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Prognostic Index (VNPI), which is the sum of
grade, extent, and margin status, correlates well
with the risk for local recurrence™. However, the
overall survival, at least 5 or 10-years later, were
not significantly different. Additionally, the ratio of
invasive recurrences among all recurrent cases
(almost half of the cases, as in similar results in
Japanese patients®™) was not be influenced by the
VNFL

Other pathological parameters are detected by
special techniques, but they are not always per-
formed in routine practice. The Ki-67 index, hor-
mone receptor status (ER/PgR), HER-2/neu sta-
tus, and p53 expression status are shown in Table
4. Many articles have examined the overexpres-
ston of c-erbB-2 (HER-2/neu) in high-grade DCIS,
and the frequency of overexpression was higher
than that of invasive ductal carcinomas.

Finally, lymph node metastases of DCIS are
reported in almost 0%, or 1-2% of the cases, as
mentioned previously. The method of pathological
examination, rather than underestimation of
microinvasion, may be the cause of the unexpect-
ed metastasis. Most node positive DCISs are high-
er-grade lesions.
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Breast conserving surgery (BCS) is now a standard surgical treatment for early breast cancer. The
number of patients with tumors under 3 cm who underwent breast conserving surgery overtook the num-
ber of patients who underwent total mastectomy for the first time in Japan in 2003. We have been employ-
ing breast conserving surgery with primary reconstruction using a lateral tissue flap (LTF), and have per-
formed breast conserving surgery for 266 patients from 1990 to 2002. The incidence of local relapse was
5.6%. Although we did not irradiate a low risk group of 101 patients, our method is not inferior to other
reports in which all cases underwent irradiation. Primary reconstruction with LTF has three advantages.
The first is that we can avoid poly-surgery for breast reconstruction. The second is that the volume of the
graft is maintained longer than reconstruction with a musculo-cutaneous flap. The third is that patients
can avoid allergic reactions or granulomas as seen with artificial prosthesies. In conclusion, breast con-
serving surgery with immediate volume replacement with a LTF is a reasonable surgical procedure and
has the advantage of avoiding unnecessary surgical procedures for reconstruction and surgical invasion
without delaying the diagnosis of local relapse. Moreover, an adequate assessment of risk can spare low

risk groups irradiation.
Breast Cancer 12:16-20, 2005.

Key words: Breast conserving surgery, Lateral tissve flap

The incidence of breast cancer is the greatest
of all female malignancies since 1991 and is still
increasing in Japan. The mortality rate reached
the third highest after lung cancer and gastric
cancer in 1998. Patient demand helped develop
breast conserving surgery (BCS) as a local treat-
ment to maximize prognosis and cosmesis.

Breast conserving surgery was established as
a standard surgical procedure in United States
and Europe in the late 1980s”. The number of
patients with breast cancer under 3 cm in size who
underwent breast conserving surgery overtook
the number of patients who was underwent total
mastectomy in 2003 for the first time in Japan. The
coexistence of good prognosis and cosmesis is the
most important advantage of BCS. To achieve
these two aims, we have started quadrantectomy
(Bq) based on the anatomical structure of the

Reprint requests to Motohiro Tokeda, Division of Surgical Cncology
Graduate School of Medicine Tohoku University 1-1, Seiryo-Machi,
Aobaky Sendai, 980-8574 Japan.
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mammary gland since 1990?. Compensating for
the large volume defect generated by quadrantec-
tomy was a problem. Quadrantectomy generally
requires more breast volume be excised than par-
tial mastectomy. We employed lateral tissue flap
(LTF) reconstruction to compensate for the defect
resulting from quadrantectomy. LTF is composed
of adipose tissue placed caudal to the axillary
arch.

Primary volume replacement for BCS has the
risk of delaying the diagnosis of local recurrence.
Since most of local recurrences occur within 5
years, intensive local examination and periodic
observation is required. In this article, we describe
the method for breast conserving surgery with
immediate reconstruction with a LTF, and the clin-
ical outcomes concerning local recurrence after
breast conserving surgery with primary volume
replacement using LTE
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Fig 1. Lateral incision of breast conserving surgery.
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Fig 2. Duct-lobular system of the mammary gland.

Surgical Procedures

Skin Incision and Abrasion

In our surgical treatment of BCS, a sigmoid
skin incision is made on the middle axillary line
(lateral incision) to avoid an operative scar which
can be seen from an anterior view (Fig 1). A later-
al incision is made to excise tumors under 3 cm in
diameter at any location to perform the quadran-
tectomy, volume replacement with LTF and axil-

lary lymph node dissection.

The skin is widely peeled at the subcutaneous
layer with a radio knife to allow quadrantectomy,
axillary dissection and volume replacement with a
single incision. Skin over the caudal area of the
axillary region is also peeled back to make the
LTF to correct the volume defect.

