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. 1999b;
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 resclved
by developing other methods, including a reliable, rapid,
and accurate functional assay.
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Introduction

Breast cancer superseded gastric cancer as the leading incident in Japan in 1994; the
age standardized incidence rate to the world population raised from 17.0 in 1975 to 30.1
in 1996 per 100,000, and 9,652 women died of breast cancer in 2001. As incidence of breast
cancer became the leading neoplasm, innovation in breast imaging has evolved an im-
portant issue in the lights of mortality reduction by screening as well as quality of life of
the patients recieving treatment.

Advances in diagnosis: Early detection using screening mammography

In Japan under the Health and Medical Service Law for the Elderly clinical breast
examination (CBE) was introduced into public health services without any evidence on
its effectiveness in 1987. It was based on the presumption that any early detection is
always beneficial. Our recent case control study has demonstrated that CBE lacks effec-
tiveness, although it might be effective in an asymptomatic women?).

To establish mammography screening, the Grant-in-aid for Cancer Research “Quality
control of creast cancer screening with mammography” was organized in 1995. The es-
sential issues were analyzed including sensitivity, cost-effectiveness to create new guide-
line. The experience of the Miyagi Trial helped to shape the planned national guideline.
An improved detection rate was obtained, as compared to that by CBE alone. The false
negative rate was 2.8%, lower than those of HIP and BCDDP in USA, indjcating an im-
proved sensitivity and effectiveness of mammography screening in Japan 2.

Since 1997, we moved on to establish nationwide screening system. We performed
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quality assessment of mammography, and generated training programs for photogra-
phers and interpreting physicians. We should know that surgeons, gynecologists other
than radiologists have been involved in the CBE program. Therefore, it was essential to
design an education program before starting mammography screening. Interpreting phy-
sicians were required to have adequate levels of sensitivity and specificity for imaging
categorization. We drafted the Japanese guidelines for-quality assurance, leading the
Ministry of Health and Welfare to change the national guideline to include mammogra-
phy for women aged 50 and over in 2000.

Because breast cancer incidence rate is highest at their forties, and mortality rate is
highest at their fifties, recruitment of women aged under 49 remains a big challenge.
Remarkable progress in imaging technologies has contributed to an improvement in the
usefulness of mammography screening. It is therefore possible that the past randomized
mammography trials targeted women aged 40-49 might have underestimated the effec-
tiveness . We evaluated the performance parameters including recall rate, detection
rate, and sensitivity of screening mammography with CBE in women aged 40-49, and
compared the data with those obtained from screening in women aged 50-69. From 1995
to 1998 we gave one-view (MLO) mammography for breast cancer screening to 15,271
subjects aged 40-49 and 17,755 subjects aged 50-69 in Miyagi prefecture.

The recall rate, detection rate and sensitivity for women aged 40-49 were 10.4%, 0.20%
and 93.8%, respectively. The data for women aged 50-69 were 7.2%, 0.21% and 95.0%.
The recall rate for women aged 40-49 was higher than that of women aged 50-69, but the
sensitivities and detection rates were almost equal. Node-negative rate in women aged
40-49 and those aged 50-69 were 80% and 84%. These data suggest that mammography
screening with CBE may be an appropriate modality for women aged 40-49, although
strict quality control should be required to optimize the recall rate in women aged forties
who have higher breast tissue density than women aged fifties.

Advances in MRI for breast conserving surgery

Magnetic resonance imaging (MRI) for breast cancer diagnosis has been utilized prior
to surgery. We have recently analyzed the radiologic-pathologic correlations regarding
three-D cancer extension on the basis of detailed histopathologic analyses by sub-serial
sectionings of the specimens, MRI correlated more faithfully with pathological findings
as compared to the conventional mammography and ultrasonography, indicating that
the 3-D MRI was more appropriate to estimate carcinoma distribution prior to surgery ¥

We have developed a novel breast-conserving surgery consisting of quadrantectomy
and immediate volume replacement using lateral tissue-flap (LTF)®. The quadrantectomy
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Table 1. Comparison of the data provided by mammography-combined screening with CBE alone

Mammography + CBE CBE alone

Subjects 12,515 50,105

Recall rate 3.58% 4.47%
Cancers detcted 35 44
Delection rate 0.28% 0.09%
False negatives 1 8
Sensitivity 97.2% 84.6%
Paositive predictive value 7.8% 2.0%

(December, 1988 to June, 1992, Miyagi Cancer Society)

Table 2. Comparison of the data of mammography-combined screening according to age groups

40-49 years old 50-69 years old

Subjects 15,271 17,755
Recall rate 10.4% 7.2%
Cancers delcted 30 38
Detection rate 0.20% 0.21%
False negatives 2 2
Sensitivity 93.8% 95.0%
Specificity 89.8% 93.0%
Positive predictive value 1.6% 3.0%

{April, 1995 to March, 1998, Miyagi Cancer Society)

was employed on the basis of segmental anatomy of duct-lobular system in which breast
carcinoma originates ¢. Excellent cosmetic outcome as well as local control have been
obtained. The principle of the surgery is to obtain negative surgical margins;
quadrantectomny is a radical procedure in the sense that it aims at removal of all the carci-
noma cells of the primary tumor. Our strategy is to identify patients in whom irradiation
might be safely omitted after breast-conserving surgery.

