Frequent Silencing of CTGF in Ovarian Cancer

(50 nmol/L) was transfected into ovarian cancer cells using Lipofect AMINE
2000 (Invitrogen) according to the manufacturer’s instructions. The
numbers of viable cells 24 to 96 h after transfection were assessed by
WST assay. '

Statistical analysis. Differences between subgroups were tested by the
Mann-Whitney U test. Correlations between CTGF methylation or
expression in primary ovarian cancers and the clinicopathologic variables
pertaining to the corresponding patients were analyzed for statistical
significance by % or Fisher's exact test. For the analysis of survival, Kaplan-
Meier survival curves were constructed for groups based on univariate
predictors, and differences between the groups were tested with the log-
rank test. Differences were assessed with a two-sided test and considered
significant at the P < 0.05 level.

Results

Array-CGH analysis of ovarian cancer cell lines. We assessed
copy number alterations among the 24 ovarian cancer cell lines by
array-CGH using the same batch of MCG Cancer Array-800 slides
for all of them. Copy number gains and losses were seen to some
degree in all 24 lines (data not shown). Figure 14 documents the
frequencies of copy number gains and losses across the entire
genome of each cell line. Our array-CGH analysis predicted
frequent copy number gains for 3q and 20q and frequent losses
for 4q, 13q, 15q, 17p, 18q, Xp, and Xq (Supplementary Table S3),
which were mostly consistent with those of our earlier conven-
tional CGH analysis of ovarian cancer cell lines (22) and were
similar to published results of conventional CGH analyses of
primary ovarian cancers (27-29).

Because the most common genetic aberrations had already been
identified in ovarian cancer cell lines and primary tumors, we paid
attention to more remarkable patterns of chromosomal abnormal-
ities, such as high-level amplifications (log 2 ratio, >2) and
homozygous deletions (log 2 ratio, <—2), which are likely to be
landmarks of oncogenes and TSGs, respectively (Table 1). High-
level -amplifications were detected in two cell lines, and three
clones (genes) were presented. Homozygous deletions were
detected in three cell lines, and five clones (genes) were presented.
Among those genes, MTAP and CDKN24/pl6 located of 9p21.2,
TGFBR2 at 3p24.1, and SMAD4 at 18qg21.1 are known as TSGs
inactivated in various human cancers. On the other hand, the
homozygous loss at 6q23, the location of CTGF (Fig. 1B), observed
in RMUG-S cells had not been documented in ovarian cancer
before, prompting us to examine whether genes, including CTGF,
located within this region might be involved in the pathogenesis of
ovarian cancer. '

Identification of target genes involved in homozygous
deletion at 6q23.1. To define the extent of the homozygous
deletion in RMUG-S cells and to identify other cell lines harboring
cryptic homozygous loss in this region, we did genomic PCR
experiments with 10 genes, MOXDI1, CTGE ENPP1, ENPP3, CRSP3,
ARGI, AKAP7, EPB41L2, KIAA1913, and L3MBTL3 (Fig. 2B), which
are located around RP11-6918 (Fig. 1C) according to information
archived by genome databases.” We detected a complete loss of
CTGFE, ENPP1, ENPP3, CRSP3, ARGl, AKAP7, EPB41L2, and
KIAAI913 only in RMUG-S cells (4.2%), whereas MOXD1] and
L3MBTL3 were retained in this cell line, indicating that the size of
the homozygous deletion is ~2.2 Mb at maximum.

® http://www.ncbinlm.nihgov/ and http://genome.ucsc.edu/

Loss of CTGF expression and its restoration after DNA
demethylation in ovarian cancer cell lines. Next, we determined
mRNA expression levels of CTGE ENPPI, ENPP3, CRSP3, AKAP7,
EPB4112, and KIAA1913 by in all 24 ovarian cancer cell lines,
normal ovary, and the normal ovarian epithelial cell-derived
immortalized cell line OSE-2a. We excluded ARGI from the analysis
because our preliminary experiment (data not shown) and the
information archived by the genome databases'® showed almost no
expression of this gene in normal ovary. Among seven genes we
tested, CRSP3, EPB41L2, and AKAP7 were expressed in most of the
ovarian cancer cell lines and normal ovary (Fig. 1C), suggesting
that these genes are unlikely to be targets for inactivation in
ovarian cancer cells. On the other hand, CTGE, ENPP1, ENPP3, and
KIAA1913 were frequently silenced even in ovarian cancer cell lines
without their homozygous loss, suggesting that the loss of
expression of those genes might result from mechanisms other
than genomic deletion. Because aberrant methylation in 5
regulatory region harboring a larger than expected number of
CpG dinucleotides (CpG island) is a key mechanism by which TSG$
can be silenced (7), we searched for the CpG island around
transcription start sites' of those genmes using the CpGPLOT
program'' and identified it only in CTGF but not in the other
three genes, prompting us to focus on CTGF for further analyses.
CTGF showed a complete Ioss of expression in the RMUG-S cell
line and a reduced expression in another 12 lines without its
homozygous loss (12 of 23, 52%; Fig. 1C). The other 11 ovarian
cancer lines, normal ovary, and OSE-2a cells did express CTGF
mRNA. Only one of the five lines that had shown a hemizygous loss
around CTGF in array-CGH analysis exhibited a decline in the
expression of this gene (data not shown).

To investigate whether DNA demethylation could restore the
expression of CTGF mRNA, we treated ovarian cancer cells lacking
CTGF expression with 5-aza-dCyd for 5 days. Induction of CTGF-
mRNA expression occurred after treatment with 5 pmol/L 5-aza-
dCyd in HNOA and in RMG-II cells (Fig. 1D). In addition, we
observed an enhancement of CTGF mRNA expression by 5-aza-
dCyd given along with TSA in both lines, although treatment with
TSA alone had no effect on the expression, suggesting that histone
deacetylation does play some role in the transcriptional silencing of
CTGF among methylated ovarian cancer cells. Restoration of CTGF
expression by the treatment with 5-aza-dCyd was also observed in
the rest of the ovarian cancer cell lines with reduced expression of
this gene except RMUG-S (Supplementary Fig. 524).

Methylation of the CTGF CpG island in ovarian cancer cell
lines. To show the potential role of the methylation within CpG
island in silencing of CTGF, we first assessed the methylation status
of each CpG site around the CTGF CpG island (regions 1-3 in
Fig. 24) in ovarian cancer cell lines with or without CTGF
expression and the OSE-2a cells, by means of bisulfite sequencing
(Fig. 24). Regions 2 and 3 tended to be extensively methylated in
CTGF-nonexpressing cell lines (HTOA, HUOA, RMUG-L, RMG-I,
HNOA, and KF28), whereas region 1 was hypomethylated in almost
all cell lines tested. In addition, regions 2B, the 3" part of region 2,
and 3 are extensively methylated in some CTGF-expressing ovarian
cancer lines (KK and OVISE), whereas region 24, the 5 part of
region 2, tended to be hypermethylated in the nonexpressing

10 http://www.ncbi.nlmnih.gov/entrez/query.fegi?dbsunigene and http://www.
Isbm.org/database/index.heml '
" http:/ fwww.ebi.ac.uk/emboss/cpgplot/
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Figure 1. A, genome-wide frequencies of copy number gains (>0; green) and losses (<0; red) in 24 ovarian cancer cell lines. Clones are ordered as chromosomes
110 22 and X, and within each chromosome based on the University of Califomia Santa Cruz (UCSC) mapping position (version May 2004). Green asterisks, '
clones with at least one high-level amplification; red asterisks, clones with at least one homozygous deletion (Table 1). B, identification of the 6q23.2 homozygous
deletion in ovarian cancer cell line. Top, representative duplicate array-CGH image of the RMUG-S cell fine. A homozygous deletion (copy number ratio as log