Quadrantectomy

We excise tumors using quadrantectomy for
BCS. Quadrantectomy is performed based on the

17
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Fig 4. Rotation of the lateral tissue flap.

anatomical extension and structure of the duct-
lobule system of the mammary gland to achieve
complete resection of the tumor and its extension
to the ductal structure (Fig 2)®. We perform par-
tial mastectomy if there is no finding of tumor
extension in the mammary duct. Tumor extension
is evaluated by X-CT, MRI and ultrasonography.

Volume Replacement with LTF

LTF is made with adipose tissue located caudal
to the axillary arch. The axillary arch is the caudal
border of the axillary region, and is composed of
connective tissue related to axillary fascia (Fig 3).

18
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Breast Conserving Surgery with a Lateral Tissue Flap

The blood supply and drainage of the LTF is main-
tained by lateral thoracic vessels and communicat-
ing vessels from the latissimus dorsi. When we
prepare the LTF, we preserve the communicating
vessels from the latissimus dorsi and/or lateral
thoracic vessels (Fig 3). To preserve these vessels
is the key point to prevent necrosis of the LTE
Volume replacement is performed by rotation of
the LTF. Indirect volume replacement is per-
formed for medial volume defect in areas of A and
B (Fig 4). Direct volume replacement is perfor-
med for lateral volume defect in areas of C and D
(Fig 4).
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Fig 5. Long-term anterior view of the breast after breast con-
serving surgery.

Irradiation Group and Non-irradiation
Group

Irradiation of the conserved breast was per-
formed for 165 patients. We avoided irradiation for
101 of patients at low risk of local recurrence. Low
risk group was defined as pathologically n0, ly (—
or 14), without an extended intra-ductal compo-
nent, with negative margins (cancer free within 5
mm of the surgical margin}, without multi-centric
lesions and without a contralateral lesion.

Incidence of Local Recurrence

We performed breast conserving surgery for
266 patients from Sep. 1990 to Dec. 2003. Fifteen
patients (5.6%) had local relapse. The median
observation period was 72 months. Irradation of
the conserved breast was performed for 165 pati-
ents. We avoided irradiation for 101 low risk pati-
ents as noted above, In the non-irradiated patients
the incidence of local relapse was 6.9%. The inci-
dence of local relapse in the group undergoing
irradiation was 4.8%. There was no statistically sig-
nificant difference between irradiated and non-
irradiated cases.

Cosmesis

Fig 5 shows the cosmetic features of BCT with
volume replacement using LTF for the right breast.
There is no conspicuous difference hetween either
the breast. The operation scar is not seen from the
front.

Disecussion

We started breast conserving surgery in 1989.
One of the advantages of using L.TF for volume
replacement is long-term maintenance of the graft.
LTF does not shrink like a musculo-cutaneous flap
(MC flap) using the latissimus dorsi, which shr-
inks because of disuse atrophy.

Volume replacement with LTF is a minimally
invasive breast reconstruction technique compa-
red with breast reconstruction with a saline bag.

The incidence of local recurrence is not inferi-
or to that of ordinary breast conserving surgery.
In our department, local recurrence is found in
early stages without distant metastasis in almost
all cases by careful and frequent follow up by
mammography and ultrasonography. For most
patients, local recurrence occurs within 5 years,
we perform ultrasonography every 3-6 months for
5 years. Annual examination by mammography is
also performed. The incidence of local recurrence
is 5.6%. This is not inferior to the incidence report-
ed in western countries™®”. This is due to volume
resection of the mammary gland sufficient to achi-
eve negative margins and appropriate irradiation
after estimation of risk. As Voogd ef al. reported
that an age younger than 35 years, extended intra-
ductal component, and vascular invasion are the
factors that contribute to local recurrence, our
data suggests that appropriate risk evaluation can
avoid irradiation in the low-risk group. On the
other hand, local recurrence in high-risk cases
with is well controlled by irradiation. We were able
to reduce the rate of local relapse to as low as 4.8%.
Recently, we estimated tumor extension by CT
and MRI**, When there is very limited extent of
tumor, we employ partial mastectomy. These mod-
alities also assist us in improving negative margin
rates.

With breast conserving surgery followed by
volume replacement with LTF, blood flow of the
LTF should be well maintained. We preserve com-
municating branches from the latissimus dorsi
and lateral thoracic vessels when we prepare the
LTF. Careful lymph node dissection should be
done with complete removal of lymph nodes and
adipose tissue around the lateral thoracic vessels
when we preserve lateral thoracic vessels so as to
completely remove cancer cells (Fig 3).

The long term volume stability of the LTF is
good, because adipose tissue does not shrink due

19
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to disuse atrophy.