Discussion

Since 1894 when Halsted reported a radical procedure, mastectomy has been employed
as a standard operation over the century. However, the concept shifted to limited sur-
gery, because of great change in the characteristics of patient population. Better educa-
tion, more extensive information, refined diagnostic tools, and expanding screening cam-
paigns all contribute to earlier detection of breast cancer. Breast conserving therapy be-
comes an important issue in the light of QOL. Itis essential for surgeons and radiologisits
to understand origin and extending pattern of breast cancer, and make the surgical mar-
gin negative. The quadrantic distribution of breast cancers influences extent of excision
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Table 3. Evaluation of effectiveness for breast cancer screening in Japan (October, 2001, the Re-
search Group supported by the Ministry of Health, Welfare and Labour)

Screening modality Strength of recommendation® Quality of evidence*™*
CBE alone All ages i-c 3
CBE with mammography 50y + 1-a 1
40-49y 1b 1
CBE with ultrasound All ages ! None

*Strength of recommendations

I-a: Good evidence to support the recommendation specifically considered in a periodic health
examination. I-b: Fair evidence to support the recommendation specifically considered in a peri-
odic health examination. I-c: Fair evidence to support the recommendation excluded from a peri-
odic health examinatin. I-d: Good evidence to support the recommendation excluded from a peri-
odic health examination.

IL: Insufficient evidence to recommend for or against the inclusion of the condition.

**Quality of evidence

1: RCT, 2: Control trial without randomization, 3: Cohort or Case control study, 4: Ecological, time
series study, 5: Others

and may predict pattern of recurrence when tumor clearance is incomplete even if radia-
tion is applied as an adjuvant therapy. Surgery should reduce the chance of local recur-
rence.

The role of radiologists becomes more important in diagnosis and treatment of breast
cancer. Especially, the great contribution will be required for the radiologists into mam-
mography screening in terms of quality control as experienced in westren countries.
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Background: BRCA1 and BRCA2 mutations cause high breast cancer incidence rates as high as 80%.
Although prophylactic therapy is still controversial, several prophylactic therapies have been proposed -
and tried for BRCA1 and BRCAZ mutation carriers. Prophylactic surgery, chemo-prevention and precise
screening have been proposed as prophylactic therapy. All BRCAL and BRCA2 mutation carriers need
knowledge about their disease and the countermeasures that are used to protect against onset of disease.
Counseling plays an important role in this regard for people with genetic diseases. Therefore, collabora-
tion between breast cancer clinics and genetic counseling services is the most important issue in clinical
practice. Our group consists of three national universities and a general hospital. In this article we
describe our trial to construct a clinical system against hereditary breast cancer as an interim report for
the Japanese Ministry of Health, Labour and Welfare.

Patients and Methods: Twenty familial breast cancer patients were registered in this study. The
whole sequence of BRCA1 and BRCAZ were analyzed. If pathological mutations were detected, their first
degree families were introduced to the counseling division at each institute when candidates visited coun-
seling divisions.

Results and Discussion: Four cases of a deleterious mutation in BRCAL or BRCAZ were detected
among 20 cases. Their first degree relatives are now under consideration for visiting counseling divisions.
The clinical system described in this study should play a role to protect BRCAl or BRCA2 mutation
carriers in Japan.

Breast Cancer 11:30-32, 2004,

Key words: Hereditary breast cancer, Famifial breast cancer, BRCA1, BRCA2

Breast cancer is the most common malignancy
observed in Japan and western countries. Treat-
ment of groups at high-risk for breast cancer is
also a challenging problem. Familial breast cancer
is an important factor impacting the early and
bilateral onset of breast cancer. Five to 10% of
breast cancer patients meet the definition of famil-
ial breast cancer"?. BRCAl and BRCA2 mutations
have been reported as major causes of familial
breast cancer. Twenty to thirty percent of Japan-

BRCAZ2 mutation carriers suffer from breast can-
cer in their lives®. This high risk of breast cancer
incident suggests the importance of screening for
BRCA1 and BRCA2 mutations and preventive
measures for familial breast cancer, Counseling
and prophylactic therapies are of importance in
prevention of such genetic diseases. Familial
breast cancer patients and their first degree rela-
tives are anxious about their genetic status. There
is no standard clinical system and method for pro-

ese familial breast cancer patients show deleteri-
ous BRCA1 or BRCA2 mutation®. Further, it has
been reported that 80-90 percent of BRCA1 and

Reﬁrim requests to Motohiro Takeda, Division of Surgical OncologLy,
Tohoku University Graduate School of Medicine, 1-1 Seiryo-machi,
Acbaku, Sendai 980-8574, Japan.

phylactic therapy for BRCA mutation carriers in
Japan. Hospitals or medical systems that provide
proper knowledge of familial breast cancer and
preventive therapies are needed. A larger number
of patients are required to establish interventions
for Japanese BRCAL or BRCA2 mutation carriers.
In this study we aimed to construct a multi-center
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discussion

Candiclate for BRCAL or BRCA2
Mutatton Carrier

lnuoducmg to Information and
Counselmg Division counseling discussion about
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Analysis of BRCA1
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Breast Cancer Clinic
Prophylactic therapy

Intensive check up

Fig 1. Counseling system for BRCA1 or BRCA2 mutation
careers.

and inter-division cooperative system to smoothly
introduce breast cancer clinic patients to the coun-
seling division. This is an interim report for the
grant of Japanese Health, Labour and Welfare.

