medium that lacked leucine and uracil (SC-Leu-Ura), or for
5FOA resistance, by growing them on synthetic medium
containing SFOA (Ilmg/ml). If 80% or more of
transformants were Ura*/SFOA®, the sample was scored as
negative for the protein-truncating mutation, indicating a
homozygous wild type. If less than 80% of transformants
were Ura*/SFOAS, we amplified the PCR fragment again
and repeated the SC assay to confirm the final result. If the
result showed less than 80% Ura*/SFOAS® again, the sample
was positive for the presence of the heterozygous protein-
truncating mutation.

DNA sequencing

We sequenced approximately 23.0kb of the BRCA1I and
‘BRCA?2 genes that contained all the coding exons and their
flanking exon-intron boundaries. Except for exon 11 of
both the BRCA genes, each coding exon and the flanking
intron was amplified with a set of upstream and downstream
primers and was sequenced by 1-3 sequence primer(s).
Exon 11 of each of the BRCAI and BRCAZ2 genes was
sequenced using 16 and 18 primers, respectively. All of
the primer sequences are listed at our website (http:/
www.idac.tohoku.ac.jp/dep/co/data/saka/brca0l.htm) and
all sequencing reactions were performed using a CEQ
DTCS Kit or CEQ DTCS-Quick Start Kit (Beckman
Coulter, Fullerton, CA, USA) and a GeneAmp PCR
System 9700 (Perkin-Elmer, Norwalk, CT, USA), and
then processed by an automated capillary sequencer
CEQ2000 or CEQ2000EX (Becknan Coulter).

Results and discussion

We have described previously the SC assay for the BRCAI
gene and the APC gene, a gene that is responsible for
familial adenomatous polyposts (Ishioka et al. 1997). In the
SC assay, a PCR-amplified DNA fragment derived from
patient cDNA or genomic DNA was recombined into a
specific gap vector harboring the yeast URAJ gene, and the
yeast transformant was selected as a colony using an appro-
priate selection medium (SC-Leu). The inability to express
the URA3-fusion protein depends on the existence of a
protein-truncating mutation within the inserted PCR frag-
ment. Therefore, most of the colonies (=80%) are able to
grow on a medium lacking uracil (Ura*) when the patient
DNA fragment has neither nonsense nor frame-shift muta-
tions. If the patient’s DNA contains a heterozygous protein-
truncating mutation, approximately half of the colonies
cannot grow in the same medium (Ura™). So far, the same
or a similar yeast-based assay has been applied to other
genes (Ishioka et al. 1997; Suzuki et al. 1998).

In this study, we constructed a plasmid system for an SC
assay of the BRCAZ2 gene (Fig. 1B), which divides the open
reading frame of the BRCA2 gene into six fragments (Fip.
tA) and inserts each of them into a BamHI fragment of the
pCI-HA(URA3J)-2 (Ishioka et al. 1997; Suzuki et al. 1998)
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(Fig. 1B). When these plasmids are introduced into urad”
yeast cells, the yeast cells can be positively selected on the
plate lacking uracil (Ura®) or negatively selected on the
plate containing SFOA (SFOA®) (data not shown). These
vectors were digested by one or two restriction endonu-
cleases (Fig. 1B) and used as gap vectors. We confirmed
previously that cotransformation of each of the gap vectors
with corresponding PCR fragments with or without a
known protein-truncating mutation resulted in a Ura™/
SFOAR or Ura*/SFOA® yeast phenotype, respectively.

Screening protein-truncating mutations by SC assay

Using the SC assay of BRCAI (Ishioka et al. 1997) and
BRCA2? (earlier), we screened a total of nine fragments
covering the coding sequences of both BRCAT (three frag-
ments) and BRCA2 (six fragments) in 29 breast cancer
patients (24 families) whose BRCA status had not been
examined. A technician who was not informed about the
patients’ clinical background and the results of the DNA
sequencing performed the SC assay. In 12 cases, both ge-
nomic DNA and RNA were available and, therefore, we
examined all nine DNA fragments. In the remaining 17
cases, we examined only four (BR1b, BR2/ex10, BR2b, and
BR2¢) fragments that covered approximately 57% of the
coding sequences (Fig. 1A.) because RNA was not available
and it was impossible to perform reverse transcriptase
(RT)-PCR to amplify the remaining fragments. Among the
176 fragments we analyzed, the majority (172) were nega-
tive for the SC assay; 80% or more of the colonies were
Ura* (mean £SD = 90.0 * 6.5%), which showed that there
were no protein-truncating mutations in these fragments
(Fig. 2A). The remaining four fragments that were derived
from different patients were positive for the SC assay be-
cause a significantly lower number of Ura® colonies were
found (Ura* fraction <80%) (Fig. 2A). To confirm the
results, we reexamined the SC assay using independently
amplified PCR fragments, Three of the four fragments
(cases BR0O7, BROOS, and BRO01) again were positive,
and, therefore, were thought to have retained a protein-
truncating mutation within each fragment. Representative
results are shown in Fig. 2B. The remaining fragment, which
was derived from cDNA (BR2a fragment) and previously
had a72% Ura* fraction, had a negative score (88%) in the
second experiment. Although we did not pursue the cause
of low fidelity in this case, we had found previously that the
RT reaction sometimes caused unexpectedly lower fidelity
and that this issue was usually resolved by repeating the
experiment. Therefore, we concluded finally that the BR2a
{ragment was negative for the SC assay, Because, in general,
it is impossible to check and control the quality of RNA
strictly, we stress that the repeat analysis and confirmation
of the mutations by DNA sequence analysis are important,
especially when the PCR fragment is derived from RT-PCR
and the Ura” fraction is close to the cut-off value (80%). So
far, 424 BRCAI or BRCA2 fragments have been screened
using the SC assay, and the Ura*® fraction (mean = SD) was
5242 8.9% (n=17) or 89.3 = 7.1% (n = 407) in fragments
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with or without a heterozygous mutation. To evaluate the
cut-off value (80%) of the SC assay, we drew the ROC
(receiver operating characteristic) plots (Zweig and
Campbell 1993) based on the individual data of this study.
The plots indicated that any values from 60% to 80% of the
rational cut-off value warranted good sensitivity {=1.00)
and specificity (>0.99). Therefore, the value of 80% should
be a reasonable cut-off value and may minimize possible
false-negative cases in future studies.

Detection of sequence variations in the coding sequences
by direct DNA sequencing

To confirm the sequence variations, we sequenced the Full-
length coding sequences and the flanking introns of the
BRCA! and BRCAZ genes using genomic DNA in all of the
cases by automated direct sequencing, a standard method
for mutation detection. Two technicians who were blind
to the patients’ clinical backgrounds and the results of the
SC assay performed the DNA sequencing. We found five
protein-truncating mutations, including three frameshift
mutations (2389-2390delGA in exon 11 of BRCAI
3830delA in exon 11 of BRCAZ2, and 6491-6495delAGTTG
in exon 1l of BRCA2) and two nonsense mutations
(C1372X in exon 12 of BRCAI and $2835X in exon 20 of
BRCAZ2) (Table 1). During the sequencing analysis, we also
found 40 other sequence variants (16 in BRCA? and 24 in
BRCA2) within the coding regions and their Ranking in-
trons (data not shown). We concluded that most of these
variants are common polymorphisms because they are
found repeatedly in other patients and because some of
them have been reported in an SNP database. However,
they also contain 12 SNPs (5 in BRCAI and 7 in BRCA2)
that were found only once in this study and not reported
previously (Table 1). In the case of the five SNPs that sub-
stitute a single amino acid, there is a possibility that they
contain pathogenic missense mutations, but there is no reli-
able functional assay at present.