Breast conserving surgery with primary vol-
ume replacement with LTF has advantages beca-
use, 1) patients can avoid foreign prosthesis like
silicone bags, 2) LTF maintains its volume for a
long period and 3) patients can avoid poly-surgery.
The disadvantage of volume replacement with
LTF is that the thickness of the LTF depends on
the thickness of subcutaneous adipose tissue, It
does not always meet the demand for the thick-
ness of breast tissue. In cases with thin LTF for
volume replacement, the central area of the breast
under the nipple should be covered by existing
mammary gland to maintain thickness with a par-
tial suture and the peripheral area would be cov-
ered by LTF. Using this method, the difference in
volume hetween the breasts is not conspicuous.

In conclusion, volume replacement with LTF is
a reasonable and useful method to achieve both
local control and good cosmesis in primary surgi-
cal breast cancer treatment.
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invaslve micropapillary carcinoma (IMPCa) of the breast
refers to a unique variant of Invasive ductal carcinoma, but
its blological behavior has not been elucidated well. We
analyzed 16 IMPCa cases (10 pure type, six mixed type). The
incidence of IMPCa was 1.0% of all primary breast carci-
noema. 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
posltive nodes. Comparison between serlally 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 recepior/
progesterone receptor {(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-NQS 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, INPCa 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 hut 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 ol a micropapillae within clear spaces, which
appear to be empty, but in some instances mucinous 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 gther-
wise specitied (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 nol been elucidated well, especially in
Japanese women. Thus, we examined IMPCa, clinicopatho-
logically and immunohistochemically, and compared them
with IDC-NOCS.

MATERIALS AND METHODS

We reviewed the case files from September 1998 10 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 (COLC 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 90% of the
invasive micropapiliary carcinoma compased 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-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 Invaslve micropapiltary carcinoma showing a micropapil-
lary pattern of carcinoma cells floating within the empty space.
HE, x20.
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Figure 2 Puretype invasive micropapitiary carcinoma with an
extensive characteristic histological pattern. HE, x100.
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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 immunochistochernical analysis, another 23
cases with positive lymph node metastases al the initial oper-
ation, with available follow-up data {43-149 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 paraftin, and 3 um-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 compeonents, presence or absence
of comedonecrosis within the intraductal carcinoma, the
nuclear/histological grading, and lymph node status, were
evalualed. 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.

Immunchistochemical staining for estrogen recepior,
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-67, 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. Afler that, the Histofine SAB-PO kit (Nichirei,
Tokyo, Japan) was applied. The positive staining was visual-
ized using 3,%-diaminokenzidine 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 (1S), which estimates the average staining intensity of
positive tumor cells {range 0-3). The PS and 1S were added
1o 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 to decide il
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 (DAKQ) scoring criteria
was used." A weak 1o 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 of Ki-67 positive cells per 100
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Table 1 Immunohistochemical reagenis and methods used

Antigen Antibody Source Dilution Antigen retrieval
ER 6F11 Novocastra, Newcastle upon Tyne, UK 1:50 Heatingt
PR MAB429 Chemicon, Ternecula, CA, USA 1:30 Heatingt
HER-2 {Polyclonal) DAKO, Glostrup, Denmark 1:800 Heatingt
p53 DO-7 Biomeda, Foster City, CA, USA 1.40 Heatingt
Ki-87 MIB-1 Immunotech, Marseille, France 1:300 Autoclave
CD34 NV4A1 Nichirei, Tokyo, Japan 1:100 None
VEGF (Polyclonal) R&D Systems Inc., Minneapaolis, MN, USA 1:100 Autoclave
E-cadherin 4A2C7 Zymed, San Francisco, CA, USA 1:400 Autoclave
MMP-2 42-5D11 Fuiji, Tokyo, Japan 1:30 None
Factor VIII-R Ag {Polyclonal) DAKO, Glostrup, Denmark 1:200 Protease
Type IV collagen Clvaz DAKO, Glostrup, Denmark 1:100 Pepsin

ER, estrogen receptor; PR, progesterone receptor; R Ag, relaled antigen; VEGF, vascular endothelial growth factor. $Performed by the Ventana

Bench Mark Automated Staining System.