Patients and Methods

Twenty familial breast cancer patients were
registered between March 2002 and March 2003.
Blood sampling and BRCA1/BRCA2 mutation
analysis were done with informed consent accord-
ing to the guidelines of the Japanese Ministry of
Health, Labour and Welfare. Whole sequences of
BRCAL and BRCAZ2 were analyzed by the direct
sequence method at Myriad Genetic Laboratories,
Inc.

Clinical System

If obvious pathological mutations were detect-
ed, the patients were informed about the genetic
counseling division at breast cancer clinics. Their
first degree relatives were also informed about
their genetic background and invited to visit
genetic counseling services. When the first degree
relatives visited genetic counseling divisions, they
were informed about familial breast cancer and
given the option to undergo genetic examination
at breast cancer clinics.

Results
Deleterious Mutations of BRCAI and BRCA2

Four cases of apparent deleterious BRCA1 and
BRCAZ mutations were detected from among the

total 20. These four carriers of deleterious muta-
tions are now undergoing counseling to discuss
along with their first degree relatives options for
BRCA1 and BRCA2 examination and prophylactic
treatments at the counseling divisions (Fig 1). An
uncertain mutation thought to be a normal variant
was also found in four cases.

Discussion

Treatment for BRCA! and BRCA2 mutation
carriers is a controversial issue. Prophylactic
interventions for pathological BRCA1 and BRCA2
mutation carriers include prophylactic surgery,
medication, irradiation and intensive follow-up.
Prophylactic surgery consists of mastectomy and
oophorectomy. Prophylactic mastectomy shows a
prevention rate of 90%”, while prophylactic
oophorectomy shows a 50% prevention rate*”.
Although prophylactic mastectomy shows a high
rate of prevention as high as 90%, prophylactic sur-
gical treatments are invasive interventions not
only physically but also mentally for healthy peo-
ple. Contant et al. proposed prophylactic mastecto-
my accompanied by immediate breast reconstruc-
tion (IBR). IBR can be one of solution for those
hesitant to undergo prophylactic mastectomy®.
Medication and intensive check-up as conserva-
tive treatments show relatively low prevention
rate. Treatment with tamoxifen has an approxi-
mately 50% prevention rate”. Intensive check-ups
may also allow BRCA mutation carriers to under-
go breast-conserving surgery and have a better
prognosis as they can be diagnosed at an earlier
clinical stage.

A nonsense mutation of BRCA1 that was report-
ed to be a Japanese founder mutation was detect-
ed as reported by Sekine et al.". In addition, a
variation in BRCAZ2 detected in four cases may be
related to breast cancer onset.

There have been very few reports of prophy-
lactic therapy in Japan. Proper prophylactic thera-
py has to be established for Japanese BRCA muta-
tion carriers and prognosis and outcome of pro-
phylactic therapy needs to be clarified. Our study
group consists of two national university hospitals
and a general hospital that cover each area. We
have also been studying BRCA1 and BRCA?
mutations before this study. Together with the
data from the former study, we are now beginning
to analyze potential for BRCA1 and BRCA2 muta-
tion carriers. Each institute in our study group has
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a breast cancer clinic and a counseling division. If
BRCAl and BRCA2 mutation carriers decide to
visit our breast cancer clinics and receive counsel-
ing about their genetic status, they can accept our
introduction to clinicians in the counseling divi-
sion (Fig 1). When the candidates decide to under-
go genetic examination, we analyze their BRCAl
and BRCAZ sequences. The results of the exami-
nations are reported to us. The results are given
to the breast cancer clinics in each institute and
the patient is informed. If they have a deleterious
mutation, they visit the genetic counseling divi-
sion again and receive information about familial
breast cancer and prophylactic treatments.

Prophylactic mastectomy, oophorectomy, irra-
diation, medication and intensive check-ups have
been proposed for the treatment of deleterious
BRCA1 and BRCA2 mutation carriers. Prophylac-
tic mastectomy may seem to be a radical therapy
even if they show the highest prevention rate.
Since the general prognosis of breast cancer
occurring in BRCA mutation carriers is not differ-
ent from that of sporadic breast cancer patients.
Diagnosis before the onset of breast cancer
should positively influence outcomes. In addition,
Hoogerbrugge et al. reported that the breast tis-
sue of BRCA mutation carriers has atypical hyper-
plastic change. Careful follow-up for BRCA1 and
BRCA2 carriers is required unless they undergo
prophylactic surgery*”.