2 ratio) of the BAC clone at 6q23.2 was detected as a clear red signal (red arrows). Bottom, map of 6G23 covering the region homozygously defeted in the RMUG-S cell
line. A BAC (RP11-6918) was homozygously deleted in the array-CGH analysis (vertical white bar). Homozygously deleted region in RMUG-S cells, as determined
by genomic PCR analysis (vertical white closed arrow). Ten genes located within this region (red or black arrows) show homozygously deleted or retained genes,
respectively, and positions and directions of transcription. C, genomic and RT-PCR analyses of genes located around the 6923 homozygously deleted region

in ovarian cancer cell lines. Top, homozygous deletions of CTGF, ENPP1, ENPF3, CRSP3, ARG1, AKAP7, EPB41L2, and KIAA1913, but not MOXD1 and
L3MBTL3, were detected in one ovarian cancer cell line (RMUG-S; arrowhead) by genomic PCR. 1, HT; 2, HTOA; 3, HUOA; 4, KF28; 5, MH; 6, OVKATE; 7,
OVSAHO; 8, KFr13; 9, HMKOA; 10, MCAS; 711, RMUG-L; 12, RMUG-S; 13, KK; 74, OVISE; 15, OVMANA; 16, OVTOKO; 17, RMG-I; 78, RMGHl; 19, ES-2;

20, W3UF; 21, HIOAnu; 22, HMOA; 23, HNOA; 24, HTBOA; PLC, peripheral leukocytes. Bottom, mRNA expression of CTGF, ENPP1, ENPP3, CRSP3, AKAFP?,
EPB41L2, and KIAA1913 in ovarian cancer cell lines and the normal ovary (Ova) and normal ovarian epithelial cell-derived cell line OSE-2a (OSE), detected by
RT-PCR analysis. Arrowhead, the cell line with the homozygous deletion indicated in the genomic PCR analysis. Expression of CRSP3, AKAP7, and EPB41L2 mRNAs

was observed to some degree in most ovarian cancer cell lines, whereas ENPP, ENPP3, CTGF, and KIAA1913 showed frequent silencing. Notably, 12 of the
23 cell fines (50%) without a homozygous deletion of CTGF showed decreased expression. D, results of RT-PCR to reveal restored CTGF expression in HNOA
and RMG-I cells after treatment with 5-aza-dCyd (5 umollL) for 5 d with or without TSA (100 ng/mL) for 12 h.

ovarian cancer lines (HTOA, HUOA, RMUG-L, RMG-1, HNOA, and
KF28) but hypomethylated in the CTGF-expressing ovarian cancer
lines (KK, OVISE, and HTBOA) and OSE-2a cells. Consequently,
methylation of region 2A was likely to be inversely correlated with
the expression status of CTGF, suggesting that region 2A may be
crucial to regulate the basal transcription level of CTGF.

To compare the methylation and expression status of CTGF in a
larger number of ovarian cancer lines, we did COBRA. Consistent
with the results of bisulfite sequencing, no methylated allele was
detected in region 1 among mest of the lines tested regardless of
the CTGF expression status (Fig. 2B). On the other hand, most of

the ovarian cancer cells lacking CTGF expression, except OVMANA
and OVTOKO, had a methylated allele without an unmethylated
allele in region 2, whereas most of the ovarian cancer cell lines and
OSE-2a cells expressing CTGF had an unmethylated ailele with or
without methylated allele. Notably, OVISE cells expressing CTGF
were found to have only an allele methylated in region 2 by COBRA.
In this cell line, bisulfite sequencing showed that region 2B
containing two BstUI sites was highly methylated but region 2A
was hypomethylated (Fig, 24), indicating that region 2A is a critical
target site for epigenetic events affecting CTGF expression.
However, mechanisms other than DNA methylation, including
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histone modification, epigenetic silencing of transcription factors
or. upstream components of signaling pathway activating CTGF
expression, and microRNAs (30), may also contribute to the direct
or indirect silencing of CTGF. Indeed, restoration of CTGF
expression by TSA and/or 5-aza-dCyd was also observed in
OVMANA cell line only having unmethylated allele and OVTOKO
cell line having unmethylated allele and partially methylated alleles
(Fig. 2B; Supplementary Fig. S2B).

Promoter activity of the sequence around the CTGF CpG
island. Because the sequence around the CTGF CpG island seems
to be a target for methylation and closely related to gene silencing,
we tested sequences around the CpG island for promoter activity,
using three fragments covering this region (fragments 1-3 in
Fig. 24) and three types of ovarian cancer cell lines: RMUG-S with
a homozygous deletion of CTGF, KK expressing CTGF, and KF28
lacking CTGF expression. Because region 1 is unlikely to be a
critical target for methylation, we excluded it from the analysis.
Fragments 1 and 3 containing region 2A showed a remarkable
increase in transcriptional activity, whereas fragment 2 not
containing region 2A showed very weak activity in all types of
cell lines (Fig. 2C), suggesting that region 2A may contain critical
sequence(s) for gene silencing.

" Methylation of the CIGF promoter region in primary
_ovarian cancer tumors. To determine whether the aberrant
methylation of CTGF also takes place in primary tumors, we did
MSP with primer sets targeting the sequence around the most
frequently methylated sites around region 2A in a panel of 66
primary ovarian cancer tumors (Fig. 2D). Specificity and sensitivity
of MSP and the comparison of sensitivity between MSP and COBRA
were shown in Supplementary Fig. $3. Consistent with the results
,of the bisulfite sequencing and COBRA (Fig. 24 and B), a
representative cell line lacking CTGF expression (RMUG-L) was
methylated, whereas the CTGF-expressing cell line (OSE-2a) was
unmethylated, as expected. We detected CTGF hypermethylation
in 39 of the 66 primary ovarian cancer tissues (59%; Fig. 2D; data
not shown). To confirm the results of the MSP analysis
quantitatively, we did bisulfite sequencing in some of representa-
tive cases. Aberrant hypermethylation was observed in ovarian
- cancer tissues, which showed a methylation pattern in the MSP

’

analysis, whereas tumors with an unmethylated pattern in the MSP
analysis showed hypomethylation (Fig. 2D). To confirm that the
methylation of CTGF is associated with gene silencing in primary
ovarian cancer, we then examined the expression status of CTGF
mRNA using real-time RT-PCR with cDNA prepared from 43
primary ovarian cancer tumors except for mucinous type tumors,
which contain a larger amount of noncancerous cell contamination
compared with other types of ovarian cancer. We found that
primary tumors showing methylation of the CTGF region 2A by
MSP expressed the gene at a significantly lower level than tumor
withoiit methylation (P = 0041, Mann-Whitney U test; Fig 2D),
suggesting that the methylation of CTGF promoter and the gene
silencing through this mechanism were not an artifact arising
during the passage of ovarian cancer cell lines in vitro, but rather
may be a true cancer-related event during the pathogenesis of
ovarian cancer. However, no clear association between the
methylation status of CTGF region 2A and the clinicopathologic
characteristics was observed (Supplementary Table 54).
Association between expression level of CTGF and elinico-
pathologic characteristics in primary cases. To further clarify
the clinical significance of the CTGF gene in ovarian cancer, the
expression level of CTGF protein in primary ovarian cancer tissues

" was evaluated by immunohistochemistry using a CTGF-specific

antibody (Supplementary Fig. S1). The results of the immunchis-
tologic staining were classified as level 0 (negative staining), level
1 (1-10% of tumor cells stained), level 2 (10-50% of tumor cells -
stained), and level 3 (>50% of tumor cells stained). A high level of
immunoreactivity for CTGF (level 3) was detected in normal
ovarian epithelium (Fig. 34). The CTGF protein was predomi-
nantly found in the cytoplasm or the membrane of normal or
tumor epithelial cells. Although some- ovarian cancer speci-

" mens showed high levels of CTGF (Fig. 3B), no or very weak

immunoreactivity (levels 0 and 1) for CTGF was frequently
observed in other ovarian cancer specimens (Fig. 3C). A low
(levels 0 and 1) and high expression levels (levels 2 and 3) of CTGF
were found in 84 of 103 (82%) cases and 19 of 103 (18%) cases,
respectively. The relationship between the expression level of
CTGF protein and the clinicopathologic characteristics is
summarized in Table 2. In contrast to the CTGF mRNA level,

Table 1. ngh-level ampilifications (log 2 ratio, >2.0) and homozygous deletions (log 2 ratio, <—2.0) detected in 24 ovarian
cancer cell lines by array-CGH analysis using MCG Cancer Array-800