Table 2 Clinicopathological features of 16 invasive micropapillary carcinoma cases

Case  Age Distribution Size (nm)t Nuclear grade Histological gradet Comedo necrosis§ LN status Follow up
1 39 Pure 24 High H (Poor) - 0/8 18 months, NED
2 43 Pure 30 Intermediate Il (Poor) + 17 54 months, NED
3 as Pure 26 High 1l (Poor} + 6/9 - 17 months, NED
4 a7 Pure 8 High 11l {Poor) - 27127 34 months, DOD
5 59 Pure 84 High Il {Poor) + 25/29 216 months, AWD
6 50 Pure 35 High I (Pocr) - 215 16 months, NED
7 44 Pure 14 Intermediate Il (Moderate) - 27/29 3 months, NED
8 43 Pure 25 High N (Poor) - 25/34 83 months, DOD
9 38 Pure 32 High i1l {Poor) - 18/21 56 months, DOD
10 42 Pure 27 Intermediate Il (Moderate) - 319 24 months, NED
11 65 Mixed 37 Intermediate Il {(Moderate) + 8/19 &1 months, DOD
12 55 Mixed 25 High tll (Poor) - /16 88 months, AWD
13 67 Mixed 17 High i1l {Poor) + NA 46 months, AWD
14 44 Mixed 12 Intermediate Il {(Moderate) - NA 30 months, NED
15 56 Mixed 45 High Il {Poor) + 12/24 14 months, NED
16 38 Mixed 28 High It (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—-Schari-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 fttest.

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 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-
aled 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 moslly
extensive, A total mastectomy was performed for 10 cases,
guadrantectomy for three cases, and lumpectomy for three
cases. Lymph node dissection at the initial operation was
performed in 14 cases. Lymph node metaslases 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
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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 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 metastases were more frequently seen, signifi-
cantly, in IMPCa (13/14; 92.9%) than IDC-NOS (94/150;
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-NCS
(P < 0.001).

The results of immunohistochemistry can be seen in
Figs 3,4,5,8, 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. Immunohistochemical

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

IMPCa {DC-NOS
{16 cases} (150 cases)

Age (average) 50.9 years 54.1 years
Nuclear grade

1 (Low) 0 5 (3.9%)

2 (Intermediate) 4 (25.0%) 86 (57.3%)

3 (High)* 12 (75.0%) 59 {39.3%)
Histological grade

I {well differentiated) 0 27 (18.0%)

71 (47.3%)

1} (Moderately differentiated)
52 (34.7%)

11l (Poorly differentiated)™*

3 (18.8%)
13 (81.3%)

EH"I
Positive 8 (50.0%) 112 (74.3%)
Negative 8 (50.0%)} 38 (24.7%)
PR
Positive 5 {(31.2%) 97 (64.7%)
Negative 11 (68.8%) 53 (35.3%)
HER_z'.-tt
Positive 8 (50.0%) 33 (20.3%)
Negative 8 (50.0%) 117 (79.7%)
LN status***
Posttive 13 (92.9%) 94 (65.3%}
Negative 1(7.1%) 50 (34.7%)})
10 or morg +****** 714 (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 IIl {poor) and non-lil grade,
P < 0.001;: **P<0.05; ****P< 0.01; """ P< (.025;, """ P< 0.001.
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Figure 3 Invasive micropapillary carcinoma. Vascular endothelial
growth factor was positive in the cytoplasm, LSAB, x150.
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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.
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Figure 6 CD34 revealed abundant capillary-sized vessels within
the intervening stroma, but the empty spaces were not surrounded
by endothelial cells. LSAB, x80.

Table 4 Immunohistochemical findings of IMPCa and node positive
control cases

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

p53

Positive 9 (56.3%) 7 (30.4%)

Negative 7 (43.7%) 16 (69.6%)
Ki-67(%) 251 +14.1 2354142
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%)

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 metalioproteinase
protein-2; MVC, microvessel count; n+, node positive; VEGF, vascular
endothelial growth factor. *P < 0.05.

features were generally identical in the iIMPCa and 1DC-
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 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-
less of the proportion, shows the unfavorable nature of the
‘umor_'!,ﬂ,‘lS

Histologically, it is not difficult to notice this characteristic
subtype of breast carcinoma. They are a vartant 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.*®8" |mmu-
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 o 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 associaled with the
staining procedure and/or counting methods. The proportions
of the positive ¢ases 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 tlymph 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 metasiases were not associ-
ated with the proportion of the IMPCa area within the
tumor, 215 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 VIl related antigen were totally negative
in our series), a basement membrane (type |V ccllagen 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 peudcangiom-
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 iike 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
correlated with aggressive behavior of tumors, especially for
metasiatic 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 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
stroma between the empty spaces, by microvesse! densilies
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 melastases.” Hence, the large numbers of small vascu-
lalures 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 associaled with a poorer prognosis in
these patients. As mentioned above, the proporticn of the
IMPCa area in a single mass may not affect the prognosis.
£ven the smaller tumors, less than 1 cm or even less than
0.5 cm, may show extensive lymph node metastases,® 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 iIMPCa in the present series
were of various ages (37, 38, 43 and 65 years) and sizes
{8, 25, 32 and 37 mm), 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.?9 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, stil
seemns to be controversial, There are several possibilities for
the explanation of the significant biological difterences
according 1o 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 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 al least be more aggressive than
IDC-NOS, and show significantly higher vasculature than
node-positive IDC-NOS, according to the resulls of the
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present study. As these tumors show distant, blood-borne
metastases, high vasculature in the intervening stroma is
important, as well as their extensive lymphatic spread.