Diagnostic accuracy of the SC assay for detecting
protein-truncating mutations '

To examine the diagnostic accuracy of the SC assay, we
compared the results of the SC assay with the DNA se-
quencing data (Fig. 3). We found no protein-truncating

«
Fig. 2A,B. Distribution of Ura' (ractions (Ura* colonies/total colonies

. assayed). A The result of the SC assay of both BRCA! and BRCA2

genes is shown for a total of 176 (ragments derived from specimens
(116 genomic DNA and 60 cDNA) of this study. B Representative
results of the SC assay showing heterozygous mutations. Right panel,
The yeast transformants (25 clones) derived from the BRIb fragment
of cases BROO? (rop), BR2b fragment of BRUDS {middlie), and BR2d
Fragment of BROO! (borrom) were evaluated for their ability to grow in
synthetic media lacking uracil. Approximately one half of the
transformants (44%-56%} did not grow. A specific mutation shown
under each panel was finally detected by DN A sequencing, Left panel,
Negative controls for the corresponding DNA fragments derived from
patients without any protein-{runcating mutation. More than 80% of
colonies grew. WT, Wild type
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Table 1. Sequence variants (polymorphism and mutation) of BRCAT and BRCAZ genes

Fig. 3. Diagnostic accuracy of the SC assay for detection of protein-
truncating mutations in both BRCA and BRCA2 genes. The results of
the SC assay were compared with that of direct DNA sequencing.
Values in the box indicate the number of fragments used in the SC
assay. Valiees in parentheses indicate the results after reassay of {rag-
ments that were positive in the first screening

mutaticn in the DNA sequences of the 172 fragments that
were negative for the SC assay, indicating that the negative
predictive value was 100%. Of the remaining four frag-
ments that were positive for the SC assay, three fragments
contained protein-truncating mutations (Fig. 2B, Table 1).
Only one fragment that was positive in the first screening
had no protein-truncating mutation (false-positive case),
but this was eventually scored as negative after repeating
the assay (see earlier). Among the five protein-truncating
mutations detected by DNA sequencing, two mutations
could not be compared with the SC assay because no RNA
was available. Therefore, the SC assay detected all protein-
truncating mutations within the examined DNA fragments
(sensitivity, 100%). Because there was one false-positive
case in the first screening, the specificity of the assay was
99% (172 of 173) but the vaiue finally became 100%. These
results indicate that the SC assay is sufficiently sensitive
and specific to screen protein-truncating mutations of the

Case number  Allele ID Location  Nucleotide change Sequence (3 to 3") Interpretation
§ protein-truncating muiations .
BROO7 BRCAL.7 Exon L1 2389-2390deiGA gacaaaaaca GA/-accaaataaa Frame-shift mutation
BRO17 BRCAl-1l  Exonl2 4116T>A catetggzig T/A gagagigaaa Nonsense mutation (C1372X)
BRODS BRCA2.18 Exon 1l 3830delA aagatagaaa A/- teataatgal Franie-shifl mutation
BROO! BRCA222 Exonll 6491-6495del AGTTG  gacaaacaac AGTTG/- gtattaggna  Frame-shift mutation
"BROL3 BRCA2-26  Exon20 8304C>A gagaagacat C/A atclggatla Nonsense mutation (S2835X)
12 sequence variations found once in this study
BRO2S BRCA14 Exon 11 814G>A gageeatgtz G/A cacaaatact G275D
BRO27 BRCA1-13  Intron 14 IVSI4+14A>G agaaacatca A/G tataaagatg Close to exon-intron boundary
BRO13 BRCAI-15 Exonlé 4833T>C tataatgeaa T/C ggaagaaagt ML628T
BRO27 BRCAI-17 Intron 22 IVS22+31A>T gagagggagg A/T cacaatatte Close to exon-intron boundary
BROO6 BRCAL-18  Intron23  IVS23+8G>T atggtaaggt G/T cctgeatgta Close to exon-intron boundary
BRO17 BRCA2-2 Intron 2 [VS2.16T>A taaggtassa T/A tuettetta Close to exon-intron boundary
BRO26 BRCA2-3 Intron 2 V82-9T>G ggattreert T/G ttaaatagat Close to exon-intron boundary
BR(28 BRCA2-8 Exon 10 T98T>C grealggatt T/C ggaaaaacat F266 silent
BROZ3 BRCA2-12 Exon 10 1744A>C titaatatce A/C cittgaanaa T582P
BRO20 BRCA2-17 Exonlli 3420T>C tgcagaagag T/C acattigaag S1140 silent
BRO23 BRCAZ-19 Exonll 4566G>T ctactetgtt G/T ggtttteata L1522F
BRO30 BRCA220 Exonll 6131G>T teccaaaaag O/T ctttteatat G2044V
direct DNA sequencing = BRCAI and the BRCA2 genes, even in a population that
(protein-truncating mutation) CcOntains small fractions of BRCA mutations.
. . We have reported previously on the analytical validity of
positive  negative the SC assay for the BRCAI gene using blood samples with
or without known BRCA! truncating mutations, and we
positive 3 100 have also discussed the technical advantages of the SC assay
(Ura® ftotal <80%) (©) over the PTT (Ishioka et al. 1997). In this study, we ex-
SC assay ¢ panded the application of the SC assay to the BRCAZ gene,
. and confirmed the diagnostic accuracy of the SC assay for
negative 0 172 (173 both BRCAI and BRCA2 genes by analyzing specimens
(Ura® /total >80%) (173) with unknown BRCA status in a blind manner. Once an
examined specimen is positive in the SC assay, only 0.8-

3.4kb DNA sequencing is needed to detect a protein-
truncating mutation. We conclude that the SC assay is a
useful and reliable screening method to detect pathogenic
protein-truncating mutations in both BRCA genes. Apart
from the technical advantages, we also note that the SC
assay has an economical advantage. We have calculated the
net cost (labor cost not included) for detecting protein-
truncating mutations with or without the use of the SC
assay, The cost of the SC assay for screening plus DNA
sequencing only for SC assay-positive fragments was signifi-
cantly lower than that for full-length DNA sequencing in ali
specimens; e.g., if the fraction of BRCA-truncating muta-
tion is 20% in a population, the former costs only 11.4% of
the latter. The advantage of the SC assay over the PTT
should be validated by comparing the two assays in a large
number of clinical samples.

We also showed that the frequency of the BRCAI and
BRCA2 gene mutations in our Japanese familial breast can-
cer patients was similar to that among similar patients in
Western countries, which confirms previous reports (Ikeda
et al. 2001; Inoue et al. 1995; Inoue et al. 1997; Takano et al.
1997). However, care should be taken in interpreting the
data because there were some differences, for example, the
number of breast cancer patients in the families of the two
populations. Furthermore, there may be mutations that
could not be detected by the current screening system and
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DNA sequencing, such as a largely deleted mutant allele
that has been observed in other ethnic populations (Petrij-
Bosch et al. 1997; Puget et al. 1999a; Puget et al. 19990;
Puget et al. 1997; Swensen et al. 1997), and that could not
be described as missense mutations because there is no
functional assay available. In fact, it has been reported
that at least 10%=-15% of deleterious BRCAI mutations
are missense mutations. These issues need to be resolved
by developing other methods, including a reliable, rapid,
and accurate functional assay.
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Background: Ductal carcinoma in situ (DCIS) of the breast is known to possess characteristics
of the pre-invasive stage of breast cancer and is the precursor to invasive ductal carcinoma
(IDC). However, the natural history of the progression from DCI!S to IDC remains unknown at
the molecular level.

Methods: We investigated the loss of heterozygosities (LOHs) in tumors of seven patients with
a history of breast biopsy. The seven specimens were diagnosed as DCIS on histopathological
re-examination. These patients were diagnosed with ipsilateral breast cancer a few years after
biopsy. We used thirteen selected microsatellite markers that were mapped to and/or very
close to the tumor suppressor genes or regions with frequent LOHs in breast cancer. DNA iso-
lated from microdissected formalin-fixed, paraffin-embedded tissues was subjected to a PCR-
LOH analysis for these chromosome loci, and the pattern of LOHs was compared between the
two asynchronous lesions for the seven cases.

Results: In all patients except one, the LOHs were concordant at 91% as the informative chro-
mosome loci in cases 1 to 6 were 56, and the concordance in LOH pattern between DCIS and
IDC was detected at 50 loci. The LOHs had accumulated in accordance with the tumor progres-
sion from DCIS to IDC. The recurrent lesion occurred at or near the site of the primary biopsy
and had similar or identical histopathologic features.

Conclusions: These recurrences observed were probably residual disease rather than true
recurrences. Our results suggest the following: (i) genetic alternations accumulate during
cancer progression from DCIS to IDC, (i) DCIS is a lesion that has a high risk of developing
invasive transformation and (iii} after approximately 5 years without treatment, DCIS may

develop into IDC.