Alteration BAC Locus* Cell line (N = 24) Known candidate
target gene "
Chromosome band Position n Name
High-level amplifications RP11-438012 2q14.2 chr2: 120,629,082-120,846,427 1 OVISE GLI2
(log 2 ratio, >2.0) RP11-30016 11q13.3 chrll: 69,162,462-69,323,966 1 ES-2 CCNDI1, FGF3
CTD-2234j21 11q13.3 chrll: 69,307,612-69,307,884 1 ES-2 CCNDI, FGF3
Homozygous deletions RP11-7116 3p24.1 chr3: 30,541,893-30,705,070 1 KFrl3 TGFBR2
(log 2 ratio, <~2.0) RP11-69I8 6923 chr6: 132,249,163-132,410,700 1 RMUG-S§ None
RP11-70L8 9p21.3 chrd: 21,732,608-21,901,258 1 HTBOA CDKN2A, MTAP
RP11-145E5 9p21.3 chr9: 21,792,634-22,022,985 1 HTBOA CDKN24, MTAP
.RP11-10I6 18¢21.1 chrl8: 46,348,632-46,493,352 1 RMUG-S SMAD4

*Based on UCSC Genome Browser, May 2004 Assembly.
T Putative oncogenes or tumor suppressor genes located around BAC.
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Figure 2. Methylation status of the CTGF CpG-rich region in ovarian cancer cell lines. A, schematic map of the CpG-rich region containing the CpG island {closed
white arrow) around exon 1 of CTGF and representative results of bisulfite sequencing. CpG sites (vertical ticks on the expanded axis). Exons (open box). The
transcription-start site is marked at +1. The fragments examined in a promoter assay (thick black lines). The regions examined in the COBRA and bisulfite sequencing
(horizontal gray bars). Restriction sites for BstUl (for the COBRA; black downward arrowheads). Representative results of bisulfite sequencing of the CTGF CpG-
rich region examined in CTGF-expressing ovarian cancer cell lines (+) and CTGF-nonexpressing ovarian cancer cell lines (—). Each square indicates a CpG

site: open squares, unmethylated; solid squares, methylated. PCR primers for MSP (arrows). B, representative results of the COBRA of the CTGF CpG island in
ovarian cancer cefl lines after restriction with BstUI. Arrows, fragments specifically restricted at sites recognized as methylated CpGs; arrowheads, undigested
fragments indicating unmethylated CpGs. C, promoter activity of the CTGF CpG-rich region. pGL3-Basic empty vectors (mock) and constructs containing one of
three different sequences around the highly methylated region of CTGF (fragments 1-3 with a 157, 584, and 346 bp size, respectively, in A) were transfected into
RMUG-S, KK, and KF28 cells. Luciferase activity was normalized versus an internal control. Columns, mean of three separate experiments, each done in triplicate;
bars, SD. D, top left, representative results of a MSP analysis of the CTGF promoter region in primary ovarian cancer tissues. Parallel amplification reactions were done
using primer$ specific for unmethylated .(U) or methylated (M) DNA. Top right, correlation between methylation status of CTGF determined by MSP and mRNA
expression status determined by RT-PCR in 43 primary tumors except for mucinous type tumors. Statistical analysis used the Mann-Whitney U test. Horizontal
bars in the boxes, median values; vertical bars, range; horizontal boundaries of the boxes, first and third quartiles. Botiom, methylation status of the CTGF
promoter region determined by bisulfite sequencing in tumor samples. Arrows, the positions of primers for MSP.

CTGF protein expression was not clearly associated with the patients, the result of surgery, or the result of peritoneal cytology.
methylation status of CTGF region 2, even in tumors other than In overall survival, no significant difference was observed between
mucinous type tumors (P = 0215, Fisher’s exact test; data not  the patients with lower levels of CTGF and those with higher
shown). CTGF protein expression was significantly associated with levels of CTGF in all stages and in stage III and IV disease
tumor stage: ovarian cancer tended to lack CTGF expression in (P = 0158 and 0.148, respectively, log-rank test; data not shown).
the earlier stages (stages I and II) but tended to exhibit CIGF In stage I and II disease, however, no deaths occurred in patients
expression in the advanced stages (stages III and IV; P = 0.027, x° with higher levels of CTGF expression during the study period,
test). CIGF protein was also differentially expressed among whereas 17.5% (10 of 57 cases) of patients with lower levels of
histologic subtypes. However, no significant relationship’ was expression died, although a statistical analysis could not be done
found between the level of CTGF expression and the age of  due to no deaths in one group (Fig. 3D). Those findings suggest
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that the incidence of the inactivation of CTGF and its role in
tumorigenesis may differ with the stage and/or histologic subtype
of this disease.

Suppression of cell growth induced by CTGF in- ovarian
cancer cells. The frequent silencing of CTGF in cell lines and
primary tumors of ovarian cancer suggests that CTGF is likely to be
a functional tumor suppressor for this disease. To investigate
whether restoration of CTGF expression would suppress growth of
ovarian cancer cells in which the gene had been silenced, we did
colony formation assays using an expression construct of the full-
coding sequence of CTGF (Fig. 4A4). Two weeks after transfection
and subsequent selection of drug-resistant colonies, the numbers
of larger colonies produced by CTGF-transfected cells decreased
compared with those of cells containing empty vector, regardless of
mutation status of the 7P53 gene (Fig. 2B).

To avoid a nonspecific toxicity by forced expression of CTGF, we

assessed the effect of recombinant human CTGF on growth of the
nonexpressing ovarian cancer cells (Fig. 45, top). Treatment with
recombinant CTGF for 72 h reduced cell viability in HNOA and
HMOA cell lines compared with vehicle (PBS) alone. In FACS
analysis using HMOA cell line (Fig. 4B, botiom), treatment with
recombinant CTGF resulted in an accumulation of cells in G4-G;
phase and a decrease in S and Go-M phase cells but no increase in
sub-G; phase cells compared with vehicle alone, suggesting that
CTGF may arrest ovarian cancer cells at the G,-S checkpoint (G,-G,
arrest) without inducing apoptosis.

To further examine the mechanisms of CTGF-induced growth
inhibition in ovarian cancer cells, we investigated the effect of CTGF
on EGF-dependent phosphorylation of ERK1/2 in HMOA cell line
because (a) the overexpression of the EGF receptor is associated
with poor prognosis of ovarian cancer (31) and () the suppressive
effect of CTGF overexpression on EGF-dependent phosphorylation
has been reported in non-small cell lung cancer (NSCLC) cell line

(16). In serum-starved HMOA cells, ERK1/2 was remarkably
phosphorylated with EGF treatment and the level of phosphoryla-
tion was decreased by pretreatment with CTGF (Fig. 4C). ‘
To confirm a growth-suppressive effect of CTGF, we knocked
down endogenously expressed CTGF by transient transfection of
CTGF-siRNA to KK and ES-2 cell lines retaining expression of
CTGF (Fig. 4D). Transfection of CTGF-siRNA accelerated cell
growth in those cell lines compared with Luc-siRNA-transfected
counterparts. Because transfection of CTGF-siRNA to RMUG-S cell
line lacking CTGF expression showed no effect on cell growth
compared with ZLuc-siRNA, growth-promoting effect of CTGF-
siRNA observed in KK and ES-2 cells may not be caused by off-
target effects of siRNA used in this study.

Discussion

In this study, we identified a homozygous deletion of CTGF at
6q23.2 in ovarian cancer cell lines by array-CGH analysis using an in-
house BAC array. Expression of CTGF was detected in normal ovary
and a normal ovarian epithelial cell-derived cell line but frequently
silenced through methylation of CpG sites around the CTGF CpG
island exhibiting promoter activity in our panel of ovarian cancer
celllines, suggesting that CTGF may be one of targets for inactivation
in ovarian cancer, although possible involvement of other target
gene(s) for the homozygous loss at 6gq23.1 remains unclear.
Hypermethylation of the CTGF promoter region was frequently
detected in primary ovarian cancers. Lower CTGF protein levels
were frequently observed in primary ovarian cancers, although the
clinical significance of CTGF expression might differ among disease
stages and histologic subtypes. In addition, the transient transfection
of CTGF or treatment with recombinant CTGF had an inhibitory
effect on growth of CIGF-nonexpressing ovarian cancer cells,
whereas knockdown of CTGF using siRNA accelerated growth of

Figure 3. Immunohistochemical analysis
of CTGF expression in primary ovarian
cancer tumors. A, representative CTGF
immunohistochemical staining of normal
human ovarian epithelial cells. High
CTGF expression is shown in normal
ovarian epithelial cells. Magnification,
x200. B and C, representative CTGF
immunohistochemical staining of primary

ovarian cancer cells. High (B) or almost no
(C) expression of CTGF was observed

in primary ovarian cancer cells. In normal
epithelial cells and ovarian cancer

cells, CTGF is localized distinctly in the
apical cytoplasm. Magnification, x200.