ACKNOWLEDGMENTS

We sincerely thank Chizuru Nagasawa MT, Hiroshu Miura
CT, Noriyuki Fujimura CT, Toshiyuki Habara CT, Nobuhiko
Akiu CT and Mr Akio Ohkura for their technical assistance.

REFERENCES

1 Elston CW, Ellis 10. Invasive micropapiliary carcinoma. In:
Elston CW, Ellis 1Q, eds. Systemic Pathology, The Breast, Vol.
13, 3rd edn. Edinburgh: Churchill Livingstone, 1598; 322-3.

2 Siriaungkul S, Tavassoli FA, Invasive micropapillary carcinoma
of the breast. Mod Pathol 1993; 6 660-62.

3  Luna-More S, De los Santos F, Breton JJ, Canadas MA, Estro-
gen and progesterone receptors, C-ERBB-2, p53, and BCL-2
in thirty-three invasive micropapillary breast carcinomas. Patho!
Aes Pract 1996, 192: 27-32.

4 Middieton LP, Tressera F, Sobel ME et al. Infilirating micropap-
ilary carcinoma of the breast. Mod Pathol 1999; 12: 499-504.

5 Tresserra F, Grases PJ, Fabregas R, Fernandez CA, Dexeus
S. Invasive micropapillary carcinoma. Distinct features of a
poorly recognized variant of breast carcinoma. Eur J Gynaeco!
Oncol 1999; 20: 205-8,

6 Walsh MM, Bleiweiss IJ. invasive micropapillary carcinoma of
the breast. Eighty cases of an underrecognized entity. Hum
Pathol 2001; 32: 583-9.

7 Tsumagari K, Sakamoto G, Akiyama F, Kasumi F, The
clinicopathological study of invasive micropapillary carcinoma
of the breast. Jpn J Breast Cancer 2001; 16. 341-8 (in
Japanese).

8 Paterakos M, Watkin WG, Edgerton SM, Moore IIDH, Thor AD.
Invasive micropapillary carcinoma of the breast. A prognostic
Study. Hum Fathol 1999; 30; 1458-63.

9 Luna-More §, Casquero S, Perez-Mellado A, Rius F, Welill B,
Gornemann |. Importance of estrogen receptors for the behav-
ior of invasive micropapillary carcinoma of the breast. Review
of 68 cases with follow-up of 54. Patho! Res Pract 2000; 196:
35-9.

10 Tsuda H, Akivama F, Kurosumi M, Sakamoto G, Watanabe T.
Establishment of histological criteria for high-risk node-negative
breast carcinoma for & multi-institutional randomized clinical
trial of adjuvant therapy. Japan National Surgical Adjuvant
Study of Breast Cancer {NSAS-BC) Pathology Section. Jpn J
Ctin Oncol 1998, 20: 486-91.

11 Elston CW, Ellis 1Q. Pathologic prognostic factors in breast
cancer. |. The value of histologic grade in breast cancer. Expe-

" rience from a large study with long-term follow-up. Hisfopatho!
1991; 19: 403~11.

12 Allred DC, Harvey JM, Berardo M, Clark GM. Prognostic and
predictive factors in breast cancer by immunohistochemical
analysis. Mod Pathof 1998; 11: 155-68.

13 Tsuda H, Tani Y, Hasegawa T, Fukutomi T. Concordance

©in judgrment among c-erbB-2 (HER-2/neu) overexpression
delected by two immunohistochemical tests and gene ampfifi-
cation detected by Southern blot hybridization in breast carci-
noma. Pathol Int 2001; 51: 26-32.

— 151 —



96

14

15

C. De La Cruz et al.

Nassar H, Wallis T, Andea A, Dey J, Adsay V, Visscher D, 16
Clinicopathologic analysis of invasive micropapillary differenti-

ation in breast carcinoma. Mod Pathof 2001; 14: 836-41.

Luna-More S, Gonzalez B, Acedo C, Rodorige |, Luna C, Inva-

sive micropapillary carcinoma of the breast. A new special type 17
of invasive mammary carcinoma. Pathol Res Pract 1894; 190;
668-74,

— 152 —

Acs G, Lawton TJ, Rebbeck TR, Livolsi VA, Zhang PJ. Differ-
ential expression of E-cadherin in lobular and ductal neoplasms
of the breast and its biologic and diagnostic implications. Am J
Clin Pathol 2001; 115: 85-88.

Vuitch MF, Rosen PP, Erlandson RA. Pseudoangiomatous
hyperplasia of mammary stroma. Hum Pathol 18886, 17; 185—
1.