Key words: breast cancer — LOH — DCIS — IDC ~ natural history

INTRODUCTION

Genetic alternations, including activation of oncogenes and
inactivation of tumor suppressor genes, are involved in the
development of human breast cancer (1,2). Several studies
have reported the loss of heterozygosities (LOHs) in invasive
ductal carcinoma (IDC) and ductal carcinoma in situ (DCIS)
(3-6). LOHs is also frequently found on several chromosome
arms in IDC and DCIS. To date, specific allelic losses have
been reported in chromosome arms 6q, 8p, 11q, 13q, 16q, 17p
and 17q.

Many IDCs have histopathologically spread as a result of
intraductal components (DCIS) (7). IDC is believed to gener-

For reprints and all correspondence: Noriaki Ohuchi, Division of Surgical
Oncology, Tohoku University School of Medicine, 1-1 Seiryo-machi, Aoba-
ku, Sendai 980-8574, Japan. E-mail: noriakio @tains.ce.tohoku.ac jp

ally arise from DCIS. Therefore, it is important to understand
the genetic alternations that lead to the transformation of DCIS
into IDC. We had previously analyzed the LOHs in patients
harboring synchroncus atypical ductal hyperplasia (ADH),
DCIS and IDC and found that higher frequencies of LOHs
were observed in parallel with the tumor progression from
ADH to DCIS and then to IDC (8). Fujii et al. analyzed LOH
in patients harboring synchronous DCIS and IDC and found
that LOH in DCIS was also observed in synchronous IDC (9).
The data supported the idea of a stepwise progression from
DCIS to IDC,

An understanding of the natural history of DCIS is thus
the basts of prognostication and therapeutic recommendation.
Despite the abundant molecular data on breast cancer in gen-
eral, the natural history of the progression from DCIS to IDC
remains unknown at the molecular level because it is difficult
to follow the pathological progression from DCIS to IDC in the

© 2003 Foundation for Promotion of Cancer Research
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Table 1. Summary of the clinical characteristics and pathologic data

Jpn J Clin Oncol 2003;33(11) 557

Case Site Lesion Date of biopsy DCIS Surgical margin ~ Date of operation  Intraductal components  Interval time (months)
Necrosis Necrosis
Nuclear grade Nuclear grade
Architectural pattern Architectural pattern

Case |l Right SL 1977/12/01 necrosis (-} positive 1980/04/0% necrosis (-) 28
NG 1 NG 1
sol, crib sol, crib

Case2 Left SL 1982/08/20 necrosis (-} positive 1985/05/14 necrosis (-} 33
NG2 NG2
pap, crib pap. crib

Case3 Right SL 1986/11/14 necrosis (-} positive 1992/02/07 necrosis (-} 63
NG2 NG2
low pap low pap

Case4 Right SL 1988/02/29 necrosis (-} positive 1995/07/10 necrosis (=) 89
NG 1 NG 1
crib, sol crib, sol

Case 5 Left SL 1989/11/17 necrosis (-} unknown 1994/11/09 necrosis (-} 60
NG2 NG2
crib crib

Case 6 Left SL 1992/11/18 necrosis (=) unknown 1997/06/24 necrosis («) 55 .
NG2 NG2
sol, pap sol, pap

Case7 Right AL 1987/04/10 necrosis (-) unknown 1992/11/18 necrosis (-) 67
NG2 NG I
low pap sol

SL, same lesion; AL, another lesion; NG, Nuclear Grade; NG 1, low nuclear grade; NG 2, intermediate nuclear grade; NG 3, high nuclear grade; sol, solid; crib,

cribriform; pap, papillary; low pap, low papillary.

same patient. The diagnosis of DCIS cannot be established
without first removing a breast lesion for microscopic exami-
nation. A follow-up of such patients after the biopsy would be
the best way to predict the clinical outcome of the disease. We,
therefore, decided to evaluate and compare the molecular and
clinicopathologic features of a selected number of patients
with primary DCIS, who were treated only by biopsy and later
had recurrent IDC lesions (asynchronous lesions) of the breast,
using the LOH analysis to characterize the relationship
between the two events at the molecular level.

PATIENTS AND METHODS

SAMPLES ANALYZED

We selected patients with a history of breast biopsy, which was
histopathologically diagnosed as benign. These patients were
diagnosed with ipsilateral breast cancer, IDC, approximately
2 years after the biopsy. In each case, paraffin-embedded,
hematoxylin—eosin stained sections were re-exarnined by three
authors (MA, TM, NO) in accordance with the Consensus con-

ference on the classification of DCIS (10). In this study, we
examined samples from seven patients diagnosed with DCIS
(non-comedo type).

The seven cases comprised Japanese patients with sporadic
breast cancer. Three of them were from Tohoku University
Hospital in Sendai, two from other hospitals in Sendai and two
were from Kurashiki. Informed consent regarding the usage of
their samples for genetic experiments was obtained from the
patients who were treated in Tohoku University Hospital. All
the tumor specimens (primary DCIS and recurrent IDC) were
fixed in formalin and embedded in paraffin. These paraffin-
embedded tissues were sectioned at 3 pm, stained with hema-
toxylin and eosin and then re-examined histopathologically.
In recurrent IDCs, intraductal components of IDC were also
examined and evaluated and then compared with primary
DCISs. The clinical characteristics and pathologic data of the
seven cases are summarized in Table 1.

MICRODISSECTION AND DNA EXTRACTION

In each case, the formalin-fixed and paraffin-embedded tissues
were sectioned at 10 pm. [n situ cancer (primary DCIS) cells,
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Table 2. Results of LOH analysis of primary DCIS and recutrent IDC

Case ] Case 2 Case 3 Case 4 Case 5 Case 6 Case 7
DCIS IDC DCIS IDC DCIS IDC DCIS IDC DCIS IDC DCIS IDC DCIS IDC

D3S1300  + + + + + + - - + - n n - +
D6S262 + + + + n n - - + + n n n n
D8s137 n n n n - - - - + - - +
D8S339 4+ + + + - - + - + + n n + -
D95126 n n + + + + - - - - + + + +
D11S899 n n + + + + + + n n + + + +
D118528 n n + + + + - - - - n n - -
DI13S267 - - + + + + n n + + - +
D163S514 n n + - n n - - n n _ -
Di65422 + + n n - - - - n n - - + -
Di78928 + + + + - - + + n n

TP33 + - + + n n + + + + + +
DI7S800 + + + + n n n n + - + + + +

+, retained heterozygosity; —, loss of heterozygosity; n, not informative due to homozygosity.

invasive cancer cells (recurrent IDC) and normal cells were
collected by microdissection using the Laser Captured Micro-
dissection system, LM100 (Olympus, Japan) {11). DNA was
extracted by a standard procedure, according to methods
described previously (12).

LOH ANALYSIS

Thirteen selected microsatellite markers, which were mapped
to and/or very close to the tumor suppressor genes or regions
with frequent LOHs in breast cancer, were used in this study.
Primers for PCR amplification of these markers were designed
based on the nucleotide sequences obtained from the GenBank
database. Nucleotide sequences of the primers and annealing
temperatures of PCR amplifications have been described previ-
ously (8). One out of each pair of primers was labeled with Cy
5 (Pharmacia Biotech, Uppsala, Sweden), and PCR ampli-
fications and electrophoreses were performed according to
methods described previously (13) using an ALFred DNA
Sequencer with Fragment Manager software (Pharmacia Bio-
tech, Piscataway, NJ). An allelic loss was defined as a more
than a 50% reduction in the area of a peak calculated in the
tumor as compared to that of a corresponding normal tissue.
PCR reactions were performed twice per marker to confirm
LOHs in both primary DCIS and recurrent IDC.