Long term observation should be continued to
clarify the actual onset rate and clinical outcome
of breast cancer among Japanese BRCA1 and
BRCA2 mutation carriers. Eventually this counsel-
ing system may be available for all Japanese fami-
lies with deleterious BRCAL and BRCA2 mutation
carriers.
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invasive micropapillary carcinoma (IMPCa) of the breast
refers to a unique variant of invasive ductal carcinoma, but
lts biological behavior has not been elucidated well. We
analyzed 16 IMPCa cases (10 pure type, six mixed type), The
Incldence of IMPCa was 1.0% of all primary breast carci-
noma. High nuclear grade (75.0%), as well as poorly ditfer-
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-
tological grade were significantly more frequent {P < 0001),
there was a lower frequency of positive estrogen receptor/
progesterone receplor (P<0.05, P<0.01), a higher
frequency of HER-2 overexpression (P < 0.025), and more
frequent lymph node metastases (P <0.05) in IMPCa. The
comparison 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 least, the same or
more aggressive than lymph node positive cases of IDC-
NOS. Hence, not only the high incidence of lymph node
metastases but also distant, blood-borne metastases may
be important.
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Invasive micropapillary carcinoma (IMPCa) 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 cells arranged
in small clusters with a central lumen usually present, and
an image of a micropapillae within clear spaces, which
appear to be empty, but in some instances mucincus mate-
rials have been seen with special stains.! Siriaungkul and
Tavassoli identified nine cases of IMPCa, and came to the
tentative conclusion that the behavior was not significantly
different from that of invasive ductal carcinoma, not other-
wise specified (IDC-NOS).? 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 10 patients with carcinoma
with equivalent numbers of lymph node metastases.®

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

MATERIALS AND METHODS

We reviewed the case files from September 1998 to Decem-
ber 2001 in Tohoku University Hospital and Tohoku Kousaj
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 identify
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 80% of 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 characteristic pattern of less than 33% invasive
components was included in invasive ductal carcinoma, not
otherwise specified (IDC-NQOS). 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

Figure 1 Invasive micropapillary carcinoma showing a micropapil-
lary pattern of carcinoma cells floating within the empty space.
HE, x20.

Figure 2 Pure-type invasive micropapillary carcinoma with an
extensive characteristic histological pattern. HE, x100.

Invasive micropapillary carcinoma

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 immunohistochemical analysis, another 23
cases with positive lymph node metastases at the initial oper-
ation, with available follow-up data (43149 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 pm-thick sections were cut and mounted
on glass slides. On the hematoxylin—eosin (HE) slides, the
maximum diameter of the invasive carcinoma, presence or
absence of intraductal components, presence or absence
of comedonecrosis within the intraductal 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 Blcom & Richardson's method (Nottingham's
classification)"! was used.

Immunohistochemical staining for estrogen receptor,
progesterone receptor, HER-2, and p53 was petformed 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-67, CD34, Factor VI 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 IS were added
to obtain a total score (TS) (range 0-8).2 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 to 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
complele membrane staining in more than 10% of tumor cells
{score 3+) were considered positive. The Ki-67 index was
calculated as the number of Ki-67 positive cells per 100
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Table 1 Immunchistochemical reagents and methods used

Antigen Antibody Source Dilution Antigen retrieval
ER 6F11 Novocastra, Newcastle upon Tyne, UK 1:50 Heatingt
PR MAB429 Chemicon, Temecula, CA, USA 1:30 Heatingt
HER-2 {Pclyclonal) DAKO, Glostrup, Denmark 1:800 Heatingt
ps3 DO-7 Biomeda, Foster City, CA, USA 1:40 Heatingt
Ki-67 MIB-1 tmmunotech, Marseille, France 1:300 Autoclave
CD34 Nv4A1 Nichirei, Tokyo, Japan 1:100 None i
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 Nane
Facter VIII-R Ag {Pelyclonal) DAKO, Glostrup, Denmark 1:200 Protease
Type IV collagen Clva2 DAKO, Glostrup, Denmark 1:100 Pepsin

ER, estrogen receptor; PR, progesterone receptor; R Ag, related antigen; VEGF, vascular endothelial growth factor. tPerformed by the Ventana

Bench Mark Automated Staining System.

Table 2 Clinicopatholegical features of 16 invasive micropapillary carcinoma cases

Case  Age Distribution Size (mm)t Nuclear grade Histological gradet Comedo necrosis§ LN status Fallow up
1 39 Pure 24 High 111 {Poor) - 0/8 18 months, NED
2 43 Pure ao Intermediate 11 {Poor) + 17 54 months, NED
3 35 Pure 26 High Il {Poocr) + €/9 17 months, NED
4 ar Pure 8 High I (Poor) - 27/27 34 months, DOD
5 59 Pure B84 High I (Poor} + 29/29 216 months, AWD
6 50 Pure 35 High I (Poor} - 2/15 16 months, NED
7 44 Pure 14 Intermediate Il (Moderate) - 27/29 3 months, NED
8 43 Pure 25 High I {(Poor) - 25/34 83 months, DOD
9 38 Pure 32 High Ill (Pocr) - 18/21 56 months, DOD
10 42 Pure 27 Intermediate Il (Moderate) - 319 24 months, NED
1 65 Mixed 37 Intermediate Il {(Moderate) + 8/19 61 months, DOD
12 55 Mixed 25 High il {Pocr) - 316 88 months, AWD
13 67 Mixed 17 High il (Poor} + MNA 48 months, AWD
14 44 Mixed 12 Intermediate Il (Moderate) - NA 30 months, NED
15 56 Mixed 45 High tI {Poor) + 12/24 14 months, NED
16 38 Mixed 28 High ftl {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, 3Modified Bloom—Scharf-Richardson scoring system.** §Presence (+) or absence (—) within intraductal COmMponents,

tumer 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 ttest.