D, Kaplan-Meier curve for overall survival
rates of patients with stage | and Ii
ovarian cancer. There were no deaths

in patients with stage | and Il ovarian
cancers showing higher CTGF levels.
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Table 2. Correlation between clinical background and

expression of CTGF protein ' '

n Expression of CTGF* P’
n (%)

Total 103 19 (18)

Age (y) : :
<60 | 71 15 (21) 0.388
=60 32 4 (13)

FIGO stage )

Iand O 66 8 (12) 0.027
I and IV 37 11 (30)

Histologic type
Serous 42 8 (19) 0.029
Mucinous 15 7 (47) )
Clear cell 34 2 (6)

Endometrioid 12 2(17)

Optimal surgery (cm)

Optimal (<2) 82 16 (20) 1.000
Suboptimal (=2) 14 2 (14)
Unknown 7 1(14)

Peritoneal cytology i
Positive 48 11 (23) 0.387
Negative 50 8 (16)

Unknown 5 - 0(0)

Methylation ¥
Positive 33 6 (18) 0.739
Negative ' 22 5 (23) :
Unknown 48 8 (17)

NOTE: Statistically significant values are in boldface type. :

*CTGF protein expression was evaluated by immunohistochemical

analysis described in Materials and Methods.

TP values are from x* or Fisher's exact test and were statistically

significant when <0.05 (two sided).

+Methylation status was determined by MSP target for region 2A

described in Materials and ‘Methods. .

CTGF-expressing ovarian cancer cells. These results suggest that loss
of epigenetic inactivation of CTGF plays a pivotal role in the
tumorigenesis of ovarian epithelial cells.

CTGF is a member of the CCN family, which comprises CTGF,
cysteine-rich 61 (Cyr61/CCN1), nephroblastoma overexpressed
(Nov/CCN3), Wisp-1/elml (CCN4), Wisp-2/rCopl (CCN5), and
Wisp-3 (CCN6). Among them, CTGF is believed to be a
multifunctional signaling modulator involved in a wide variety of
biological or pathologic processes, such as angiogenesis, osteogen-
esis, and renal and skin disorders (32-35). In carcinogenesis, CTGP’
was shown to be a positive regulator: the level of CTGF expression
is positively correlated with bone metastasis in breast cancer
(36), glioblastoma growth (37), a poor prognosis in esophageal
adenocarcinemas (38), the aggressive behavior of pancreatic
cancer cells (39), the invasive melanoma (40), and prognosis of
chondrosarcoma (41). On the other hand, there is a body of
evidence showing antigrowth (16, 42, 43) or antimetastatic (I5)
activity of CTGF in cancer cells and decreased CTGF expression in
the aggressive or metastatic phenotype in various cancers, such
as breast, colon, and NSCLCs (15, 16, 45). Given our results showing

a tumor-suppressive function of CTGF, the role of CTGF in various

cancers seems to vary considerably, depending on the tissues
involved, although the exact mechanism has not yet been clarified.
The- question of how the tissue context is able to determine the
action of CTGF in carcinogenesis deserves further investigation.

CIGF is located at 6q23.1, a chromosomal region that is rarely
involved in copy number losses (22, 27-29). Indeed, most of
the ovarian cancer cell lines used in this study showed normal DNA
copy numbers around this region. Among 12 cell lines that showed
reduced expression of CTGF, 9 lines had promoter hypermethyla-
tion, only 1 line showed both hemizygous deletion around this gene
and promoter hypermethylation, whereas 2 lines showed neither,
suggesting that the inactivation of CTGF might occur frequently
through methylation of both alleles during the tumorigenesis of
ovarian cancer. DNA methylation around the CTGF gene has also
been reported in other cancers, such as hepatocellular carcinoma
(17, 18) and colon cancer cell lines (19), suggesting that CTGF might
be a universal target for methylation in various types of cancers.
However, (a) some ovarian cancer cell lines showed reduced CTGF
expression without DNA methylation and (b) silencing of CTGF
protein expression occurs more frequently compared with DNA
methylation of the CTGF gene in primary ovarian cancer, suggesting
that mechanisms other than DNA methylation also contribute to
silencing of CTGF in ovarian cancer. Recently, miR-17-92, especially
miR-18, was shown to be responsible for CTGF down-regulation in
Myec-transduced RAS-transformed mice colonocytes (30). Therefore,
further analyses will be needed to clarify all mechanisms for
silencing CTGF expression and determine the functional signifi-
cance of each mechanism in primary ovarian cancer.

In our promoter assays, the CTGF CpG island around exons 1
and 2, especially fragment 3 from exon 1 to the middle of exon 2,
whose methylation status was inversely related with expression
status in ovarian cancer cells, showed clear promoter activity,
whereas fragment 2 from the middle of exon 2 to exon 3, which was
highly methylated in ovarian cancer cells regardless of expression
status, showed weaker promoter activity. It was reported that the
commonly methylated region within the CTGF CpG island starts
from the middle of exon 1 and its methylation seems to be
inversely correlated with CTGF expression in hepatocellular
carcinoma cell lines (17, 18), and exonic methylation is observed
in colon cancer cell lines with increased expression of CTGF caused
by 5-aza-dCyd treatment (19), although methylation status of CpG
sites through the entire CpG island and its correlation with gene
expression was not clearly shown (17-19). Those results suggest
that methylation of CpG sites within fragment 3/region 2A might
be responsible for the silencing of CTGF, although few studies have
shown that promoter activity can occur in fragments, especially
CpG islands, not containing a 5 sequence around transeription
start sites (9, 46-48).

In the present study, little or no immunoreactivity for CTGF
protein was observed in most primary ovarian cancers, especially
in the earlier stages, which is contrary to the previously reported
finding that low-level immunoreactivity was usually observed in
advanced stage of colorectal cancers (15). In the earlier stages of
ovarian cancer, moreover, patients with tumors showing lower
CTGF immunoreactivity tended to have a worse survival rate than
those showing higher levels of expression. Because we showed that

" {a) normal ovarian epithelia and immortalized ovarian epithelial

cell-derived cell line express CTGF and (b) induction of CTGF
expression or treatment of recombinant CTGF inhibited growth of
CTGF-nonexpressing ovarian cancer cells, it is suggested that
frequent silencing of CTGF occurred as an early event in ovarian
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cancers at least partly through promoter methylation -may
contribute to the progression to an advanced stage. In the
advanced stages, on the other hand, CTGF expression might he
restored and coniribute to more malignant phenotypes, such as
invasion and metastasis, although the number of cases was too
small to provide any conclusive results in the statistical analysis. In
a breast cancer model (36), CTGF was identified as one of the genes
contributing to bone metastagenicity, and its expression was
transcriptionally induced by transforming growth factor p (TGFB),

inducing epithelial-to-mesenchymal transition in the later stages of
carcinogenesis, when cancer cells have become insensitive to
TGFp-induced growth inhibition and apoptosis (36, 49). Therefore,
it is possible that CTGF expression might be induced or restored by
TGFB to acquire an invasive/metastatic phenotype in advanced
ovarian cancers without CTGF methylation. Because the silencing
of CTGF occurs in a subset of ovarian cancer and may affect
various biclogical functions in a stage-dependent and/or histologic
subtype-dependent manner, evaluation of the methylation and/or

which can have direct pro-oncogenic effects on tumor cells by

expression status of CTGF with disease stage and/or histologic
stimulating their invasion and metastasis at least partially by