RESULTS

All the seven primary lesions were histopathologically diag-
nosed as a benign proliferative disease, but the re-examined
diagnosis for all revealed DCIS (non-comedo type), van Nuys
classification Group 1 (14). A total of seven cases with primary
DCIS and recurrent IDC were analyzed using 13 selected
microsatellite markers that are the predicted loci for locali-

zation of tumor suppressor genes (TSGs) for breast cancer.
Microscopic examination of the biopsy specimens for primary
DCIS revealed that the surgical margins of these specimens
were clearly positive in cases 1 to 4. However, the surgical
margins in cases 5 to 7 were undetermined because only one
slice of the specimen was used and other aspects of the surgi-
cal edge were unclear. The time interval between the data of
the first biopsy (primary DCIS) and that of the curative opera-
tion {recurrent IDC) was 28~89 months; the mean time was 55
months. None of the women, who had a positive family history
of breast cancer, received any form of radiation therapy,
hormonal therapy or chemotherapy after the biopsy of the
primary lesions.

ol
A
A

Case5 -
(D175800)

DCIS

%?%
b

Normal

Case 1
(138267

Case 7
(D115528)

Figure 1. Examples of microsatellite analyses. Case 5 showed no allelic loss in
ductal carcinoma in situ {DCIS} and showed a new allelic loss in invasive
ductal carcinoma (IDC). Case 1 showed allelic loss in both DCIS and IDC.
Case 7 showed the loss of a shorter allele in IDC, and a longer allele in DCIS.
Arrows indicate lost alleles.
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. intraductzl component of 1IDC: B, 1DC: C), Case 2 (DCIS: D,

intraductal component of IDC: E, IDC: F), Case 3 (DCIS: G, intraductal component of 1DC: H, 1DC: 1), Case 4 (DCIS: J, intraductal component of IDC: K, IDC:
L). Cases 1 10 4 showed similar nuclear grudes and arvchitectural pattems for primary DCIS and recurrent IDC. LOHs in the primary DCIS were also observed in

the recurrent IDC.

[.OHs were observed at one or more of the tested loci in all
seven cases. The incidence of LOH in each locus is shown in
Table 2. Typical examples of LOH analyses are shown in Fig.
1. In all cases except one (case 7), the LOHs were concordant
at 91% (50/56) as the informative chromosome loci in cases |
to 6 were totally 56, and the concordance in LOH pattern
between DCIS and IDC was detected at 50 loci. Even if the
LOH pattern differed, the LOHs had accumulated in accord-
ance with the tumor progression from DCIS to IDC. The recur-
rent lesion occurred at or near the site of the primary biopsy
and had similar or identical histopathologic features.

Case | showed one LOH at 13q in primary DCIS and an
additional LOH at p53 in recurrent IDC. Recurrent IDC
appeared at the edge of the primary operation scar; the time
interval from progression of primary DCIS to recurrent [DC
was 28 months. Comedo-necrosis was not observed, and the
nuclear grade was low (NG 1} in both primary DCIS and
recurrent IDC. Similarly, the architectural pattern of DCIS
was cribriform + solid in both primary DCIS (Fig. 2A) and
recurrent IDC (Fig. 2B).

Case 2 showed no allelic loss in primary DCIS, however, a
new allelic loss was observed at 16q in recurrent IDC. Recur-
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Figure 3. Histopathological appearances of primary DCIS and recurrent [DC. Case 5 (DCIS: A, intraductal component of [DC: B, IDC: C}, Case 6§ (DCIS: D,
intraductal component of IDC: E, IDC: F), Case 7 (DCIS: G, intraductal component of IDC: H, IDC: I). Cases 5 and 6 showed similar nuclear grades and
architectural patterns for primary DCIS and recurrent IDC. LOHs in the primary DCIS were also observed in the recurrent IDC. Case 7 showed different nuclear

grades, architectural patterns, and allelic losses between DCIS and IDC,

rent lesions appeared at the edge of the biopsy scar, and
the time interval was 33 months. Comedo-necrosis was not
observed, the nuclear grades were intermediate (NG 2), and
the architectural patterns were papillary + cribriform in both
lesions (Fig. 2D, E).

Case 3 showed identical LOHs at 8p, 16q and 17p and no
new LOHs in the recurrent Jesions. Recurrent lesions appeared
at the biopsy scar, and the time interval was 63 months.
Comedo-necrosis was not observed, and the nuclear grades and
architectural patterns were similar in both lesions (Fig. 2G, H).
Case 4 showed identical allelic losses at 3p, 6q, 8p, 9p, 11q and
16q and a new loss at 8p in the recurrent lesion. The recurrent
lesion appeared near the primary lesion, and the time interval
was 89 months. Comedo-necrosis was not observed, and the
nuclear grades and architectural patterns were similar in both
lesions (Fig. 2J, K).

Case 5 showed identical allelic osses at 9p, 11q and 16q and
new losses at 3p and 17q in the recurrent lesion. The recurrent
lesion appeared at the primary scar, and the time interval
was 60 months. Comeclo-necrosis was not observed, and the

nuclear grades and architectural patterns were similar in both
lesions (Fig. 3A, B). '

Case 6 showed LOH at 16q and a new LOH at 8p in recurrent
IDC. The recurrent lesion appeared at the edge of the primary

“lesion, and the time interval was 55 months, Comedo-necrosis

was not observed, and the nuclear grades and architectural
patterns were similar in both lesions (Fig. 3D, E).

Case 7 showed LOHs at 3p, 8p, 11q, 13q and 16q in primary
lesions, however, LOHs were observed at 8p, 1lq and [6q
in the recurrent lesion. The recurrent and primary lesions
appeared in different quadrants. Comedo-necrosis was not
observed in both lesions. The nuclear grade was NG I1 in pri-
mary DCIS but NG I in IDC. The architectural pattern was
micropapillary in DCIS (Fig. 3G) and solid in [DC (Fig. 3H).
This case s considered to have different clonality in IDC and
DCIS because the appearance of lesions; the nuclear grades,
architectural patterns and allelic losses for DCIS and IDC were
all different.

In all the cases, the architectural pattern of DCIS associated
with IDC was non-comedo, and the nuclear grade was low or
intermediate. Cases | to 6 not only showed the same clonality,
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but also exhibited similar nuclear grades, architectural patterns
and appearance of lesions between the primary DCIS and
recurrent IDC. Furthermore, all the allelic losses observed in
the primary DCIS were also observed in the recurrent IDC. Tn
all these cases, the time interval between diagnosis of primary
DCIS and the recurrent IDC was 28~89 months, and the mean
time interval was 55 months.

DISCUSSION

The natural history of breast carcinogenesis, progression from
DCIS to IDC, has important prognostic and therapeutic impli-
cations. This is the first report on longitudinal molecular
analysis from primary DCIS (non-comedo type) to recurrent
IDC. We investigated LOHs using 13 microsatellite markers in
seven cases of breast cancer. These chromosomal loci were
selected on the basis of various previous studies (3-6). In all
cases except one, LOHs were observed in parallel with the
tumor progression from DCIS to IDC, suggesting a common
genetic pathway for the development of both lesions and the
continuous proliferation of the residual disease. These cases
occurred at or near the site of the primary biopsy and had
similar or identical histopathologic features. The observed
recurrences were probably residual disease rather than true
recurrences because surgical margins were clearly positive in
four of the six cases.

According to the data obtained from this study, it is impor-
tant to discuss the genetic criteria for differentiating between
locally recurrent tumors and metachronous multicentric
umors. All the tumors except that of case 7 were considered to
sriginate near the primary lesion, suggesting continuous
zenetic accurmulation from the residual disease. They carried a
naximum of two out of nine chromosomal loci (22%, case 5)
with different LOH patterns at the asynchronous lesions. How-
sver, the lesion in case 7, which originated in another quadrant
~ith different histological characteristics, showed a different
_OH pattern at five (45%) of 11 chromosomal loci, stggesting
hat the threshold of discordance should lie between 22% and
15%.

In conclusion, hypothetically, recurrent IDC develops from
esidual primary DCIS that has accumulated one or more addi-
ional genetic alternations. Lininger et al. reported a compari-
ion of LOH in primary DCIS and recurrent DCIS, in three
:ases with ipsilateral recurrent DCIS, LOH observed in pri-
nary DCIS was also observed in recurrent DCIS, and at least
me additional LOH was observed in recurrent DCIS (15). Page
it al. reported that the natural history of small, non-comedo
)CIS lasts for at least two decades, with invasive carcinoma
leveloping at the site of biopsy (16). However, our results
howed that the natural history of small, non-comedo DCIS
leveloped into IDC after approximately 5 years of treatment
vy biopsy only.