RESULTS

Clinical and pathological findings of 16 IMPCa are listed in
Table 2. The age distribution at initial 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, calculated by the maximum diameter of the
invasive component on microscopy, was 7-84 mm (average
31.0 mm). The nuclear grade was high in 11 cases (68.8%)
and intermediate in five cases (31.2%). Histological grade

was 1l {poorly differentiated) in 12 cases (75.0%), and grade
Il (moderately differentiated) in four cases, Generally, both
nuclear and histological grading was identical between
IMPCa and the IDC-NCS 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 compeonents were not evident. Lymphatic
invasion was seen in 15 cases (93.4%), and was mostly
extensive. A tolal mastectomy was performed for 10 cases,
quadrantectomy for three cases, and lumpectomy for three
cases, Lymph node dissection at the inilial 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 menths); 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
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(two cases}, chest wall (one case), axillary lymph node (one
case), and pericardium (one case).

Table 3 shows the comparison with serially obtained 1DC-
NQOS 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 posilive
hormone receptors was significantly low (P < 0.05, P < 0.01),
but HER-2 positive cases were more frequent (P < 0.025).
Lymph node metastases were more frequently seen, signifi-
cantly, in IMPCa (13/14; 82.9%) than IDC-NOS (84/150;
65.3%) (P <0.05). Additionally, half of the node positive
IMPCa cases showed more than 10 positive lymph nodes,
and the frequency was significantly higher than IDC-NOS
(P < 0.001).

The results of immunohistochemistry can be seen in
Figs 3,4,5,6, and the comparison between node positive
centrel 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 frequenily 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 histopathological 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 (39.3%)
Histolegical grade

1 (Well differentiated) 0 27 (18.0%)

Il {(Moderately differentiated)
11l {Poorly differentiated)**

3 (18.8%)
13 (B1.3%)

71 (47.3%)
52 (34.7%)

EH-!I
Positive 8 (50.0%) 112 (74.3%)
Negative 8 {50.0%) 38 (24.7%)
PHIRQI
Positive 5 (31.2%) 97 (64.7%)
Negative 11 (68.8%) 53 (35.3%)
HER_zlnnln
Positive 8 (50.0%) 33 (20.3%)
Negative 8 (50.0%) 117 (79.7%)
LN status**
Positive 13 {92.9%) 94 (65.3%)
Negative 1(7.9%) 50 (34.7%)
10 or more +****** 7114 (50.0%} 10/114 (6.9%)

ER, estrogen receptor; IMPCa, invasive micropapillary carcinoma;
IDC-NQS, invasive ductal carcinoma, not otherwise specified; LN, lymph
nade; PR, progesterone receptor. *Comparison between high and non-
high grade, P < 0.001; *"comparison between |ll {poor) and non-Ill grade,
P<0.001;, """ P<0.05 *"""P<0.01; """ P< 0,025 ******P < 0.001.

Invasive micropapillary car¢inoma
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Figure 3 Invasive micropapillary carcinema. Vascular endothelial
growth factor was positive in the cytoplasm. LSAB, %150,
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Figure 4 E-cadherin was positive in most of the cell membrane of
carcinoma cells in the invasive micropagillary c¢arcinoma cases.
LSAB, x150.
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Figure 5 Matrix metalloproteinase-2 was positive in the ¢ytoplasm
of carcinoma cells in the invasive micropapillary carcinoma cases.
LSAB, x150.
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Figure 8 CD34 revealed abundant capillary-sized vessels within
the intervening stroma, but the empty spaces were not surrounded
by endcthelial cells. LSAB, x80.

Table 4 Immunohistochernical findings of IMPCa and node positive
control cases
IMPCa n+ 1DC-NOS
(16 cases) {23 cases)
p53
Positive 9 (56.3%) 7 (30.4%)
Negative 7 (43.7%) 16 (69.6%)
Ki-67 (%) 251+ 141 2351142
CD34 (MVC/mm?)* 63.1+38.0 3361278
VEGF
Positive 16 (100%) 22 (95.7%)
Negative 0 1 (4.3%)
E-cadherin
Positive 16 (100%) 22 (95.7%)
Negative 0 1 (4.3%)
MMP-2
Positive 15 (93.8%) 22 (95.7%)
Negative 1 (6.2%) 1 (4.3%)

IMPCa, invasive 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 alt 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 criteria,
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-
tess of the proportion, shows the unfavorable nature of the
tumor,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 (ER)/
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 ba associated with the
staining procedure and/or counting methods. The proportions
of the positive cases for ¢-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 present 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,*'*' 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 Vill related antigen were totally negative
in our series), a basement membrane {type IV collagen was
totally negative), or epithelial cells. They were surrounded by
fibrocollagenous stroma with spindle shaped stromal cells.2”
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 premenopausal
deviation in PASH cases. Although the empty spaces them-
selves may exist in the same areas, the pathogenesis will be
totally different between the two diseases.

