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« Fig. 1 Map of the 5'-flanking region of REIC/Dkk-3 and the bisulfite

genomic DNA sequence. Upper figure demonstrates the promoter
region of REIC/Dkk-3. Gray bars indicate exons, and the bent arrow
indicates the transcription start site (TSS) (+1). Thin vertical lines on the
horizontal line indicate the sites of CpG dinucleotides. Arrow heads
indicate the restriction sites of BstUI. COBRA primer sets are indicated
by pairs of bold arrows. Dark gray bar under the COBRA primer sets
indicates RRCOBRA. Methylation status of individual subcloned DNA
fragments of each cell line is shown below. Each circle represents a
CpG dinucleotide in 5'-flanking region of REIC/Dkk-3 (for —213 to
+205 nt). The numbers at the top indicate the CpG dinucleotide in the
RRCOBRA (from 5’ to 3’). These numbers correspond to those depict-
ed in upper figures. Open circle represents non-methylated CpG dinu-
cleotide. Black circle represents methylated CpG dinucleotide

cell lines (MDA-MB-231) with 5-aza-2'-deoxycytidine
(5-Aza-CdR) at the concentration of 5 and 8 uM for 6 days
with medium changes on days 1, 3, and 5. Treated and
untreated cells from individual triplicate flasks were har-
vested on day 6 to determine the REIC/Dkk-3 type-a
expression using RT-PCR.

ER, PgR, and HER?2 status in primary breast cancers

Estrogen receptor (ER), progesterone receptor (PgR), and
HER?2 status in primary breast cancers were obtained from
patient medical records. HER2 positive was defined as a
score of 2+ and 3+ by immunohistochemistry.

Statistical analyses

The frequencies of REIC/Dkk-3 methylation between two
groups were compared using the Fisher’s exact test or
Mann-Whitney’s U test when appropriate. Probability
value less than 0.05 was defined as being statistically sig-
nificant. All data were analyzed by JMP9 for Windows
(SAS Institute, Cary, NC).

Results

DNA methylation status in the promoter region
of REIC/Dkk-3 type-a

The results of bisulfite genomic DNA sequencing of
RRCOBRA are shown in Fig. 1. Each CpG in the 5'-flank-
ing region and in exonla was heavily methylated in MCF7,
MDA-MB-231, and ZR75-1. The CpGs in the 5'-flanking
region of exonla were lightly to moderately methylated,
but the CpGs in exonla were rarely methylated in
HCC1806 and HCC1599. In contrast, most of the CpGs
were rarely methylated in H1299.

We performed the linear regression analysis using the
nested gqCOBRA and confirmed the quantitative capacity
(data not shown). Representative examples of the COBRA

assay in breast cancer cell lines are shown in Fig. 2a. The
percentages of REIC/Dkk-3 type-a methylation were calcu-
lated by qCOBRA in each cell line and primary tumor
(Fig. 2b, ¢, respectively) and summarized in Table I. We
decided the samples with more than 10% of digested bands
as methylation positive in this study. Aberrant methylation
was detected in 7 of the 7 (100%) breast cancer cell lines,
16 of the 37 (43.2%) primary breast cancers, 5 of the 11
(45.4%) lung cancer cell lines, 11 of the 42 (26.2%) pri-
mary lung cancers, 0 of 4 (0%) MPM cell lines, 7 of the 27
(25.9%) USA primary MPMs, 7 of the 18 (38.9%) Japanese
primary MPMs, 8 of the 21 (38.1%) primary gastric can-
cers, and 10 of the 20 (50.0%) primary colon cancers.
REIC/Dkk-3 methylation was not detected in 10 normal
breast tissues and 10 normal lung tissues (data not shown).
The methylation of REIC/Dkk-3 type-a in the breast cancer
cell lines was more frequent than that in the lung, MPM,
and prostate cancer cell lines (p=0.02, p=0.01, and
p = 0.04, respectively). However, no significant differences
in methylation were observed among the primary breast,
lung, MPMs, gastric, and colon cancers (Fig. Z¢). The
results of qCOBRA in five breast cancer cell lines and a
lung cancer cell line (H1299) corresponded with the results
of bisulfite sequencing.