These results suggest that the following: (i) genetic alterna-
ions accumulate during cancer progression from DCIS to [IDC,

nd (ii) DCIS is a lesion that has a high risk of developing inva-
ive transformation, and (iii) non-comedo DCIS may develop

Jpn J Clin Oncol 2003;33(11) 561

into IDC after approximately 5 years without radiation therapy,
hormonal therapy or chemotherapy.

BRCA! and BRCAZ are breast cancer susceptibility genes
on chromosome bands 17q21 and 13q12-ql3, respectively
(18,19). LOH on the BRCAT locus is observed in IDC (case 5).
On the other hand, LOH at the BRCA2 locus is observed in
DCIS and IDC (case 1). In our previous study (8), inactivation
of BRCAI played an importaat role in the early stage of breast
carcinogenesis, and the inactivation of 8RCA2 was 2 late event.

The loss of D16S422 at the locus for CDHI3 was high in
DCIS and IDC (cases 3, 4, 6). This gene, located on chromo-
some bands 16924, encodes the adhesion molecule H-cadherin
(CDH13) and is recognized as a TSG responsible for breast
cancer. The expression of CDHI3 is significantly reduced in
breast cancer (20), and its frequent inactivation in lung cancer
has also been reported (21). Further, the introduction of wild-.
type DNA to breast cancer cells inhibited cell growth (20). Our
previous study (8) and results suggested that H-cadherin might
play an important role even in the early stages of breast
carcinogenesis.

The CDH! gene, located on chromosome 16922, edcodes
the adhesion molecule E-cadherin, which suppresses invasion
in vitro. A decreased expression in breast carcinomas corre-
lates with the presence of invasion and a shorter disease-free
survival (22). Our previous study (8) suggested that E-cadherin
might be a rate event of breast carcinogenesis. In our results,
LOH on the E-cadherin locus is observed in IDC (case 1) and
in DCIS and IDC (case 5). _

The loss of chromosome 8p is also frequently observed not
only in IDC, but also in DCIS. Putative TSG in this region
probably plays an important role in the early stages of breast
carcinogenesis (cases 3, 4). The linkage analysis indicated that
a positive LOD score at D8S137 was observed in some familial
breast cancet pedigrees that were neither linked to 13q nor to
(79 (23). There may be a third breast cancer susceptibility
gene (BRCAJ) on this chromosome arm, and our results may
provide an important clue for identifying the putative BRCA3
gene.

ATM, the gene responsible for ataxia telangiectasia, is
located on chromosome 11g22-q23 and the LOH of this gene
(cases 4, 5) might be an early event. The frequent LOH of p53
has been reported in a variety of tumors (24). In this study,
however, the LOH of p53 was not very frequent (case 1). Many
investigators have analyzed the mutations of p53 in breast can-
cer tumors and have found that this gene was not frequently
mutated in this disease (25). Our present study is in agreement
with these results.

Though the data on genetic progression of breast cancer is
increasing, the mechanisms of carcinogenesis (natural history)
from DCIS to IDC at the molecular level are still unknown.
The genome-wide search for LOH showed 56 regions with
consistent LOH (17). In an LOH analysis of 75 different breast
cancers at multiple chromosome loci, every cancer showed a
different pattern of deletions. In our previous study on LOH
analysis in 70 DCIS lesions at the same chromosome loci,
frequent LOH was observed at 8p, 16q and 17q, but the inci-
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dences of LOH at loci on 3p, 6q, 9p, 11p, 11q and 17p were
marginal. It is not confirmed whether the mutations of genes on
these loci play a major role in the genesis of breast cancer. The
results of this study also show a different pattern of deletions
in each case (Table 2). However, we could not completely
exclude these regions as the loci for the responsible genes since
the number of samples used in this study were limited.

To summarize, the progression from DCIS to IDC may
involve a pathway consisting of stepwise genetic alterations.
DCIS is likely to have a high risk of developing invasive trans-
formation. Further studies are necessary to identify the genetic
alterations of breast tumor progression from DCIS to IDC in
order to develop appropriate clinical management of breast
cancer patients,
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Invasive micropapillary carcinoma of the breast:
Clinicopathological and immunohistochemical study
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Invasive micropapillary carcinoma (IMPCa) of the breast
refers to a unique variant of invasive ductal carcinoma, but
its biological behavior has not been elucidated weil. We
analyzed 16 IMPCa cases (10 pure type, six mixed type}. The
ingcidence of IMPCa was 1.0% of all primary breast carci-
noma. High nuclear grade (75.0%), as well as poorly differ-
entiated histological grade (81.3%), was frequently seen.
Lymph node metastases were evident in 92.9% of the exam-
ined cases, and about half of them showed more than 10
positive nodes. Comparison between serially experienced
invasive ductal carcinoma, not otherwise specified (IDC-

NOS), revealed that both high nuclear grade and poor his- -

telogical grade were significantly more frequent (P <0001),
there was a lower frequency of positive estrogen receptor/
progesterone receptor (P<0.05, F<0.01), a higher
frequency of HER-2 overexpression (P < 0.025), and more
frequent lymph node metastases (P < 0.05) in 1IMPCa, The
compatison between lymph node positive IDC-NOS did not
show any statistically significant differences in frequency
for positive p53, matrix metalloproteinase protein-2 (MMP-
2), vascular endothelial growth factor (VEGF) or E-cadherin.
However, IMPCa showed a significantly increased number
of blood vessels counted by CD34 immunostains (P < 0.05).
These results suggest that IMPCa Is, at teast, the same or
more aggressive than lymph node positive cases of 1DC-
NOS. Hence, not only the high incidence of lymph node
metastases but also distant, blood-borne metastases may
be important.

Key words: breast carcinoma, ductal carcinoma, immunchisto-
chemistry, invasive micropapillary carcinoma, pathology

Correspondence. Takuya Moriya, MD, Department of Pathology,
Tohoku University Hospital, 1-1 Seiryo-machi, Aoba-ku, Sendai
980-8574, Japan. Email: moriya @ patholo2.med.tohoku.ac.jp

Received 25 March 2003. Accepted for publication 10 Oclober
20083.

Invasive micropapillary carcinoma (IMPCaj of the breast is
considered to be a recently recognized, unusual type of inva-
sive ductal carcinoma with unique morphology. Characteris-
tically, this variant of carcinoma shows tumor c¢ells arranged
in small cluslers with a central lumen usually present, and
an image ol a micropapillae within clear spaces, which
appear to be empty, but in some instances mucinous mate-
fials have been seen with special stains.! Siriaungkul and
Tavassoli identified nine cases of IMPCa, and came 1o the
tentative conclusion that the behavior was not significantly
different from that of invasive ductal carcinoma, not other-
wise specified (IDC-NOS).2 However, further investigations
revealed that this tumor has a highly malignant potential
because IMPCa had a high incidence of lymph node
metastases, and tended to recur earlier.>” Additionally, Pat-
erakos and colleagues mentioned that the survival rate of
patients with IMPCa was similar to patients with carcinoma
with equivalent numbers of lymph node metastases.®

Immunohistochemical studies had been performed in -
some reports.®*®% However, the precise clinicopathological
characteristics have not been elucidated well, especially in
Japanese women. Thus, we examined IMPCa, clinicopatho-
logically and immunohistochernically, and compared them
with IDC-NOS.

MATERIALS AND METHODS

We reviewed the case files from September 1998 1o Decem-
ber 2001 in Tohoku University Hospital and Tohoku Kousai
Hospital, and from January 1997 to December 2001 in
Chugoku Chuo Hospital. Re-examination of the glass slides
was done by two of the authors (CDLC and TM). To identily
IMPCa cases, we followed the criteria; ‘epithelial tufts forming
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micropapillae without a fibrovascular core located within
clear spaces, which are usually empty, and epithelial cells
exhibiting reverse polarity with serrated peripheral borders’
{Fig. 1)."*® The cases with obvious mucin within the empty
space, which is sometimes allowed by some authors,® were
eliminated from the series in this study.

Eleven patients were considered as IMPCa: six cases were
considered as pure type IMPCa, with more than 90% ot the
invasive micropapillary carcinoma composed of characteris-
tic features {Fig. 2); and five cases were considered as mixed
type, with 33% to 90% of invasive carcinoma composed of
IMPCa. A characleristic pattern of less than 33% invasive
components was included in invasive ductal carcinoma, not
otherwise specified (IDC-NOS). During the same periods, we
have experienced 1056 cases of primary breast carcinomas.
Thus, the overall incidence of all IMPCa cases in our series
was 1.0%, and the pure IMPCa was 0.6% of all primary
breast carcinomas. An additional five cases (four pure and
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Figure 1 Invasive micropapillary carcinoma showing a micropapil-
lary pattern of carcinoma cells fioating within the empty space.
HE, %20.