subtype might be useful for predicting the progression or

A B
HNOA HMOA 3 Vehicle
pCMV-3Tag4 pCMV-3Tag4 M CTGF (5 pg/mL)
HNOA HMOA Mock  CTGF Mock CTGF 2 100
- e = -~ a
w " 27 s TR, /?” o TN 8% 3
pCMV-3Tag4 § 2 § l(_-'! ) oo, DY A {.. gE 80
=0 20 (&7 j i o 7 28 &
p— —T45 ey I b | «“,,-’-\“
CTGF-3 x Myc o 2 40
30 100 30 <
—r 45 E S. o2
B-actin £ 80 5 50 %§ 0
3 60 it HNOA HMOA
s 'S
40
§ £ 10 '
' 5 O a HMOA
° o 100 3 Vehic!
Mock CTGF Mock CTGF : 2 ehicle
‘ 80 BN CTGF (5 pg/mL)
s
D T 60
KK ES-2 RMUG-S S 40
24h  72h 24h  72h 24h 72h 20
w w i u iy w
o 0O o O o O o O 0o ® o O
; ; i ~ Gy-G. Gp-M
siRNA 3 K 3 § siRNA 3 & 3 & siRNA 3 5 3§ Sub-G; Gy-Gy S 2
CTGF B e crer [— =] crer 1]
pactin =] puctin E=l—]  practin ]
Cc
g0:8{-o- CTGFsIRNA §12{-o- CTGFsiRNA F0.94 o CTGFsIRNA
< —*— Luc-siRNA < -~ Luc-siRNA < - Luc-siRNA HMOA
0.6 o o O
2 Zos8 30,
i 2 < a £ 0.6 CTGF - ¥ . +
§o.4 % § < § EGE - - o+ o+
5 c 0.4. < 0.3
-3 ..
202 £ £ P-ERK1/2 | _.-—-]
17 0 N ]
<o < 3 ' RKf2 [~ 2l
24 48 72 96 T4 48 T2 96 24 48 72 9 ERK1/2 —’
Time after transfection (h) Time after transfection (h) Time after transfection {h)

Figure 4. A, effects of restoration of CTGF expression on growth of ovarian cancer cells. Colony formation assays were done using ovarian cancer cefl lines
lacking expression of CTGF. Cells were transiently transfected with a Myc-tagged construct containing CTGF (pCMV-3Tag4-CTGF), or empty vector (mock), and
selected for 2 wks with appropriate concentrations of G418, Left, Westem blot prepared with 10 pg of protein extract and anti-Myc antibody, showing that cells
transiently transfected with pCMV-3Tag4-CTGF expressed Myc-tagged CTGF. Right, top, 2 wks after transfection and subsequent selection of drug-resistant colonies,
the colonies formed by CTGF-transfected cells were less numerous than those formed by mock-transfected cells. Right, bottom, quantitative analysis of colony
formation. Colonies >2 mm were counted. Colurnns, mean of three separate experiments, each done in triplicate (histogram); bars, SD. a, P < 0.05, statistical
analysis used the Mann-Whitney U test. B, effects of recombinant human CTGF on growth of ovarian cancer cells. Ovarian cancer cells lacking expression of
CTGF (HNOA and HMOA) were treated with 2.5 ng/mt of recombinant human CTGF or vehicle (PBS) alone for 72 h. Top, cell viability was determined by WST
assay in both cell lines; bottom, the population in each phase of cell cycle was assessed by FACS using HMOA cell line. Similar result was obtained in HNOA cell line
(data not shown). Columns, mean of triplicate experiments; bars, SD. a, P < 0.05, statistical analysis used the Mann-Whitney U test. C, representative result of
Western blotting for P-ERK1/2 and total ERK (ERK1/2) in HMOA cell line. HMOA cells were serum starved for 24 h, pretreated with CTGF (2.5 ug/mL) or vehicle
(PBS) for 1 h, and then stimulated with EGF (25 ng/mL) of vehicle (PBS) for additional 15 min. ERK activation was evaluated by the amount of P-ERK determined
by Western blotting. Similar result was obtained in HNOA cell line (data not shown). D, effect of knockdown of endogenous CTGF on growth of ovarian cancer
cells. Fifty nanomol per liter of CTGF-specific sSiRNA (CTGF-siRNA) or a control siRNA for the luciferase gene (Luc-siRNA) were transfected into ovarian cancer
cell lines expressing (KK and ES-2) or lacking (RMUG-S) CTGF, and the numbers of viable cells after transfection were assessed at the indicated times by WST
assay. Points, mean of triplicate experiments; bars, SD. a, P < 0.05, statistical analysis used the Mann-Whitney U test.
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aggressiveness of this disease. Further examination using a larger
set of ovarian cancer cases will be needed to test our supposition
that CTGF has two conflicting functions during tumorigenesis and
inactivation of CTGF at least partly due to DNA methylation is a
frequent and important event in the early progression of ovarian
cancer.

In functional analyses, we showed that ectopically expressed’

CTGF or treatment with recombinant CTGF inhibits growth of
CTGF-nonexpressing ovarian cancer cells, whereas knockdown
of CTGF promotes growth of CTGF-expressing ovarian cancer cells.
Similar results were obtained in cell lines of other types of cancer,
such as NSCLC (16) and breast cancer (43). Chien et al. (16) showed
that the growth of NSCLC cell lines expressing wild-type p53 was
suppressed by forced expression of CTGF, likewise Cyr61, another
member of the CCN family (50), although they have provided no
evidence that their growth-inhibitory activity is mediated through
Pp53. In our study, CTGF-induced growth suppression was observed
in ovarian cancer cell lines regardless of the mutation status of
TP53, and mutation of P53 was similarly observed in both CTGF-

suggesting that the growth-inhibitory activity of CTGF may not be
affected by the mutation status of 7P53 in ovarian cancer. Because
CTGF may exert growth-inhibiting activity at least partly through
inhibition of the EGF-induced phosphorylation of ERK1/2 in
NSCLC (16) arid ovarian cancer (Fig. 4C), whereas it was shown
that CTGF expression was inversely correlated with invasiveness/
metastasis but not with cell growth in colorectal cancer (15), it is
possible that CTGF affects different cellular functions in a cell- or
tissue lineage-dependent manner.
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Sentinel I.yrﬁph Node Biopsy is Feasible for Breast Cancer Patients

after Neoadjuvant Chemotherapy

Takayuki Kinoshita

Division of Surgical Oncology National Cancer Center Hospital

Background: Despite the increasing use of both sentinel lymph node (SLN) biopsy and neoadjuvant
chemotherapy (NAC) in patients with operable breast cancer, information on the feasibility and accuracy
of sentinel node biopsy following neoadjuvant chemotherapy is still quite limited. Therefore, we investi-
gated the feasibility and accuracy of sentinel lymph node biopsy for breast cancer patients after NAC.

Methods: A total of 104 patients with Stage II and III breast cancers, previously treated by NAC, were
enrolled in the study. All patients were clinically node-negative after NAC. The patients underwent SLN
biopsy, which involved a combination of an intradermal injection of radiocolloid and a subareolar injection
of blue dye over the tumor. This was followed by completion axillary lymph node dissection (ALND).

" Results: SLN could be identified in 97 of 104 patients (identification rate, 93.3%). In 93 of the 97
patients (95.9%), the SLN accurately predicted the axillary status. Four patients’ SLN biopsies were false
negative, resulting in a false-negative rate of 10.0%. The SLN identification rate tended to be lower among
patients with T4 primary tumors prior to NAC (62.5%). °

Conclusiom: The SLN identification and false-negative rates were similar to rates in non-neoadjuvant
studies. The SLN accurately predicted metastatic disease in the axilla of patients with tumor response fol-

. lowing NAC.
Breast Cancer 14:10-15, 2007.

Key words: Sentinel node biopsy, Neoadjuvant chemotherapy, Breast cancer, Intradermal injection

Introduction

Currently, the status of the axillary lymph
nodes is the most important prognostic indicator
for breast cancer and helps guide the physician in
adjuvant therapy. More than 40 peer-reviewed
pilot studies, published between 1993 and 1999,
have established the validity of the SLN biopsy
technique for clinically node-negative breast can-
cer” and SLN biopsy has become the standard of
care for axillary staging in such patients.

Recent studies report identification rates
greater than 90% and false-negative rates ranging

Reprint requests to Takayuki Kinoshita, Division of Surgical Oncolo-
gy National Cancer Center Hospital, 5-1-1, Tsukiji Chuo-ku, Tokyo
104-0045, Japan

E-mail: takinosh@nce.go.jp

Abbreviations:

SLN, Sentinel lymph node; NAC, Neoadjuvant chemotherapy:
ALND, Axillary lymph node dissection

10

from 2 to 10%*®. To ensure a high SLN identifica-
tion rate and a low false-negative rate, some rela-
tive contraindications for SLN biopsy have been
established, including T3 or T4 tumors, multicen-
tric or multifocal lesions, a large biopsy cavity, pre-
vious axillary surgery, previous chest-wall irradia-
tion, and NAC*?.