THE JOUKNAL 0 BioLotital CHEMISTHY
© 2004 by The Ameriean Sociely for Biochetaistry and Molecular Biology, Ine.

Vol. 210, No, 1, Isrue of January 2, pp. 348-358, 2004
Printed in U.S.A.

Isolation of Temperature-sensitive p53 Mutations from a
Comprehensive Missense Mutation Library*

Received for publication, October 1, 2003, and in revised form, Qclober 13, 2002
Published, JBC Papers in Press. October 13, 2003, DO! 10.1074/be. M3 10815200

Kazuko Shiraishitg, Shunsuke Katot, Shuang-Yin Hant, Wen Liut, Kazunori Otsukat,
Masato Sakayorii, Takanori Ishida§, Motohiro Takeda$, Ryunosuke Kanamarut,

Noriaki Ohuchi$, and Chikashi Ishiokaiy

From the 3Department of Clinical Oneology, Institute of Development, Aging and Cancer, Tohohu University, Sendui 980-
8575 und the $Division of Surgical Oncology, Tohoku Uhiversity School of Medicine, Sendai 950-8574, Japun

Temperature-sensitive (15} 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 n temperature.dependent intramoclecular mecha-
nism such as ts conformationsl change. To identify key
ts structural elements controlling the protein function,
we screened ts p53 mutants from a comprehensive mu-
tation library consisting of 2,314 p53 missense mutations
for their sequence-specific transactivity through p53-
bindinug sequences in Seccharomyces cerevisiae. We iso-
Jated 142 ts p53 mutants, including 131 unreported ts
mutants. These mutants clustered in f-strands in the
DNA-binding domain, particularly in one of the two
p-sheets of the protein, and 15 residues (Thr'*, Arg'®™,
Met!®®, AlalSL Val'73, His®¥Y, Ser®®, Pro®™, Thr®!,
Thr?s, T16*, Thr?®8, Sexr?®?, 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 mutants represented distinect ts
transactivities for the p53 binding sequences and a dis-
tinct epitope expression pattern for conformation-spe-
cific anti-p58 antibodies. These results indicated that
the intramolecular 8-sheet in the core DNA-binding do-
main of p53 was a key structural element controlling the
protein function and provided a clue for finding a mo-
Jecular mechanism that enables the rescue of the mu-
tant p58 function.

p53 tumor suppressar is a 393-amine acid transcviption fac-
tor that activates ihe transcription of a mumber of downsiream
genes through p53 binding to two copies of the specific consen-
sus DNA sequence B'-RRRCIA/INT/AIGYYY-3' (in which Risa
purine nucleoside and Y is a pyrimidine nucleoside} in their
regulatory regions (1), These molecular switches are activated
by post-translational modifications, including phosphorylation,
acetylation, and prolyl isomerization (2-5) of p53 in response Lo
genotoxic or non-genotoxic stresses. The resulting biclogical
effects are cell cycle mirest, apoptosis, DNA repair, and angio-
genesis (6-10). A growing nuwmber of p53 downstream genes
have been isolated, and p53 has been structurally and func-
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tionally divided into three portions, namely the NH,-terminal
portion containing the transactivation domain, the central core
portion corresponding to the DNA-binding domain, and the
COOH-terminal portion econtaining the olipomerization de-
main. The evolution of the DNA-binding dmnain is highly con-
served in p53 orthologues (11) and also in the conserved human
homologues 163 and p73 (12, 13).

The structw-e of the DNA-binding domain (residues 94-312)
was resolved by x-ray arystallography (14). The domain con-
sists of two e-helixes (H1 and I12) and 11 Bstrands (81, 82,
82, and S3-510) that were interconnected by loops (long
L1-L3 loops and other short loops). Two anti-parallel S-sheets
conlaining four (S1, S3, S5, and S8) and five (54, S6, 87, 59,
and 510} #-strands imake up alarge g-sandwich that serves as
a scaffold for a loop-sheet-helix (LSII) motif (L1, S2, S2', 810,
and I12) and two large loops (L2 and L3). The loop-sheet-helix
consists of two separate regions as follows: (i) the L1 loop
(residues 113-123) end the $2-82' B-hairpin (residues 124-
135) that correspond to evolutionary conserved region 11 (resi-
dues 117-142) (11); and (if) the end of the S10 strand (residues
264-274) and the H2 helix (residues 278-266) that correspond
to conserved region V (residues 270-286). In the loop-sheet-
helix, the L1 loop and the H2 helix contact with a DN A 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 eontains conserved region 11T
(residues 171-181). Ancther 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 AT
rich region of the consensus sequence. The L2 loop stabilizes
the L3 loop by packing through a side-chain interaction snd a
zine atom tetrahedrally coordinated on residues Cys*™6, His'™
of the 1.2 loop and Cys®®® and Cys**? of the L3 loop,