Figure 2 Pure-type Invasive micropapillary carcinoma with an
extensive characteristic histologicat pattern. HE, %100,

nvasive micropapillary carcinoma N

one mixed) were added from the previous files and, finally, a
total of 16 IMPCa cases were analyzed. For comparison, 150
cases of serially experienced IDC-NOS from the files of the
Pathology Department of Tohoku University Hospital in 2002
were used. For immunchistochemical analysis, another 23
cases with positive lymph node metastases at the initial oper-
ation, with available follow-up data (43-148 months, mean
108 months, with eight cases (34.8%) dead from disease),
were selected as control cases.

All specimens were fixed in 10% formalin and embedded
in paraffin, and 3 um-thick sections were cut and mounted
on glass slides. On the hematoxylin—eosin (HE) slides, the
maximum diameler of the invasive carcinoma, presence or
absence of intraductal components, presence or absence
of comedonecrosis within the intragductal carcinoma, the
nuclear/histological grading, and lymph node status, were
evaluated. For nuclear grading, the criteria of the Japan
National Surgical Adjuvant Study of Breast Cancer (NSAS-
BC) Pathology Section’ was used, and for histological grad-
ing, a modified Bloom & Richardson's method (Nottingham's
classification)'" was used.

Immunohistochemical staining for estrogen receptor,
progesterone receptor, HER-2, and p53 was performed on
the Ventana Bench Mark Automated Staining System. Man-
ual immunostaining was used for matrix metalloproteinase
protein-2 (MMP-2), vascular endothelial growth factor
(VEGF), E-cadherin, Ki-87, CD34, Factor Vil| related antigen,
and type IV collagen. The source of the primary antibodies,

~ dilution, and methods of pretreatment are listed in Table 1.

The primary antibodies for manual staining were kept over-
night at 4°C. After that, the Histofine SAB-PO kit {Nichirei,
Tokyo, Japan) was applied. The positive staining was visual-
ized using 3,3-diaminobenzidine tetrahydrochloride {DAB),
and lightly counterstained with hematoxylin,

Estrogen and progesterone receptors were evaluated with
a proportion score (PS), which represents the estimated pro-
portion of positive tumor cells (range 0-5), and an intensity
score (IS), which estimates the average staining intensity of
positive tumor cells (range 0-3}. The PS and 1S were added
to obtain a total score (TS) (range 0-8)." A TS greater than
4 was considered positive, and a TS less than 4 was con-
sidered negative. For VEGF, the cytoplasm of the carcinoma
cells was compared with background staining 1o decide if
they were positive or negative, To evaluate p53, more than
10% positive cells was considered as weakly positive (+),
between 30% and 70% was considered moderately positive
{(++), and more than 70% was considered strongly positive
{+++). For HER-2, the Hercep Test (DAKO) scoring criteria
was used." A weak to moderate complete membrane stain-
ing in more than 10% of tumor cells {score 2+) and a strong
complete membrane staining in more than 10% of tumor cells
(score 3+) were considered positive. The Ki-67 index was
calculated as the number ot Ki-67 posilive cells per 100
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Table 1 Immunochistochemical reagents and methods used

Antigen Antibody Source Dilution Antigen retrigval
ER 6F11 Novocastra, Newcastle upon Tyne, UK 1.50 Heatingt
PR MAB429 Chemicon, Temecula, CA, USA 1:30 Heatingt
HER-2 {Polyclonal) DAKO, Glostrup, Denmark 1:800 Heatingt
p53 DC-7 Biormeda, Foster City, CA, USA 1:40 Heatingt
Ki-67 MIB-1 fmmunotech, Marseille, France 1:300 Autoclave
CD34 NV4A1 Nichirei, Tokyo, Japan 1:100 None
VEGF {Polyclonal) R&D Systems Inc., Minneapolis, MN, USA 1:100 Autoclave
E-cadherin 4A2C7 Zymed, San Francisco, CA, USA 1:400 Autoclave
MMP-2 42-5D11 Fuji, Tokyo, Japan 1:30 None
Factor VIII-R Ag {Polyclonal) DAKQO, Glostrup, Denmark 1:200 Protease
Type IV collagen Civaz DAKO, Glostrup, Denmark 1;100 Pepsin

ER, estrogen receptor; PR, progesterone receptor; R Ag, related antigen; VEGF, vascular endothefial growth factor. {Performed by the Ventana

Bench Mark Automated Staining System.

Tabte 2 Clinicopathological features of 16 invasive micropapillary carcinoma cases

Case Age Distibution Size (mm)t Nuclear grade Histological gradet Comedo necrosis§ LN stalus Follow up
1 39 Pure 24 High Il (Poor)} - 0/8 18 months, NED
2 43 Pure 30 Intermediate 1l (Poor) + 17 54 months, NED
3 35 Pure 26 High Il (Poor) + 6/9 17 months, NED
4 37 Pure 8 High 1 {Poor) - 27/27 34 months, DOD
5 59 Pure 84 High Il (Poor) + 29/29 216 months, AWD
6 50 Pure 35 High [il (Poor) - 215 16 months, NED
7 44 Pure 14 Intermediate Il (Mcderate) - 2729 3 months, NED
8 43 Pure 25 High Il (Poor) - 25/34 83 months, DOD
9 a8 Pure 32 High 11 {Poor) - 18/21 56 months, DOD
10 42 Pure 27 Intermediate Il {(Moderate) - g 24 months, NED
" 65 Mixed 37 Intermediate It {Mcderate) + 8/19 61 months, DOD
12 585 Mixed 25 High Il (Poor) - 3Ne 88 months, AWD
13 67 Mixed 17 High "l {Poor) + NA 46 months, AWD
14 44 Mixed 12 Intermediate Il {Moderate} - NA 30 months, NED
i5 &6 Mixed 45 High I {Poar) + 12/24 14 months, NED
16 38 Mixed 28 High i {Poor) - 5/22 30 months, NED

AWD, alive with disease; DOD, dead of disease; LN, lymph node; NA, data not available; NED, no evidence of disease. tMicroscopic. maximum
diameter of invasive component. tModified Bloom-Scharf-Richardson scoring system."! §Presence (+) or absence {-) within intraductal components.

tumor cells (expressed as a percentage). E-cadherin was
considered as positive when staining was present in at least
10% of the tumor cells’ membranes. For other markers, the
presence of a single positive cell was considered a positive
result. The number of blood vessels was counted by CD34
immunostains in a 1 mm? area, at least 4 times, and then a
percentage promedium was made.

Statistical analysis to compare IMPCa and IDC-NOS were
done by either the chi-squared test or standard ftest.

- RESULTS

Clinical and pathological findings of 16 IMPCa are listed in
Table 2. The age distribution at initiat operation was between
38 and 67 years, with the average 50.9 years. Ten cases
(62.5%) were pure type, and six were mixed type (37.5%).
The tumor size, calcutated by the maximum diameter of the
invasive component on microscopy, was 7-84 mm {average
31.0 mmy). The nuclear grade was high in 11 cases (68.8%)
and intermediate in five cases (31.2%). Histological grade

was Il (poorly differentiated} in 12 cases (75.0%), and grade
It (moderately differentiated) in four cases. Generally, both
nuclear and histological grading was identical between
IMPCa and the IDC-NOS area in mixed-type cases. Associ-
ated intraductal components was revealed in 10 cases, and,
among them, comedonecrosis was seen in five cases. Exten-
sive intraductal components were not evident. Lymphatic
invasion was seen in 15 cases (93.4%), and was mostly
extensive, A total mastectomy was performed for 10 cases,
quadrantectomy for three cases, and lumpectomy for three
cases. Lymph node dissection at the initial operation was
performed in 14 cases. Lymph node metastases were seen
in 13 cases {92.9%), and six of them (46.2%) showed more
than 10 positive nodes. After the operation, chemotherapy
was used for 13 cases, irradiation was used for five cases,
and hormonal therapy was used for six cases as the adjuvant
therapy. Follow up after the operation was evident for 2—
204 months (mean 38 months); four cases (25.0%) were
dead of disease (at 34, 56, 61, and 83 months), and three
cases were alive with disease. During follow up, metastases
was seen in the pleura ({four cases), skin (three cases), bone

— 211 —



(two cases), chest wall (one case), axillary lymph node (one
case), and pericardium (one case).