The application of SLN biopsy in NAC patients
may identify, as in non-neoadjuvant chemotherapy
groups, patients who do not necessarily require an
ALND. Several studies have evaluated the use of
SLN biopsy in patients with breast cancer after
NAC, but the results have been varied and incon-
clusive®.

Recently, the American Society of Clinical
Oncology panel concluded that there are insuffi-
cient data to recommend SLN biopsy for patients
receiving preoperative therapy, although SLN
biopsy after preoperative systemic chemotherapy
is technically feasible'®. It is possible that the
tumor response to chemotherapy may alter or
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interrupt the lymphatic drainage, thus causing
lower SLN identification rates and higher false-
negative rates than in non-neoadjuvant studies.
We hypothesize that the lymphatic flow within the
skin lesion overlying the tumor is less damaged
¢ by chemotherapy than that in the parenchyma
surrounding the tumor, except in T4 tumors.
Thus, the usefulness of SLN biopsy with intrader-
mal radiocolloid injection for patients with NAC-
treated breast cancer has yet to be established.

The objective of this study was to determine
the feasibility and accuracy of SLN biopsy using
intradermal radiocolloid injection over the tumor
in clinically node-negative, NAC-treated breast
. cancer patients.

Patients and Methods

Between May 2003 and October 2005, 104
patients with T2-4NO0-2 breast cancer underwent
NAC with SLN biopsy plus ALND performed by a
single surgeon. The pathologic diagnosis was
established by core needle biopsy in all patients
prior to NAC.

Patients under 65 of age received four cycles of
5FU (500mg/m®) / epirubicin (100mg/m?) /
cyclophosphamide (500mg/m®) (FEC), plus
twelve weekly cycles of paclitaxel (80mg/m?).
Patients over 65 years of age received twelve
. weekly cycles of paclitaxel (80mg/m?®) alone. After
NAC, we enrolled the 104 clinically node-negative
patients into this study.

Lymphatic mapping was performed using a 3
ml combination of blue dye (Patent blue V®, TOC
Ltd., Tokyo, Japan) and 30-80 megabecquerels of
technetium-99m-labeled Phytate (Daiichi RI Labo-
ratory, Tokyo, Japan). One day prior to surgery,
the radiotracer was intradermally injected into the
area overlying the tumor, while blue dye was intra-
operatively injected into the subareolar site. For
nonpalpable lesions, injections were performed
using mammographic or ultrasonic needle local-
ization. Sentinel lymph nodes were identified as
blue stained, radioactive, or both. SLN biopsy was
then followed by a standard level I/II ALND. For
32 patients, lymphscintigraphy was also per-
formed prior to NAC, and was compared to lym-
phatic mapping after NAC.

All sentinel nodes were histologically evaluated
by creating 3-5 mm serial sections and staining
with hematoxylin and eosin (H&E). Lymph nodes
submitted as part of the axillary dissection were

Table 1. Patient demographics

Number of patients

Age (years)

Mean 50.2

Range 2717
Clinical tumor size (cm)*

Mean 4.89

Range 2512
Tumor classification*

T2 : 61 (58.7%)

T3 35 (33.6%)

T4 8(7.7%)
Lymph node status*

NO 54 (52.0%)

N1 40 (38.5%)

N2 10 ( 9.5%)
Tumor type

' Invasive ductal 102 (98.1%)

Invasive lobular 2( 1.9%)
Type of NAC ‘

FEC plus paclitaxel 100 (96.2%)

paclitaxel alone 4( 3.8%)
Clinical response of the tumor

CR ' 55 (52.9%)

PR 41 (39.4%)

SD 8(7.7%)
Pathological response of the tumor

pCR 23 (22.1%)

pINV 81 (77.9%) -
Pathological nodal status

Negative 60 (57.7%)

Positive 44 (42.3%)
*Before NAC.

PCR = pathological complete response; pINV = pathological
invasive.

CR = Complete response; PR = Partial response; SD= Stable
disease

submitted in their entirety and evaluated using

-standard H&E staining.

Results

The patient characteristics, type of chemother-
apy, clinical response of the tumor, and pathologi-
cal findings are summarized in Table 1. All
patients underwent breast-conserving therapy or
mastectomy and were clinically node-negative at
the time of operation.

Based on lymphscintigraphy studies before
and after NAC, the results of lymphatic mapping
were quite similar in 30/32 patients, as shown in
Fig 1. SLN were not detected in two cases with a
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Fig 1. Lymphscintigraphy before and after NAC (la and 1b, respectively) revealed one sentinel
node at the axilla. The bone scintigram was performed simultaneously to detect bone

metastasis.
Table 2. Results of sentinel node biopsy Table 4. Comparison of lymph node status of SLNs
and non- SLNs among tumor classifications
Number of patients before NAC
Total no. of patients T 104 T2 (n=59) T3/T4 (n=38)
SLN identified 97 (93.4%)
SLN positive 36 (34.6%) Non- SLN status
SLN was only positive lymph node 16.(44.4%) SLN status Positive ~ Negative Positive  Negative
~ SLN identification method
Radiocolloid and blue dye 91 (87.5%) Positive 7 7 13 9
Blue dye only 13 (12.5%) Negative 2 43 2 14
SLN identified, SLN identified,

Table 3. Comparison of lymph node status of SLNs
and non-SLNs (n=97)

Non-SLN status
SLN status Positive Negative
Positive 20 16
Negative 4 57

False-negative rate, 10%; overall accuracy, 96%;
negative predictive value, 93%; positive predictive value, 100%

T4d primary tumor.

As seen in Table 2, the overall SLN identifica-
tion rate was 93.4% (97 of 104). Of the 97 patients
in whom an SLN could be identified, 36 (34.6%)
had positive SLNs. In 16 of these patients (44.4%),
the SLN was the only positive node. SLNs were
identified by both radiocolloid and blue dye in 91
patients (87.5%) and by blue dye alone in 13
patients (12.5%).

The pathological-status of the SLNs and non-
SLNs is outlined in Table 3.

* The SLNs accurately predicted axillary status
in 93/97 patients (95.9%). Four patients had false-
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59/61 (97%)
False-negative rate,
13%

38/43 (88%)
False-negative rate, 8%

negative SLN biopsies, a false-negative rate of
10.0% (4/40). Fifty-seven patients had pathologi-
cally negative SLN or non-SLN.

The pathological status of the SLNs and non-
SLNs was analyzed according to tumor classifica-
tions before NAC, clinical lymph node status
before NAC, and the response of the tumor after

. NAC.

In T2 tumors before NAC, the SLN identifica-
tion rate was 97% (59 of 61), and 2 patients had
false-negative SLN biopsies, or a false-negative
rate of 13%. In T3 and T4 tumors, the results were
88.4% (38 of 43) arid 8%, respectively (Table 4).
The SLN identification rate tended to be higher in
patients with a T2 primary tumor before NAC
than in those with T3/T4 primary tumor before
NAC, but the difference was not statistically sig-
nificant.

In the SLN biopsy results, there was no signifi-

* cant difference between nodal status prior to

NAC.
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Table 5. Comparison of lymph node status of SLNs and
non- SLNs among nodal status before NAC

Table 6. Comparison of lymph node status of SLNs and
non- SLNs among clinical response after NAC

NO (n=52) N1/N2 (n=45)

Non- SLN status

CR (n=50) PR/SD (n=47)

Non- SLN status

SLN status Positive ~ Negative Positive  Negative SLNstatus  Positive Negative Positive Negative

Positive 4 8 16 8 Positive 6 5 14 1

Negative 2 38 2 19 Negative 2 37 2 20
SLN identified, SLN identified, SLN identified, SLN identified,

52/54 (96%)
False-negative rate,
14%

45/50 (90%)
False-negative rate, 7%

50/55 (91%)
False-negative rate,
15%

47/49 (96%)
False-negative rate, 7%

Table 7. Success rate of sentinel node identification according to tumor characteristics

No. of Attempted Success Rate (%) P
Tumor classification
T2 61 97 % NS
T3 35 94 %
T4 8 63 %
Clinical nodal status
Negative 54 96 % N.S.
Positive 50 90 %
Clinical tumor response
CR 55 91% N.S.
PR/SD 49 96 %
Pathological tumor response
pCR 23 91% N.S.
pINV 81 94 %

In the patients with clinically negative lymph
nodes (NO) before NAC, the SLN identification
rate was 96.3% (52 of 54), and two patients had a
false-negative SLN biopsy, a false-negative rate of
14%. In the patients with clinically positive lymph
nodes (N1/N2), the results were 90% (45 of 50)
and 7%, respectively (Table 5). In the SLN biopsy
results, there was no significant difference
between nodal status prior to NAC.