REIC/Dkk-3 mRNA expression in cell lines and correlation
with qCOBRA assay

Representative example of RT-PCR for REIC/Dkk-3 type-a
and type-b in the breast cancer cell lines was shown in
Fig. 2d. Expression of REIC/Dkk-3 type-a was only
detected in HCC1599 and HCC1806 cells, which rarely to
moderately harbored REIC/Dkk-3 methylation. Expression
of REIC/Dkk-3 type-b was also detected in HCC1599 and
HCC1806 cells. The results of expression of REIC/Dkk-3
type-a and type-b in all cell lines (n = 28) were summarized
in Table 2. There was a correlation between the expression
of REIC/Dkk-3 type-a and type-b (p < 0.01). The relative
expressions of REIC/Dkk-3 type-a mRNA and the percent-
ages of REIC/Dkk-3 type-a methylation are shown in Fig. 3.
The expression of REIC/Dkk-3 type-a and REIC/Dkk-3
type-a methylation was inversely correlated in the cell lines
that were examined (p < 0.01). To confirm that methylation
was responsible for the gene silencing, heavily methylated
MDA-MB-231 cells were treated with 5-Aza-CdR. REIC/
Dkk-3 type-a mRNA expression was restored by the treat-
ment of 5-Aza-CdR in a dose-dependent manner (Fig. 4).

REIC/Dkk-3 methylation and clinicopathological
correlation

We next examined the relationships between the REIC/
Dkk-3 methylation status and the clinicopathological
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ImageJ 1.37 V software. The horizontal bars indicate the average in
each group. The mRNA expression of REIC/Dkk-3 type-a and type-b
in breast cancer cell lines was shown in d. PC universal methylated
DNA as positive control; NC universal unmethylated DNA as negative
control

Fig. 2 Quantitative COBRA assay. The results of COBRA assay for
REIC/Dkk-3 type-a in breast cancer cell lines were shown in
a. Methylated alleles were fragmented with restriction enzyme modifi-
cation, and unmethylated alleles were uncut. Percentages of digested
band in cell lines (b) and primary tumors (¢) were quantitated by NIH
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Table 1 Rate of REIC/Dkk3 methylation in each human cancer by
quantitative COBRA assay

Table 2 Expression of REIC/Dkk-3 type-a and type-b in various can-
cer cells

Organ Number of REIC/Dkk3 methylated sample (%) Organ mRNA expression
Cell lines Primary tumors Type-a Type-b
Breast cancer 7 of 7 (100%) 16 of 37 (43.2%) Breast cancers
Lung cancer 5of 11 (45.4%) 11 0f 42 (26.2%) HCC70 — —
Malignant pleural mesothelioma HCCI1599 +
USA 0 of 4 (0%) 7 of 27 (25.9%) HCC1806 +
Japanese ND 7 of 18 (38.9%) MDA-MB-23] — —
Gastric cancer ND 8of 21 (38.1%) MDA-MB-361 - —
Colon cancer ND 10 of 20 (50.0%) MCEF7 - -
Prostate cancer 3 of 6 (50%) ND ZR75-1 k - -
ND not determined Lung cancers
H23 + -
H44 — —
) ) HI25 +
factors described in Table 3. For the breast cancers, we His7 . .
observed that ER-positive cases were more common in the H1299 N .
methylated group than in the non-methylated group H1819 N .
(p = 0.03). No significant relationships between REIC/Dkk-
3 methylation and the other clinicopathological factors H1963 * *
were observed. HIOTS "
H2009 — -
H358 - -
Discussion A349 * *
MPMs
In this study, we demonstrated that arbitrary CpG methyla- H2052
tion in REIC/Dkk-3 type-a promoter region was frequently ~ H2373
observed in solid malignancies. Regarding qCOBRA in this ~ H2452 - -
study, we confirmed the accuracy of this assay by linear ~ H290 + *
regression analysis because we performed nested PCR. We ~ Prostate cancers
decided the samples with more than 10% of digested bands ~ Caki-1 + +
as methylation positive to maintain compatibility with con-  Caki-2 + +
ventional COBRA assay, as we could distinguish 10% of ~ Dul45 + +
digested band on the agarose gel electrophoresis. Colella ~ KPK + +
et al. (2003) also used a 10% threshold to declare methyla- ~ LNCap-FGC - -
tion when qCOBRA was compared with pyrosequencing  PC3 - -

methylation analysis. So a 10% threshold seems to be rea-
sonable criteria to distinguish methylation positive. We
examined cell lines using qCOBRA assay, and the accuracy
of the qCOBRA was also confirmed by bisulfate genomic
DNA sequencing and linear regression analysis.