Table 3 shows the comparison with serially obtained IDC-
NOS cases. The incidences of both high nuclear grade and
poor histological grade were significantly higher in IMPCa
{both P < 0001, respectively). The ratio of cases with positive
hormone receptors was significantly low (P < 0.05, P< 0.01),
but HER-2 positive cases were more frequent (P < 0.025).
Lymph node melastases were more frequently seen, signifi-
cantly, in IMPCa (13/14; 92.9%) than IDC-NOS (94/150;
65.3%) (F <0.05). Additionally, halt of the node positive
IMPCa cases showed more than 10 positive lymph nodes,
and the frequency was significantly higher than tDC-NOS
(P <0.001).

The results of immunohistochemistry can be seen in-

Figs 3,4,5,6, and the comparison between node positive
control cases Is summarized in Table 4. CD34 was positive
in the endothelial cells of blood vessels (Fig. 3). However,
neither micropapillary nests or the inner surface of empty
space were positive for CD34, Factor VIl related antigen,
nor type IV collagen. Invasive micropapillary carcinoma
cases were more frequently positive for p53, but not statis-
tically significant. CD34 showed a significantly increased
number of blood vessels within the area of IMPCa
{P < 0.05). Blood vessel counts by VEGF, E-cadherin MMP-
2, and the Ki-67 index did not show any significant
differences between the two groups. Immunochistechemical

Table 3 Comparison of hislopathological features between IMPCa
and IDC-NOS

IMPCa IDC-NOS
(16 cases) {150 cases)
Age (average) 50.9 years 54.1 years
Nuclear grade
1 (Low) 0 5 (3.3%)
2 (intermediate) 4 {25.0%) 86 (57.3%)
3 (High)* 12 (75.0%) 59 (38.3%)

Histological grade
1 {(Well differentiated)
Il {Moderately differentiated)
Il (Poorly differentiated)**

27 (18.0%)
71 (47.3%)
52 (34.7%)

0
3 (18.8%)
13 (81.3%)

ER.'.
Positive 8 {50.0%) 112 (74.3%)
Negative B {50.0%) 38 (24.7%)
PR.".
Positive 5 {31.2%) 97 (64.7%)
Negalive 11 {(68.8%) 53 (35.3%)
HER_Z'.'C.
Posttive & (50.0%) 33 (20.3%)
Negative B (50.0%) 117 (79.7%)
LN status***
Positive 13 (92.9%) 94 (65.3%)
Negative 1(7.1%) 50 (34.7%)
10 or more +***** 7/14 (50.0%) 10/114 (6.9%)

ER, estrogen receptor; IMPCa, invasive micropapillary carcinoma;
IDC-NOS, invasive ductal carcinoma, not otherwise specified; LN, lymph
node; PR, progesterone receptor. *Comparison between high and non-
high grade, P < 0.001; **comparison between Ill {poor) and non-Ill grade,
P < 0.001; **P<0.05; ****P<0.01;*****P< 0.025; ******P < 0.001,
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Invasive micropapillary carcinoma. Vascular endothelial

Figure 3

growth factor was positive in the cytoplasm. LSAB, x150.

Figure 4 E-cadherin was positive in most of the cell membrane of
carcinoma cells in the invasive micropapillary carcinoma cases.
LSAB, x150.
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Figure 5 Matrix metalloproteinase-2 was positive in the cytoplasm
of carcinoma cells in the invasive micropapillary carcinoma cases.
LSAB, x150.

—212—



94 C.De La Cruz et al.

Figure § CD34 revealed abundant capillary-sized vessels within
the intervening stroma, but the empty spaces were not surrounded
by endothelial cells. LSAB, x80.

Table 4 Immunchistochemical findings of IMPCa and node positive
contro! cases

IMPCa n+ IDC-NOS
{16 cases) (23 cases)

p53

Positive 8 (56.3%) 7 (30.4%)

Negative 7 {43.7%) 16 (69.6%)
Ki-67(%) 25.1 £ 14.1 235+142
CD34 (MVC/mm?)* 63.1 £ 36.0 3361278
VEGF

Positive 16 (100%) 22 (95.7%)

Negative 0 1 {4.3%)
E-cadherin

Positive 16 (100%) 22 (95.7%)

Nagative 0 1 (4.3%)
MMP-2

Positive 15 (93.8%) 22 (95.7%)

Negative 1 (6.2%) 1 (4.3%)

IMPCa, irvasive micropapillary carcinoma; IDC-NOS, invasive ductal
carcinoma, not otherwise specified; MMP-2, matrix metalloproteinase
protein-2; MVC, microvessel count; n+, node positive; VEGF, vascular
endothelial growth factor, *P < 0.05.

features were generally identical in the IMPCa and IDC-
NOS areas in mixed cases.

DISCUSSION

The incidence of IMPCa In our series was 1.0% of all primary
breast carcinomas. It was much lower than any other previ-
ous studies, which showed 3.4%, 6%, and 7.6%, respec-
tively.*™"* One of the possible reasons for this low incidence
is that the minimal requirement of the diagnostic critetia,
namely the proportion of IMPCa in mixed-type cases, is
different among the reported articles. Indeed, the incidence
of pure type was reported as 1.7%.% and 0.8%," which was
not much different from the present study (0.6%). Addition-
ally, several studies have stated that the presence of the

IMPCa pattern within the invasive breast carcinoma, regard-
less of the prbportion, shows the unfavorable nature of the
turnor.7 1418

Histologically, it is not difficult to notice this characteristic
subtype of breast carcinoma. They are a variant of invasive
ductal carcinoma, and a frequent association of intraductal
carcinoma (10 of 16 in our series). E-cadherin, a marker of
ductal carcinoma,'® was consistently positive. Furthermore,
they showed a high incidence of high nuclear/histological
grade, both of which were more frequent, and statistically
significant, than IDC-NOS, as in previous studies.**** Immu-
nohistochemical findings supported these features, with a
tendency for a lower incidence of estrogen receptor (ERY
progesterone receptor (PR) positivity and a higher incidence
of HER-2 positivity, compared to IDC-NOS, Previous studies
reported a relatively high frequency of hormone receptor
positivity in IMPCa (i.e. approximately 70% are ER positive
by two authors®*), but that might be associated with the
staining procedure and/or counting methods. The proportions
of the positive cases for c-erbB-2 (36.3%) and p53 (12.1%)
were reported in one manuscript.?

One of the unique characteristics of this tumor type is a
frequent association with lymph node metastases, especially
with a large number of positive nodes.™"* Frequent (15/16 in
the presenl series} and massive lymphatic vessel Invasion is
also revealed.™ Lymph node metastases were not associ-
ated with the proportion of the IMPCa area within the
tumor, 2" and frequently seen in cases of smaller tumors,®
most likely because the events of lymphatic invasion occur

* earlier. Empty spaces, surrounding the micropapillae of car-

cinoma cell nests, were not surrounded by endothelial cells
(CD34 and Factor ViII related antigen were totally negative
in our series), a basement membrane (type IV collagen was
totally negative), or epithelial celis. They were surrounded by
fibrocollagenous stroma with spindle shaped stromal cells.?’
The empty spaces were not lymphatic vessels, and not seen
in frozen sections,®” and, thus, considered as an artifact at
the time of fixation. The spaces may resemble peudoangiom-
atous stromal hyperplasia (PASH).'"® However, the associa-
tion of steroid hormones (progesterone), frequently detected
in the cases of PASH, were not seen considerably in IMPCa
because the incidence of the presence of hormone receptors
was relatively low. Additionally, IMPCa will occur in any ages
(average 50.9 years old), and it is not like premencpausal
deviation in PASH cases. Although the empty spaces them-
selves may exist in the same areas, the pathogenesis will be
fotally different between the two diseases.

