMIR  ¥-CCGAAATTAAAAACGACGCAACG-3
Unmethylation specific ERPROAUIF  5-GGGAGTTTAGGAGTTGGTGGAGGGT-3 60
ERPROAUIR  5-ACCCAAAATTAAAAACAACACAACACA-Y
c Ist Bisulfite conversion specific. ERPROCBSF  5-AGTAGATAGTAAGTTTITTITTATTTITI-3 54
ERPROCBSR  5-AAAAACAACCAATAAACAAAA-Y
2nd - Methylation specific BRPROCMIF  5-TTTTTTATTGTTATTTATTTAGCGT-3' 57
ERPROCMIR  5-AAAACACTTAACAACCCCTCCCGAC-3
Unmethylation specific ERPROCUIF  5-TATTTTTTATTGTTATTTATTTAGTGT-3 54
ERPROCUIR  5-AAACACTTAACAACCCCTCCCAAC-3
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2.7. Bisulfite-sequencing and combined bisulfite
restriction analysis (COBRA)

PCR amplification of ERa promoter C region using
bisulfite-converted DNA fragments was performed as
described above except for the cycle numbers to be 50.
The amplified fragments were purified using NucleoSpin
Extract II kit MACHEREY-NAGEL). Direct sequencing of
the fragments was conducted using ERPROCBSF as a primer,
BigDye Terminators v1.1 Cycle Sequencing Kit and ABI
PRISM 310 Genetic Analyzer (Applied Biosystems, Foster
City, CA). For COBRA, 5 pl of purified DNA fragment was
digested in a total volume of 20 pl using 5 units of Hpy188II1
restriction enzyme (New England BioLabs, Ipswich, MA)
that cleave CpG sites retained because of methylation at 37 °C
for 4h. The resultant DNA fragments together with undi-
gested ones were electrophoresed onto 8% polyacrylamide
gel. After staining with ethidium bromide, the image was
visualized under UV illumination. Intensity of the fluores-
cence of each band was quantified using ChemImager 5500
(Alpha Innotech, San Leandro, CA).

2.8. Statistical analysis

Student’s f-test was conducted for statistical analysis.
When necessary, the t-test was modified to all for unequal
variances. P-values less than 0.05 were considered as signif-
icant,

3. Results

3.1. Expression levels of ERo mRNA in wild-type and
LTED cells

We previously demonstrated that ERa protein and mRNA
were expressed at higher levels'in LTED cells than in wild-
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Fig. 1. Relative expression of total ERe mRNA in wild type and LTED
cells. Real-time RT-PCR was conducted for quantification of total ERa and
B-actin mRNA as described in Section 2. Expression levels of total ERa
mRNA were normalized using B-actin mRNA.

type cells using Western and Northern blot analyses [6].
As a first step, we conducted real-time PCR analysis to
quantitatively evaluate ERoc mRINA expression in wild-type
and LTED cells: LTED cells showed 27-fold total ER«a
mRNA expression levels as compared with wild-type cells
did (P =0.004) (Fig. 1).

Since an increase of ERe mRNA from promoter C was
responsible for the enhanced expression of ERa protein in
ERa-positive primary breast cancer and since promoter A
was constitutively utilized in both normal and cancerous
mammary tissue [16], we next compared ERo. mRNA expres-
sion levels transcribed from these promoters A and C between
wild-type and LTED cells using real-time PCR (Fig. 2). ERa
mRNA from promoter A in LTED cells was 35-fold higher
than thatin wild-type cells (P =0.0007) (Fig. 2). Furthermore,
ERa mRNA expression level from promoter C in LTED was
149-fold higher than that in wild-type cells (P = 0.01) (Fig. 2).
In wild-type cells, promoter A was dominant while promot-
ers A and C were equally utilized in LTED cells (Fig. 2).
These results indicate that reinforced utilization of promoter
C in LTED cells as compared with wild-type cells may be
important for the enhanced expression of ERa in LTED cells.

3.2. Transient transfection of reporter gene constructs
with ERx gene promoters

The cis- and trans-acting factors are thought to generate
differences in transcription activity on various promoters. We
first tested the possibility that alterations of transcription fac-
tors may generate an increased level of ERa expression in
LTED cells, compared with wild-type cells. We then mea-
sured the promoter activities in wild type and LTED celis
using reporter gene constructs driven by ERa promoters
A and C. No significant differences in promoter activities
between wild-type and LTED cells were observed for these
two promoters (P =0.3 and 0.1 for promoters A and C, respec-
tively, Fig. 3), suggesting that trans-acting factors specific to
promoters A and C are not responsible for the different uti-
lization of ERo promoters A and C between wild-type and
LTED cells.

3.3. Different methylation status of ERa gene promoters
in wild-type and LTED cells

‘We next hypothesized that alternations of higher order
chromatin structure caused by DNA methylation may con-
tribute to the expression level of ER« in these cells. Then,
we compared methylation status of ERa gene promoters
A and C in wild-type and LTED cells by methylation-
specific PCR. Promoter A of ERa gene was unmethylated
in both wild-type and LTED cells (Fig. 4). On the other
hand, promoter C of ERa gene showed partial methylation
in wild-type cells (Fig. 4), in good agreement with our pre-
vious report [20]. In LTED cells, the unmethylated band for
promoter C was clearly observed, while the methylated one
was considerably weaker (Fig. 4), in accordance with our
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