The REIC/Dkk-3 type-a methylation, which was deter-
mined using gCOBRA assay, revealed to be inversely cor-
related with the REIC/Dkk-3 type-a mRNA expression
among the cell lines (p < 0.01), and the restoration of REIC/
Dkk-3 type-a expression by 5-Aza-CdR treatment was
observed in a REIC/Dkk-3 type-a methylated cell line.
These results indicate that DNA methylation of REIC/Dkk-
3 type-a was responsible for silencing REIC/Dkk-3 type-a
expression. As reported previously, we confirmed that there
was a correlation between REIC/Dkk-3 type-a expression

and type-b expression in the cell lines that we examined
(p <0.01). Discrepancy of the expression level between
REIC/Dkk-3 type-a and type-b was observed in lung cancer
cell lines, although the expression of REIC/Dkk-3 type-a
completely corresponded with the expression of REIC/Dkk-
3 type-b in other cell lines, indicating that REIC/Dkk-3
type-b might be utilized for the expression in a tissue-specific
manner, as Kobayashi et al. (2002) described.

Among the cancers that were examined, REIC/Dkk-3
type-a methylation was more frequently detected in breast
cancer cell lines, although moderate methylation was also
observed in other cancers. A previous report showed that
the introduction of REIC/Dkk-3 into some breast cancer
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Fig. 3 Relative expression of REIC/Dkk-3 type-a mRNA and per-
centages of REIC/Dkk-3 methylation in each cell line. Columns show
the relative expression of REIC/Dkk-3 type-a mRNA in each sample.
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Fig. 4 Restoration of REIC/Dkk-3 type-a mRNA expression in MDA-
MB-231 cells. The effect of 5-Aza-CdR on the restoration of REIC/
Dkk-3 type-a mRNA expressions in heavily methylated breast cancer
cells (MDA-MB-231). REIC/Dkk-3 type-a mRNA was detected by
RT-PCR. GAPDH was used as an internal control

cells had an antitumor effect (Kawasaki et al. 2009). In
addition, the introduction of REIC/Dkk-3 into cancer cells
had a direct effect on the induction of apoptosis and an indi-
rect effect on the activation of tumor immunity in NK cells
through the up-regulation of IL-7 (Sakaguchi etal. 2009).
Furthermore, REIC/Dkk-3 induces the differentiation of
human CD14+ monocytes into a novel cell type, resembling
immature dendritic cells generated with IL-4 and GM-CSF
(Watanabe et al. 200%). These findings support the possible
utility of RE{IC/Dkk-3 gene therapy for not only breast can-
cers but also a broad range of human malignancies. Indeed,
REIC/Dkk-3 gene therapy is ongoing for prostate cancer
(httpr//clinicalirials. gov/ct2/show/NCTO1197209).
Regarding the clinicopathological factors, we found
that ER-positive breast cancer was more common in the

) Springer

The expression ratio was defined as the ratio of particular sample when
compared to those of H1299. % methylation was calculated by qCO-
BRA assay

methylated group than in the non-methylated group in the
present study. In contrast, Veeck etal. (2009) reported
that there was no correlation between REIC/Dkk-3 meth-
ylation and ER and PgR statuses. In other cancers, no sig-
nificant relationship was observed between the REIC/Dkk-3
methylation status and any of the clinicopathological fac-
tors that were examined. Previous study has shown that
REIC/Dkk-3 methylation was associated with poor sur-
vival in primary breast cancers (Veeck et al. 2009). We
could not compare these results directly because they
examined the REIC/Dkk-3 type-b methylation, which has
a lower promoter activity than that of REIC/Dkk-3 type-a.
In addition, the number of cases in this study may have
been too small for the survival analysis, since the primary
purpose of this study was to detect REIC/Dkk-3 type-a
methylation and to examine the correlation between meth-
ylation and expression. In lung cancer, reduced expres-
sion of REIC/Dkk-3 was previously shown to be frequent
in poorly differentiated adenocarcinoma and squamous
cell carcinoma (Nozaki etal. 2001). Further investiga-
tions are needed to determine the clinicopathological
impact of REIC/Dkk-3 type-a methylation.

In conclusion, we found that the promoter region of REIC/
Dkk-3 type-a was frequently methylated in breast, lung, gas-
tric, colon, and prostate cancers and MPMs. REIC/Dkk-3
type-a methylation and REIC/Dkk-3 type-a mRNA expres-
sion were inversely correlated in the cell lines that were
examined. Our results suggest that REIC/Dkk-3 type-a meth-
ylation is an important mechanism in the pathogenesis of
various types of malignancies. Since gene therapy using
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Table 3 Clinicopathological factors and REIC/Dkk-3 methylation in Table 3 continued
various primary cancers