For patients with complete' tumor response
(CR) after NAC, the SLN identification rate was
91.0% (50/55) and two patients had false-negative
SLN biopsies, resulting in a false-negative rate of
15%. For patients with partial tumor response
(PR) and stable disease (SD), the results were
96.0% (47/49) and 7%, respectively (Table 6). The
SLN identification rate tended to be lower,
although the difference was not statistically signif-
icant, after NAC in patients with CR after NAC as
compared to those with PR and SD.

There was no significant difference in the false-

negative rate according to the tumor classification
before NAC, the clinical lymph node status before
NAC, or the tumor responses after NAC.

There was also no significant difference in the
success rate of SLN identification according to
tumor classifications before NAC, the clinical
lymph node status before NAC, the clinical
response of the tumor after NAC, or the pathologi-
cal response of the tumor after NAC, although the
success rate tended to be lower in patients with a
T4 primary tumor (Table 7).

Discussion

Although the use-of SLN biopsy has dramati-
cally increased over the past several years, and
some experienced surgeons are performing this
procedure without completing axillary dissection,
it is unlikely that SLN biopsy will become the gen-
erally accepted standard of care in axillary staging
until results from ongoing randomized trials

13
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Table 8. Studies of SLN bi0p§y after NAC

" Sentinel Lymph Node Biopsy for Breast Cancer Patients after Neoadjuvant Chemotherapy

No (%) of

No. of Tumor successful SLN  False

patients  Stage size (cm) biopsies negative (%)
Breslin et al,2000 ® . 51 1l or III 5.0 43 (843) 3(12)
Miller et al, 2002’ 35 T1-3NO 3.5 30 (86.0) 0(0)
Stearns et al, 2000 ® 34 T3-4, any N 5.0 29 (85.0) 3(14)
Haid et al,2001 ° 33 T1-3, any N 33 29 (88.0) 0(0)
Julian et al 2002 * 31 Torll NS 29 (93.5) .00
Tafra et al, 2001 # 29° Any T, NO NS 27 93.0) C0(0
Nason et al 2000 * 15 T2-4, NO NS 13 (87.0 3(33)
Shimazu et al.,2004 * 47 II or III 45 44 (93.6) 4 (12)
Current study 104 T2-4, any N 49 97 (93.0) 4 (10)

demonstrate the equivalence of this procedure
with axillary dissection in terms of axillary recur-
rence and overall survival. At the same time, it is
unlikely that the value of sentinel node biopsy fol-
lowing NAC will be established”. The main reason
for this is that only a small proportion of operable
breast cancer patients currently receive NAC,
- making a randomized trial quite difficult. Another
reason is that when the results from the ongoing
randomized trials are disclosed, if they are favor-
able towards the SLN biopsy procedure, the
majority of surgeons will extrapolate the applica-
bility of these results to patients who have
received NAC. Thus, it is quite possible that
demonstrating the. feasibility and efficacy of SLN
biopsy after NAC will depend on the retrospective
data of single-institution experiences.

NAC can reduce tumor size and significantly
increase the ability to perform breast-conserving
therapy'*'®. After NAC, axillary downstaging is
similarly affected. NAC with anthracycline/
cyclophosphamide-containing regimens has been
shown to neutralize the involved axillary nodes in
about 30% of patients'®. The addition of taxanes to
anthracycline/cyclophosphamide-containing regi-
mens has increased the conversion rate to around
40%'**®. With the number of patients receiving
~ NAC increasing, the question arises as to whether
SLN biopsy is an option for these patients. We
summarize the studies regarding SLN biopsy after
NAC in Table 8, but they are inconclusive®®.
Breslin et al.” reported a study of 51 patients who
underwent SLN biopsy after NAC and concluded
that SLN biopsy following NAC is accurate. They
had an identification rate of 84.3% and a false-nega-
tive rate of 12.0%. Nason et al.'” reported a smaller
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number of patients who hard received NAC, and
their identification and false-negative rates were
87.0% and 33.3%, respectively. They concluded that
SLN biopsy resulted in an unacceptably high false-
positive rate. However, in these small series, even
1 or 2 patients with false-negative SLNs can great-
ly affect the conclusions in a different direction.
We report here a study of 104 patients who
received NAC and had an identification rate of -
93.4% and false-negative rate of 10.0%. We con-
clude in our study that SLN biopsy after NAC is
accurate and feasible even for large tumors and
patients with positive axillary nodal status before
NAC without inflammatory breast cancer.

It has been speculated that among patients
who have had their axillary lymph node status
downstaged by NAC, tumors also typically
respond to NAC and shrink so that damage to and
alteration of the lymphatic flow from tumor tissues
to the axillary basin are more likely to occur. This
might then cause an increased false-negative rate
for SLN biopsy and a decreased identification rate
of SLN biopsy. However the hypothesis of the pre-
sent study is that the lymphatic flow around skin
lesions is rich and less influenced by-the effects of
chemotherapy and tumor size than that in the
parenchyma surrounding the tumor. The lymph-
scintigraphy in this study results before and after
NAC demonstrated that the effect of NAC did not
at all change the lymphatic flow of the breast.

The results of our study suggest that SLN biop-
sy after NAC using intradermal injection of radio-
colloid is feasible and can accurately predict axil-
lary lymph node status for patients with clinically
negative lymph node status following NAC. This
procedure could help patients who have had their
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axillary lymph node status downstaged from posi-
tive to negative and patients with large tumors
qualify as appropriate candidates for SLN biopsy.
Further, multicenter studies, involving a larger
number of patients from a variety of clinical loca-
tions, will be required to fully establish the feasi-
- bility and accuracy of SLN biopsy for patients with
breast cancer who have been treated with NAC.
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Case Report

Brain Metastases after Achieving Local Pathological Complete
Responses with Neoadjuvant Chemotherapy

Shunsuke Tsukamoto, Sadako Akashi-Tanaka, Tadahiko Shien, Kotoe Terada, Takayuki Kinoshita
Breast Surgery Division, National Cancer Center hospital, Tokyo, Japan

Background: We encountereéd two patients with inflammatory breast carcinoma who developed
symptomatic brain metastases after achieving local pathological complete responses (pCR) with neoadju-

vant chemotherapy (NAC).

Case presentations: The first patient is a 39-year-old woman (Case 1), who underwent NAC with

AC (doxorubicin + cyclophosphamide) followed by weekly paclitaxel. After achieving a clinical CR (cCR), -
. we conducted a modified radical mastectomy. Pathological evaluation confirmed no residual malignant
cells within the breast tissue or lymph nodes. However, she developed neurological symptoms from
brain metastases one month postoperatively. The second patient is a 44-year-old woman (Case 2). Again,
no residual malignant cells were detected within the breast tissue or lymph nodes following NAC, but the
patient developed symptomatic brain metastases eight months postoperatively. When primary breast
tumors are locally advanced, it may be worthwhile to rule out brain metastases even if pCR is obtained

after NAC.
Breast Cancer 14:420-424, 2007.

'
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Introduction

Neoadjuvant chemotherapy (NAC) is a stan-
dard treatment option for patients with locally
advanced and/or inflammatory breast cancers.
The outcomes of patients achieving pCR of their
primary tumors are significantly better than those
with residual disease'®. Here, we introduce two
patients who developed symptomatic brain metas:
tases shortly after documented pCRs following
NAC and surgery.