These findings may suggest that IMPCa morphology is
correfated with aggressive behavior of tumors, especially for
metastatic potential. As IMPCa in general show a high fre-
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 p583, 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 nurnbers of small vasculatures within the
stroma between the empty spaces, by microvesse! densities
using CD34 immunoestains. 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 exlensive lymph node metastases,® as in
the present study, case 4 (8 mm in maximum diameter, lymph
node stalus 27/27). Blood-borne metastases may also be
important. Cases that died from IMPCa in the present series
were of various ages (37, 3B, 43 and 65 years) and sizes
(8, 25, 32 and 37 mm), with high nuclear grade and poor
ditferentiation. Positive lymph nodes for metastases were
surprisingly high in number (8, 18, 25, and 27}. Immunchis-
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 to 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, regardless 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 analysis 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 to the results of the

Invasive micropapillary carcinoma

present study. As these umors show distant, blood-borne
metastases, 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 tool to study the functions of
many gene products. Each ts mutant protein may con-
tain a temperature-dependent intramolecular mecha-
nism such as ts conformational change. To identify key
ts structural elements controlling the protein function,
we screened ts p53 mutants firom a comprehiensive mu-
tationlibrary consisting of 2,314 p53 missense mutations
for their sequence-specific transactivity through p53.
binding sequences in Saccharomyeces cerevisice. We iso-
lated 142 ts p53 mutants, including 131 unveported ts
mutants. These mutants clustered in fi.strands in the
DNA-binding domain, particularly in one of the two
B-sheets of the protein, and 15 residues (Thr'®, Arg!®®,
Zﬂetwo, A]alsl, vn]l'n‘ﬂ, H.isﬁld, Serﬂlﬁ’ pr0223, T]“.23]’
Thr*3, Ne?™, Thr?55, 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 momn-
malian cells, The ts mutants represented distinet ts
transactivities for the p53 binding sequences and a dis-
tinct epitope expression pattein for conformation-spe-
cific anti-p53 antibodies. These results indicated that
the intramolecular fi-sheet in the core DNA-binding do-
main of p53 was n key structural 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 tumor suppressor is a 393-amino acid transcription fae-
tor that activates the transcription of a mimber of downstream
genes through p53 binding to two copies of the specific consen-
sus DNA sequence 5'-RRRCA/IHT/A)GYYY-3' (in which Ris a
pwine nucleoside and Y is a pyrimidine nucleoside) in their
regulatory regions (1). These moleenlar swilches are activated
by post-translational modifications, including phosphorylation,
acetylation, and prolyl isomerization (2-5) of p53 in response to
genotoxie or non-genctoxic stresses. The resulting biological
effects ave eell cycle arest, apoplosis, DNA repair, and angio-
genesis (6-10). A growing number of p53 downstream genes
have been isolated, and p53 has been struetwally and func-
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tionally divided into three portions, namely the NH,-terminal
portion containing the transactivation doinain, the central core
portion correspending to the DNA-binding domain, and the
COOH-teyminal portion eontaining the oligomerization do-
main. The evolution of the DNA-binding domain is highly con-
served in p53 orthelogues (11) and alse in the conserved hunan
homologues p63 and p73 (12, 13).

The structure of the DNA-binding domain (residues 94-312)
was resolved by x1ay crystallography (14). The domain con-
sists of two o-helixes (H1 and [12) and 11 B-stands (51, S2,
52/, and S3-8S10) that were interconnected by loops (long
L1-13 loops and other short loops). Twoe anti-parallel S-sheets
containing four (81, 53, S5, and 58) and five (34, 86, 87, 89,
and 810) f-strands make up a large f-sandwich that serves as
& scaffold for a loop-sheet-helix (LSH) matif (L1, S2, §2', 810,
and H2) and two large loops (L2 and L3). The laop-sheet-helix
consists of two separate regions as follows: (i) the L1 loop
(residues 113-123) and the 8$2-82’ g-haimpin (residues 124—
135) that correspond to evolutionary conserved region II (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 loop and the H2 helix contact with a DNA major
groove formed 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 eonserved region 111
(residunes 171-181). Another large loop, L3 (residues 237-250),
coincides with conserved region IV (residues 234-258) and
makes contact with the DNA minor groove formed by the A/T
rich region of the consensus sequence. The L2 loop stabilizes
the L3 loop by packing through a side-chain interaction and a
zine atom tetrahedrally eoordinated on residues Cys?™6, His!?®
of the L2 loop and Cys®®® and Cys?*? of the L3 loop.