Mulations in the TP53 gene are the most fequent genetic
alterations in the various human tunors (15) According to the
latest TP53 mutation databases (16, 17), more than 15,000
somatic mutations have been reported to date. The mutations
are clustered in the DNA-binding dumain, and Lthe ajority
(~80%)} are missense mutations. Among tumor-derived muta-
tions, those at residues Arg’ 7, Gly?%5, Arg?*®, 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 downstream
genes, These are structurally imporlant residues, becavse they
direcly involve DNA binding or stabilization of the L2 and L3
Joops of the prolein. However, the majority of remaining mis-
sense mutations have not yet been examined. Recently, we
construeted 2,314 missense mutations that covered almost all
of the tumeor derived missense mutations, as well as 4 number

This paper is available on line ai hitp:/fwww.jbc.org
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of previously wmreported missense muiations, and examined
their abilily to transactivate marker genes through distinet
153 binding sites when the mutants were expressed in yeast.
We deteymined the functional effect of each mutant p53 and
found that the p53 function correlated well with the strueture
and mutations (18).

Temperature-sensitive (ts)’ p53 mutations have been re-
ported and used as tools for conditional pG3 expression in
mammalian cells. We identified previously fow distinet 1s p53
mutations in eight of the 91 human tumor cell lines using a
yeast-based Lranscription assay and predicled that 5-10% of
the tumor-derived missense mutations should be ts mutations
119). To date, 61 p53 ts mulations have been isolated by using
several different methods, incuding a yeast-based functional
assay (Table I). Aiong these, the Y272M ts mutant was reac-
tivated by a small molecule, aminothisl WR1065 (20, at a
non-permissive temperature, suggesting that ts mutants may
be finetionally rescued by small molecwes.

The purpose of this study was the screening and isalation of
a large numbey of ts mutations firom a comprehensive missense
mutation library, mapping them to the p53 structwre, and
considering the function-shcture relationship through the ts
mutants. To isolate a number of ts p53 mutations, we screened
the p53 library contajning 2,314 p53 missense mutations using
a yeast-based p53 functional assay and found 142 ts p53 mu-
tants, including previously unreported 131 mutants. We con-
firmed that most were also ts in p53-less mammalian cclls. The
ts mnutants were preferentially inapped on one of the g-sheets,
and there were hot spot sites for ts mutations. Because a fairly
significant fraction of the p53 mutants in the TP53 mutation
databases were ts mnutants, these ts p53 mutant proteins may
be novel molecular targets through the ts mechanism and
structhwe-dependent restoration of p53 function.

EXPERIMENTAL PROCEDURES

P53 Mizsense Mutution Library—2,314 p53 missense mulations were
consirucled recently through o 98-well, formatted. site-girecled wn-
ogenesis and stably expressed in o haplaid yeast strain harboring a
p53-responsive p21*4* reparter plasmid (pAS03G) (21) or in diploid
yeast strains harbering p53-responsive reporier plasmide with a MDM2
promoter or p53 binding sequences derived rom BAX (pKSGTR), 14-3-3¢
{pKSO0YR), p53AIPI (pKS11R), GADD45 (pKS13R), Noxa (pKS1GR). and
p53R2 (pKS17R} as deseribed previously (18).

Screening ts p53 Mulants Using a Yeoat Assoy—The 2,314 yenast
clones expressing the mutant p53 were grown on 25 86-well formoatled
plales conlaining synihetic complete (3C) medin lacking leucine and
tryptophane {SC —Leu ~Trp}in the case of Lthe haploid strains, or SC
media lacking lencine, Wyplophane and histidine {(5C ~Leuw -Top
=I1is} in (he case of Lhe diploid sirains.

Fluorescent Intensity—To evaluale the transaclivily of each mutant
p53 quantitatively, the yeasl clones (haploid cells) were replicated on
SC ~Leu =Trp solid media using a 96-pin replicalor and grown al. 37 or
32 °C for 2 days. The plates were then direcily processed in 8 9G-wel)
formatied Nuorometer (Fluoroskan Ascent FL, Labsysiems) o measure
the Muorescent intensily (excitalion, 485 nm; emission, 538 nm) of
p53-dependent enhanced green fluorescent protein expression through
a human p27"*™.derived p53 binding sequence. The diploid cells,
sclected by mating reaction, were incubated on SC ~Lev —Trp —His
Plates at 37 or 30 °C for 2 days, and the flucrescenl intensity of De-Red
was measured using the same fluorometer (excilation, 544 nn; emis-
sion, 90 nm) 1o evaluate the p53-dependent De-Red expression
through wther p53-Linding sequences. At leasl two independent exper-
iments were performed for each reporter, and Uhe fluorescence intensi-
tivs were averaged. The averaged values were standardized in eacl) p53
binding sequence, clustered, and visualized using the CLUSTER and
TREEVIEW programs. The siandaordized dalo were slso spolted on a
iwo-dimensional graph for 30 and 37 °C. We defined the fullowing
crilerio lo select 18 mutanls from the p53 mutant library, namely
Myy/Waq & 0.7, Myy/Wy, = 0.5, and My /My = 2, where My, and My,