Case Report
Case 1

A 39-year-old premenopausal woman -sought
medical attention for erythematous induration of

Reprint requests to Sadako Akashi-Tancka, Breast surgery division,
National Cancer Center hospital, 5-1-1 Tsukiji, Chuc-ku, Tokyo,
104-0045, Japan. :

Abbreviations:
PCR, Pathological complete response; NAC, necadjuvant
chemotherapy; US, ulirasonography; CT, Computed tomogra-
phy; MRI, Magnetic resonance imaging
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her left breast. With a working diagnosis of
inflammatory breast cancer, fine needle aspiration
cytology revealed adenocarcinoma. The patient
was referred to the National Cancer Center Hospi-
tal for further treatment in February 2005. Physi-
cal examination revealed an indistinct 12 cm mass
in the upper area of the left breast, and the sur-
face of this lesion exhibited a peau d’orange
appearance. Axillary and supraclavicular lymph
nodes were palpable and measured 4 and 2 cm in
diameter, respectively. The axillary lymph node
was fixed to the surrounding tissue. Ultrasonogra-
phy (US) revealed a 7 cm breast mass with der-
mal thickening, edematous subcutaneous tissue,
and enlarged lymph nodes (Fig 1a). These find-
ings were also observed on computed tomogra-
phy (CT) and magnetic resonance imaging (MRI).
Core needle biopsy led to a pathological diag-
nosis of invasive ductal carcinoma (grade 3,
nuclear grade 3, and HER-2 negative) (Fig 2a).
The tumor was negative for both estrogen and
progesterone receptors. Chest X-ray, bone scintig-
raphy, abdominal US, and chest and abdominal
CT revealed no distant metastases. Due to the
presumed low incidence of brain metastases at
this clinical stage, brain imaging was not done at
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Fig 1. (a) USreveals a 7 cm breast mass with overlying skin
thickening, edematous subcutaneous tissue. (b) US reveals no
residual tumor following neoadjuvant chemotherapy.

this point. Inflammatory breast cancer of the left
breast was initially diagnosed, T4dN3MO, Stage
ITIIC, according to the general rules for clinical
and pathological grading of breast cancers?. She
received NAC from February to July consisting of
doxorubicin and cyclophosphamide (60/600
mg/m’) 4 times every 3 weeks, followed by pacli-
taxel (80 mg/m’) weekly for 12 weeks. Following
NAC, only induration of her left breast was appar-
ent upon physical examination, and no breast
masses or axillary lymph nodes were detected by
US (Fig 1b) and CT. Additionally, serum levels of
tumor markers (CEA, CA 15-3, ST 439) remained
within normal limits before and after chemothera-
py. We subsequently conducted a modified radical
mastectomy in August, and no malignant cells
were detected in the resected breast tissue and
dissected axillary lymph nodes (Fig 2b). However,
the patient presented with vertigo and severe
headache prior to the initiation of radiotherapy to
the left chest wall in September. Brain MRI
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Fig 2. (a) Core needle biopsy reveals

ma, grade 3, nuclear grade 3..(b) No residual tumor is detect-
ed. The presence of inflammatory cells surrounding a duct
with an increased humber of enlarged capillary vessels, typical
after tumor disappearance, is observed. (hematoxylin-eosin
staining, X 100).

revealed multiple metastatic lesions in her right
frontal lobe, temporal lobe, and bilateral cerebel-
lum (Fig 3). To control her symptoms, whole-
brain radiotherapy with a total dose of 30 Gy/10
fractions was incorporated in October. However,
her condition deteriorated, and she expired in
December.

Case 2

A 44-year-old premenopausal woman was seen
at a nearby hospital with a chief complaint of an
erythematous enlarged right breast. Inflammato-
ry breast cancer was suspected, so she was
referred to our institution in December 2004.

On initial examination, the right breast was
firm, erythematous, and edematous with a thick-
ened dermis. Axillary and supraclavicular lymph
nodes were palpable and measured 5 cm and 1 cm

. ' 421
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Fig 3. The metastatic lesions exhibited high signal intensity
in the right temporal lobe by T1 weighted MRI.

in diameter, respectively. CT showed a large right
breast mass with an edematous dermis and subcu-
taneous tissue.Additionally, the axillary and supra-
clavicular lymph nodes were enlarged (Fig 4a).
The specimen obtained by the core needle biopsy
was consistent with an invasive ductal carcinoma
(solid tubular type, grade 3, nuclear grade 3, HER-

2 negative, estrogen and progesterone receptor

negative) (Fig 5a). No metastatic lesions were
detected by bone scintigraphy, chest X-ray, chest
CT, or abdominal US, though diagnostic brain
imaging was not performed at that time. Serum
tumor markers were elevated, with a CEA of 52.4
ng/ml, CA 153 of 279 U/ml, and NCC-ST 439 of
910 U/ml. Inflammatory breast cancer, T4dN3MO,
Stage IIIC* was diagnosed. She underwent NAC
from December to May 2005, using the same
treatment regimen as Patient 1. Following NAC,
physical examination revealed only induration of
the right breast with slight thickening of the over-
lying skin. CT revealed a slightly enhanced, 3-cm
lesion in the breast (Fig 4b) without enlarged
lymph nodes. All tumor markers were within nor-
mal limits after chemotherapy. We performed a
modified radical mastectomy in July, and no tumor
cells were pathologically detected in the breast tis-
sue and axillary lymph nodes (Fig 5b). Following
surgery, we performed local radiotherapy with a
total dose of 60 Gy/30 fractions from-August
through October. However, the patient developed
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Brain Metastasis after pCR
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Fig 4. (a) CT shows a large right breast mass with overlying
edematous subcutaneous tissue and thickened skin. This is
not the early phase but late phase scan of breast CT, because
only chest CT without an early phase scan was performed to
detect distant metastasis instead of breast CT. (b) CT scan
reveals a massike lesion measuring 3 cm, without enhance-
ment, in the right breast.

headache and ambulatory disturbance in early
December. Brain CT and MRI scans performed
in March 2006 detected a tumor measuring 5 cm
in diameter in her right temporal lobe with sur-
rounding edema (Fig 6). A right frontotemporal
craniotomy followed by whole-brain radiotherapy
of 37.5 Gy/15 fractions was carried out from
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staining, X 100).

Fig 6. MRI demonstrates a tumor measuring 5 cm in diame-
ter, with surrounding edema, in the right temporal lobe.

March through April. Intracranial recurrence is
now controlled three months after radiotherapy.

Discussion

Several studies have indicated that breast can-
cer patients with pCR following NAC have better
overall survival and disease-free survival rates'.
Moreover, pCR of axillary lymph nodes is an

Fig 5. (a) Core needle biopsy reveals invasive ductal carcinoma, grade 3, nuclear grade 3
Many foamy cells and a disturbance of the fiber rows after the disappearance of the tumor are observed (hematoxylin and eosin

excellent prognostic factor for locally advanced
breast cancers®®. The two cases presented were
first diagnosed with inflammatory breast cancer
with axillary and supraclavicular lymph node
metastases. The patients achieved pCR for both

_ the main tumors and the axillary lymph nodes fol-

lowing NAC, and favorable prognoses were
expected from the published literature. However,
both patients developed symptomatic brain metas-
tases soon after mastectomy. - The interval
between surgery and the occurrence of neurologi-
cal signs was only one month for Patient 1 and five
months for Patient 2. This led us to the theory
that the blood brain barrier restricted access of
the chemotherapeutic agents to the central ner-
vous system. Therefore despite locally effective
NAC, occult brain metastases may continue to
progress into clinical significance. This theory
may help us understand the progression of brain
metastases in these patients®. There have been no
reports examining the rates of brain metastasis
following NAC. Yet there are reports of patients
receiving adjuvant chemotherapy having an
increased incidence of brain metastases as the site-
of first recurrence compared to control®™, In the
present cases, we suspect that subclinical metas-
tases were present in the brain before initiating
NAC. It is likely that, because of inadequate deliv-
ery of cytotoxic agents to the brain, these metas-
tases continued to grow despite effective tumor
control elsewhere the body.

Several studies have identified risk factors for
brain metastases in patients with breast cancer.
Young age' ™, unresponsiveness to the hormonal
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therapies, and HER-2 over expression are report-
ed risk factors™'”. Intracranial metastases are
also related to the use of trastuzumab™. In the
two patients presented here, relatively young age
~ and the absences of both estrogen and proges-
terone receptor were concordant risk factors for
developing brain metastases.

The combination of NAC and surgery can lead
to favorable outcomes in many cases of breast
cancer, but effective control over the primary
lesions and the extracranial micrometastases by
the cytotoxic agents may not predict future
intracranial event. The ‘blood brain barrier would
likely prevent chemotherapeutic agents from
reaching the central nervous system. As a conse-
quence, brain metastases may continue to grow
and become symptomatic despite pCR of primary
sites and lymph node metastases. This can be a
concerning factor, especially in patients at risk for
developing brain metastases. Further investiga-
tions are warranted to identify the mechanisms
leading to intracranial metastases, as well as pre-
therapeutic risk factors.
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