Mutations in the 753 gene are the most frequent genetic
alterations in the various human tumors (15). According to the
latest TP53 mutation databases (16, 17), more than 15,000
sematic mutations have been reported to date. The mutations
are clustered in the DNA-binding domain, and the majority
{~80%) are missense wnutations. Among tumor-derived muta-
tions, those at residues Arg'’®, Gly?**, Arg?8, Arg?®®, Arg?®™,
and Arg™? have frequently been reported, and all missense
mutations were unable to bind the specific p53 binding se-
quences and the inactive transactivation for downsbream
genes. These are structurally important residues, because they
directly involve DNA binding oy stabilizalion of the L2 and L3
loops of the protein. However, the majarity of remaining mis-
sense mutations have not yet been examined. Recently, we
constructed 2,314 missense mutations that covered almost all
of the twinor derived missense mutations, as well as a number
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of previonsly unreported nissense mutations, and examined
their ability to transactivate marker genes through distinet
p53 binding sites when the mutants were expressed in yeast.
We determined the functional effect of each mutant p53 and
found that the p53 fimetion correlated well with the struetwre
and mutations (18).

Temperature-sensitive (ts) p53 mutations have been re-
ported and used as tools for conditional pS3 expression in
mammalian cells. We identified previously fow- distinet 1s p53
mutations in eight of the 91 hwnan tumar cell lines using a
veast-hased tramscription assay and predicted that 5-10% of
the tumor-derived missense mutations should be ts mutations
{19). To date, 61 p53 ts snutations have been isclated by using
several different methods, including a yeast-based functional
assay (Table I). Among these, the V272M ts mutant was reac-
tivated by a small molecule, aminothiol WR1065 (20), at a
non-perinissive Lemperafure, suggesting that ts mutants may
be fimetionally rescued by small molecules.

The purpose of this study was the sereening and isolation of
alarge number of ts mutations from a comprehensive missense
mutation library, mapping them to the p53 stiucture, and
considering the function-sbuclhure relationship through the ts
mutants. To isolate @ number of ts p53 mutations, we screened
the p53 library containing 2,314 p53 missense mutations using
a yeast-based pb3 functional assay and found 142 ts p53 mu-
tants, ineluding previously umreported 131 mutants. We con-
firmed that most were also ts in p53-less mammalian cells. The
ts mutants were preferentially mapped on one of the g-sheets,
and there were hot spot sites for ts mntations. Because a fairly
sigmificant fraction of the p53 mutants in the TP52 mutation
databases were ts mutants, these ts p53 mutant proteins may
be novel molecular targets through the ts mechanism and
structure-dependent restoration of p53 fimetion.

EXPERIMENTAL PROCEDURES

pE3 Missense Mudation Library—2,314 p53 missense mulations were
consirucled recently through a 96-well, formailed. site-directed wm-
tagenesis and stably expressed in a haploid yeast strain harboring a
p53-responsive p2I"4* reporter plasmid (pAS03G) (21) or in dipleid
yeost sirains harboring p53-responsive reporler plasmids wilh a ADM2
promater or p53 binding sequences derived from BAX (pKS07R), 14-3-30
{PKSOYR), p52AIPI (pKS11R), GADDY5 (pKS13R), Nexa (PKS15R), and
pE3R2Z (pKSITR) as described previously {18).

Screening ts p53 Mutants Using a Yeast Assey—The 2,314 yeast
clones expressing the mutant p53 were grown on 25 9G-well formatied
plates coniaining synihelic complete (SC) media lacking lencine and
tryplophane (SC ~Leu —Trp) in the case of the haploid sirains, or SC
media lacking leucine, iryplophane and histidine {SC -Leu =Trp
~His} in the case of the dipleid sirains.

Fluorescent Intensity—To evaluate the transactivity of each mutant
p53 quantitatively, the yeast clones (haploid cells) were replicaled on
8C ~Leu ~Tryp solid media using a 96-pin replicator and grown at 37 or
32 °C for 2 days. The plates were then divectly processed in a 9G-well
formaltted fluoremeter (Fluoroskan Ascent FL, Labsyslems) to measure
the Muorescent intensity (excitalion, 485 nm; emission, 538 nm) of
p53-dependent enhanced green fluorescent protein expression through
a human p21™*-derived p53 binding sequence. The diploid cells,
selected by maling reaction, were incubated on SC -Leu -Trp -His
plates at 37 or 30 °C for 2 days, and the Nuorescent inlensity of Ds-Red
was measured using the same fluoromeler (excitation, 544 nm; emis-
sion, 580 nm} lo evaluate the p53-dependent Ds-Red expression
through elher p53-binding sequences, Al least Lwe independent exper-
iments were performed for each reporter, and the fluoreseence intensi-
ties were averaged. The averaged values were standardized in each p5b3
binding sequence, cluslered, and visualized vsing ihe CLUSTER and
TREEVIEW programs, The standardized dala were also spoited en a
Lwo-dimensional graph for 30 and 37 °C. We defined tha fullowing
erileria to select ls mulanls froms the p53 mutant lbrary, namely
MaWa = 0.7, My/Wy, = 0.5, and M, /My, 2 2, where My, and My,

19 abbrevialions used are; Ls, lemperature-sensitive; SC, synthelic
complete; HRP, horseradish peroxidase.

indicate the fluoreseent. inlensitics of the p53 mutants ol 30 and 37 °C,
respeclively, and W, and Wy, indicale the tuorescent inlensities of the
wild-type pB3 ad 30 and 37 °C, respoclively.