These findings may suggest that IMPCa morphology is
correlated with aggressive behavior of tumors, espectally for
metastatic potential. As IMPCa in general show a high Ire-
quency of lymph node metastasis, we have compared IMPCa
with node-positive IDC-NOS without an IMPCa pattern, How-
ever, there were no significant differences of staining results
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for p53, Ki-67, VEGF, E-cadherin and MMP-2 between the
two groups, Hence, it is still unclear whether IMPCa histology
is one of the significant unfavorable features among carcino-
mas with lymph node metastases. However, IMPCa showed
significantly large numbers of small vasculatures within the
siroma between the empty spaces, by microvesse! densities
using CD34 immunostains. Large numbers of small vascula-
tures will be associated with blood-borne distant metastases.
In actual fact, IMPCa frequently express bone, lung and/or
liver metastases.” Hence, the large numbers of small vascu-
latures may be one of the strong prognostic indicators of
IMPCa, which has not been previously elucidated.

Finally, it is very Interesting to investigate what kinds of
findings are strongly associated with a poorer prognosis in
these patients. As mentioned above, the proportion of the
IMPCa area In a single mass may not affect the prognosis.
Even the smaller tumors, less than 1 ¢cm or even less than
0.5 cm, may show extensive lymph node melastases,® as in
the present study, case 4 (8 mm in maximum diameter, lymph
node status 27/27). Blood-borne metastases may also be
important. Cases that died from IMPCa in the present series
were of various ages (37, 38, 43 and 65 years) and sizes
{8, 25, 32 and 37 mmy}, with high nuclear grade and poor
differentiation. Positive lymph nodes for metastases were
surprisingly high in number (8, 18, 25, and 27). Immunohis-
tochemical profiles were variable, and specific features were
not evident {data not shown). Some authors have estimated
that negativity for estrogen receptors, more than four positive
nodes, and high mitotic activity were of prognostic significan-
ces.?? Although we did not analyse pure and mixed subtypes
separately, there were three pure and one mixed IMPCa
cases that were dead of disease. The significant differences
between pure and mixed type, and whether the presence of
a minor proportion of IMPCa is an unfavorable factor, still
seems {o be controversial. There are several possibilities for
the explanation of the significant biological differences
according to the proportion of IMPCa (within the tumor}. One
is that the aggressive behavior is associated with the total
volume of IMPCa, regardiess of the proportion. Another is
that the non-IMPCa area of mixed cases may have the same
aggressive manner with IMPCa areas, and the presence of
IMPCa in any area is an unfavorable sign. However, the
number of analyzed cases and the periods of follow up were
limited, and uni- or multivariate analysls was not always sig-
nificant, so further investigations are necessary for final con-
clusions. Tentatively, we consider that the IMPCa histology
itself will be a strong indicator of the aggressive behavior of
the carcinoma.

In conclusion, IMPCa itself, in any amount, should be con-
sidered as a poor prognostic sign of invasive breast carci-
noma. The IMPCa may at least be more aggressive than
IDC-NOS, and show significantly higher vasculature than
node-positive IDC-NOS, according 1o the resulls of the
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present study. As these tumors show distant, blood-borne
metasiases, high vasculature in the intervening stroma is
important, as well as their extensive lymphatic spread.
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Temperature-sensitive (ts} mutations have been used
as a genetic and molecular too] to study the functions of
many gene products. Each ts mutant protein may con-
tain a temperatuwre.dependent intramolecular mecha-
nism such as ts conformational change. To identify key
s structural elements controlling the protein function,
we screened ts p53 mutants from a comprehensive mu-
tationlibrary consisting of 2,314 p53 missense mutations
for their sequence-specifie transactivity through p53-
bLinding sequences in Swecharomyces cerevisiae. We iso-
lated 142 ts p53 mutants, including 131 unreported ts
mutants. These mutants clustered in fi-strands in the
DNA-binding domain, particularly in one of the two
p-sheets of the protein, and 15 residues {Tha'*%, Arg!®®,
Met'9, Alalfl vall’2, His™, Ser?, Pro®d, Thr®?,
The?3, Ne?™, Thr®™, Ser®™, Glu?™*, and Glu®®®) were ts
hot spots. Among the 142 mutants, 54 were examined
further in human osteosarcoma Saos-2 cells, and it was
confirmed that 89% of the mutants were also ts in mam-
malian cells, The ts rautants represented distinct ts
transactivities for the p53 binding sequences and a dis-
tinct epitope expression pattern for conformation-spe-
cific anti-p53 antibodies. These results indicated that
the intramolecular p-cheet in the core DNA-hinding do-
main of p53 was a key structursl element controlling the
protein function and provided a clue for finding a mo-
lecular mechanism that enables the rescue of the mu-
tant p53 function.

P53 twmor suppressor is a 393-amino aeid transeription fac-
tor Lhat activates the transcription of a number of downstream
genes through p53 binding to two copies of the specific consen-
stis DNA sequence 5-RRRCIA/DCIZAIGYYY-3” tin which Risa
purine nucleoside and ¥ is a pyrimidine nucleoside) in their
regulatory regions (1). These molecular switclies are activaled
by post-translational modifications, including phosphorylation,
acetylation, and prolyl isomerization (2-5) of p53 iu response Lo
penotoxie or non-genotoxie stresses. The resulting biologieal
effects are cell cycle arvest, apoptosis, DNA repaiy, and anglo-
zenesis {6-10). A growing number of p53 downstream genes
have been isolated, and p53 has been structwally and fune-
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topally divided into three portions, namely the NH,-terminal
portion containing the transactivation domain, the central core
portion corvesponding to the DNA-binding dumain, and the
COOH-terminal portion containing the olipomerization do-
main. The evolution of the DNA-binding domain is highly con-
servedin p53 urthologues (11Y and alse in the conserved buman
homologues p63 and p73 (12, 130,

The stucture of the DNA-binding domain (residues 94-312)
was resolved by x-ray crystallography (14). The domain con-
sists of two a-helixes (111 and H2) and 11 B-strands (81, 82,
82', and S3-510) that were inferconnected by loops {long
L1-1.3 loops and other shaort loops). T'wo anti-pavallel g-sheets
containing fouwr (81, §3, S5, and S8) and five (54,56, 87, 89,
and 510} f-strands make up a large f-sandwich that serves as
a seaflold for a loop-sheet-helix (LSH) motif (L1, S$2, 82, 810,
and H2) and two large loops (L2 and L3). The loop-sheet-helix
consists of two separate regions as follows: (i} the L2 loop
{residues 113-123) and the 52-82° g-hairpin (residues 124-
135) thal correspond Lo evolutionary conserved region 11 (resi-
dues 117-142) (11); and (ii) the end of the S10 strand (residues
264~274) and the H2 helix (residues 278-286) that correspond
to conserved region V (residues 270-286). In the loop-sheet-
helix, the L1 leop and the H2 helix contact with a DN A major
groove forined by the RRRC region of the consensus sequence.
One of the large loops, the L2 (residues 164-194), is inter-
rupted by a short helix (H1) and contains consearved region 11
(residues 171-181). Another large loop, L3 (residues 237-250),
coincides with eonserved region 1V (residues 234-258) and
makes contact with the DNA minor groove formed by the AT
rich region of the consensus sequence. The L2 Joop stabilizes
the L3 loop by packing through a side-chain inleraction and a
2ine alom fetrahedrally coordinated on residues Cys?!?, His?™
of the 1.2 loop and Cys®® and Cys®? of tlie L3 loup.

Mutations in the TP53 gene are the most fequent genetic
alterations in the varivus human tumors {15% According to the
latest TP53 mutation databases (16, 17), more than 15,000
somatic mutations have been reported Lo date. The mutations
are clustered in the DNA-binding dornain, and the smajority
{~B80%) are missense nulalions. Among twnor-derived muta-
tions, those al residues Arg!?®, Gly?%, Avg®®, Apg?®, Ara2™
and Arg®” have frequently been reported, and all missense
mutations were unable to bind the specific p53 binding se-
quences and the inacltive bransactivation for downstream
genes. These are sbructurally inportant residues, beeavse they
direclly involve DNA Linding or slabilization of the L2 and L3
loops of the protein. However, the majority of remaining mis-
sense mutations have not yet been examined. Recently, we
constructed 2,314 missense mulations that covered almost all
of the tumor derived missense mutations, as well as a numbaer
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