Total (n = 41) 1127
Variables Number of
methylation-positive T categories
samples (%) L (n=27) 7 (26)
Total (n = 38) 16 (39) 2(n=12) 4(33)
3(n=0) 0
A. Primary breast cancers 4(n=2) 0
Age N categories
<65 (n=32) 14 (44) 0(n=29 8 (28)
265(n=0) L7 1 (n=10) 2 (20
Histology M categories
Papillotubular (n = 8) 2 (25) 0 (n =39) 11(28)
Solid-tubular (n = 11) 4(36) L(n=2) 0
Scirrhous (n = 17) 9(53) Stage
Others (n=2) 0 I(n=28) 8 (29)
T categories 1 (n=4) 125
Lo=10) 5(55? l(n=7) 1(14)
2 (n=16) 53D IV(n=2) 0
3(n=3) 1(33)
4n=8) 3038) Total (n = 21) 8 (38)
N categories C. Primary gastric cancers
0(n=15) 6 (40)
Hr=23) 769 Age65 = 10) 5(50
M categories <05 (n=10) (50)
0 1= 36) 14.23) 65< (n=11) 327)
I (n=2) 1 (50) Histology
Stace Intestinal (n = 10) 5(50)
L(n=9) 5(56) Diffuse Fn =10 327
I (n = 15) 5(33) T categories -
1 (n = 12) 4(33) ; (= Z) 165
IV (= 2) 1(50) X (n= 7? ; (ig)
Estrogen receptor* 4 (=7 (29)
Positive (1 = 19) 11 (58) ¢ =3) 0
Negative (n = 18) 422) N categories
Progesterone receptor 0(n=7) 467)
Positive (n = 18) 9 (50) I=(r=14 4(29)
Negative (2 = 15) 6 (40) Stage
HER?2 status Tn=6) 4(67)
Positive (n = 11) 327) EI(” =3 vl 33
Negative (n = 19) 10 (53) (n=>3) 3 (60)
V(=7 0
Total (n=41) 11(27)
Total (n = 20) 10 (50)

B. Primary lung cancers -
D. Primary colon cancers

Age
Age
<65 (n=17) 3(18)
=65 (n = 24) 8 (33) <65 (n=9) 5(56)
Histology 65<(n=11) 5 (46)
Adenocarcinoma (n = 27) 7 (26)
Squamous cell carcinoma (n = 14) 4(29)
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Table 3 continued

Total (n = 20) 10 (50)
Histology

Well (n = 5) 1 (20)

Moderately (n = 11) 6 (55)

Poorly (n = 3) 2 (67)

Others (n=1) 1(100)
T categories

1(n=2) 1(50)

2(n=0) -0

3(n=14) 6 (43)

4(n=3) 3(100)
N categories

0(n=28) 4 (50)

1<(n=12) 6 (50)
M categories

0(n=12) 6(50)

1 (n=28) 4 (50)
Stage

1(n=3) 2 (67)

Nn=4) 1(25)

I (n=5) 3 (60)

IV(n=8) 4 (50)
Location

Right (n = 8) 5(63)

Left(n=11) 4 (36)

*p <0.05

REIC/Dkk-3 expressing adenovirus vectors is currently ongo-
ing for the treatment of prostate cancer, similar therapeutic
modalities may be applicable for other types of cancers.
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Active Counseling about Fertility Preservation for Breast Cancer Patients Receiving Systemic
Therapy : Shien T*"*, Okada N*', Tsuyumu Y*', Emi Y*?, Nishiyama K*', Masumura K*!, Mizoo T*!,
Nogami T*?, Iwamoto T*', Motoki T*', Taira N*!, Matsuoka J™*', Nakatsuka M*® Kataoka A**, Masuda
N*¢, Kawabata K**, Miyashita M™* Tokunaga E** and Doihara H*' (*'Breast Cancer Treatment and
Reconstruction Center, Okayama University Hospital, **Graduate School of Health Sciences, Okayama
University, **Department of Obstetrics and Gynecology, Okayama University Hospital, **Kataoka Group,
Research Group of Japanese Breast Cancer Society)

Systemic therapies have been shown to effectively improve the prognosis of BC patients ; however, such
therapies become more and more harmful as their duration increases. We investigated the establishment of an
effective counseling system to preserve the fertility of young BC patients receiving systemic therapy in this
study. We administered a questionnaire about pregnancy, counseling, and fertility issues directly to 21 young
BC patients (<45) who were receiving systemic therapy. Five patients (24 %) had wanted to give birth before
the start of treatment. Three (60%) of these patients were married and over 40 years of age, and two (40
%) patients already had a child (40%). Seven patients (33%) had not been informed about the influence of
systemic therapy on fertility. Not all women hoped to receive counseling with their husband or partner. In this
study, it was difficult to select patients for counseling depending on the age and number of family members.
Frequent counseling with patients and their families might improve their understanding about the influence
of the treatment on fertility and make effective fertility preservation possible.

Key words : Systemic therapy, Fertility, Breast cancer
Jpn J Breast Cancer 27(3) : 313~320, 2012
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