Cell Culture und Transfection—A TP53-deficient hwinan osluosar-
coma cell line, Saos-2, was cultured in RPMI 1640 medium supple-
mented with 10% heal-inactivated (56 °C for 30 min} felal calf serum
(JRH Bicscience) in the presence of 5% CO,. For luciferase nssays, the
cells were grown 1o 60-D0% confluence in 96-well tissue culture plates at
37°C and then enltured at 32 or 37 °C for ancther 24 h, For immunopre-
cipilalion, the cclls were grown in 80 x 20-mm tissue culture plates al
37°C in the presence of 5% CO, and further incubated al 82 or 37 °C for
another 18 h. Transient transfeclions were performed using the Effeclene
{Qiagen) transfeclion reagenl. For Juciferase assnys, the cells were cor
transfecled with 12.5-50 ng of the expression veclor (DCR259-p53W'T,
PCR2ES-pS3MT, ur u p5d-Jess control pCR25Y veclor) (18} and 50-87.5ng
of the pSd-responsive Juciferase plasmid (p21Ps-luc, pMDMPs-lue, pB-
AXPs-lue, pSIGMAPs-lue pS3R2Ps-lue, or PSIGADD4G s-lue) (18, 21}
and incubated for a further 24 h. For immunoprecipilation, the cells
were transfected with 2 pg of the expression vector (pCR259-p53WT,
pCR259-p53MT, or a contral pCR259 vector) and furilier incubated for
36 h.

Luciferase Assuy—Afler 24 b of transfection, lucifurin (Steady-Glo
lucilerase assay systein, Promega), a substrale of luciferase, was added
1o the culture media and further incubated for 60-120 min according to
the manufaclurer's instructions. The fluorescent inlensily was meas-
ured using 1lie Fluoroskan Ascent FL {(see above). The relative fluores-
cent inlensily to the wild-type control was calctlated from three sets of
independent experimental data al 32 and 37 °C. The value differences
at the two temperalures were statislically evaluated by £ test. The ts
mutants were defined when the p value was <0.001.

Immunaoprecipitation and Immunoblotting of p58—Saes-2 cell ly-
sales were prepared in 100 pl of NET buffer (150 mM NaCl, 50 mM
Tris-HC] (pH8.0), § ms EDTA, and 1% Nonidet P-40) containing 0.1
ug/pl phenylmethylsulfonyl flucride. Fifty microliters of {ho cell lysates
were immunoprecipitated with 10 pl of the PAb1620 (Al-5; Oncogene)
or the PAb240 (AL-3; Oncogene) menoclonal antibody against human
p53. The lysates, with 8 ul of the cruda lysate, were fractionated by
SDS-polyacrylamide gel electrophoresis and transferred electrophoreti-
cally to Optitran BA-583 membranes (Schleicher & Schuell), and the
expressed p53 mulants were detected using a HRP-conjugate anti-p53
antibody (p53(FL393)HRP, Santa Cruz Biotechnulogy). The proteins
were visualized and quonlitalively analyzed using an ECL Weslern
blotting detection system {(Amersham Biosciences), o tumine-image an-
alyzer {LAS1000, Fuji Film) and ID image analysis soflware {(Kodak
Digital Science).

Druwing p53 Peplide Structures—To map the ts p53 mulants on the
P53 core domain, the NCBI structure file, 1TUD, was customized for our
purpose and visualized using Cn3D 4.0 software (22},

RESULTS

Clustering of 2,314 Mutations on Transuctivities at T'wo Dis-
tinet Temperatures—An unsupervised, hierarchical one-dimen-
sional cluster analysiz allowed us to cluster the 2,314 pa3
mutants on the basis of similar measured transactivities for
eight distinct p53 binding sequences (p53 binding sites) at 30
and 37 °C (Fig. 1A). The mutants are divided into two major
clusters. In one of these clusters the mutants retain transac-
tivities; in the other they lose activity, and these clusters are
moslly temperature-independent. Notably, there is one
temperature-dependent sub-cluster within the latter cluster
(Fig. 1B). The cluster consists of 64 p53 mutants, and the
transactivities of the mutants are inactive on almost all p53
binding sites at 37 °C but active on some p53 binding sites at
30 °C, indicaling that a Jarge number of mutanls are ts for
transactivation in yeast cells.

Isolation. of ts p53 Mutants in Yeast—Although the cluster
analysis found the typical ts mutants that represent tempera-
lure sensitivity for most p53 binding sites, there are mutants
that show temperature sensitivity on limited types of p53 bind-
ing sites and, therefore, are not clustered. To also isolate such
clones, Lhe transactivities of the 2,314 mutant clones at 30 and
37 °C were standardized and overviewed by a scatter plot for
each p53 binding site (Fig. 2). Among the 18,512 dala points
(8 x 2,314 clones), the majority had similar transcriptional
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