! The obbrevialions used are: Is. lemperalore-sensilive; SC, synihetic
complete; HRP, horseradish peroxidase.
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indicate the Avoerescent indengities of the p53 mutants ot 30 and 37 °C,
respectively, and Wy, and Wy, indicate the lluorescent intensities of the
wild-type pb3 al 30 and 37 °C, respuclively.

Cell Culture and Transfertion—A TP53-deficient human osteosar-
coma cell line, Savs-2, was cullured in RPMI 1640 medium supple-
mented with 10% heat-inaclivaled (56 °C for 30 min) felal calf serum
(JRH Bivscience) in the presence of 5% CO,. For luciferase asways, the
cells were grown Lo 60-90% confluence in 98-well tissve culiure platos al
37 °C and then enMured at 32 or 37 °C for another 24 h. For immunepre-
cipilation, the cells were grown in 80 % 20-man Ussue culture plales at
37 °C in the presence of 5% CO, and further incubaled at 32 or 37 *C for
another 18 h. Tronsienl transfeclions were performed using thie Effectene
(Qiagen) transfeclion reagenl. For lucilerase ossays, the cells were co-
transfected witli 12.5-50 ng of the expression vector (pCR259-pSEWT,
PCR250-p53MT, or & p53-less control pCR2ED veclor) (18) and 50~87.5ng
of the ph3-respensive lucifirnse plasmid {(p21Ps-lue. pMDMPs-luc, pB-
AXPs-lue, pSIGMAPs-luc p53R2Ps-lue, or pSIGADDE5Fs-1uc) (18, 21)
and incubated for a further 24 h, For immuncprecipitation, the eellx
were {ransfecled wilth 2 ug of Lhe expression vector (pCR259-p53WT,
pCR259-pS3MT, or & control pCR259 vector) and further incubated for
36 h.

Luciferase Assuy—Afler 24 h of transfection, luciferin (Steady-Gle
luciferase assay sysiem, Promega), a subsirate of luciferase, was added
to the culiure media and further incubated for 60-120 min sccording to
the manufacturer's instructions. The Nuorescent intensily was meas-
ured using the Fluoreskan Ascenl FL {see above). The relalive fluores-
cent intensily to the wild-type conlrol was calculated from three sets of
independent experiniental data al 32 and 37 °C. The value differences
ol the {wo lemperalures were stalislically evaluated by f tesl. The ts
mulants were deflined when the p value was <0.001,

Immunoprecipitetion and Immuncblotting of p53—Saos-2 cell ly-
sales were prepared in 100 pl of NET buffer (150 mun NaCl, 50 mM
Tris-HC] (pHB.0), 5 maM EDTA, and 1% Nonidet P-40) conlaining 0.1
pgfpt phenylmedhylsulfonyl fluoride. Fifty microliters of the cell Jysates
were immunoprecipilated wilth 10 4 of the PAL1G20 (Ab-5; Oncogene)
or the PAb240 (Ab-3; Oncogene) menoclonal antibody against human
p53. The Jysates, with 8 xl of the ernde lysale, were fractionated by
SDS-polyacrylamide gel electrophoresis and transferred elecirophoreti-
cally {o Optitran BA-5583 membranes (Schleicher & Schuell), and the
expressed pb3 mulants were detecled using a8 HRP-conjugale anti-p53
aniibody (pE3(FL393)HRP, Sonta Cruz Bislechnology). The proteins
were visualized and quantitetively analyzed using an ECL Weslern
blotling deteclion system (Amersham Bioscicnees), a Jumino-image an-
alvzer (LAS1000, Fuji Film} ond ID image analysis soflware (Kodak
Digital Science).

Drawing p53 Peptide Structires—To map the (s p53 mutanis on the
p53 core domain, the NCBI siruciure file, ITUP. was cuslomized for our
purpose and visualized using CndD 4.0 software (22).

RESULTS

Clustering of 2,314 Mutations on Transactivities at T'wo Dis-
tinct Temperatures—An unsupervised, hicrarchical one-dimen-
sional cluster analysis sllowed us to cluster the 2,314 p53
mutants on the basis of similar measwed transactivities for
eight distinct p53 binding sequences (p53 Linding sites) at 30
and 37 °C (Fig. 1A). The mutants are divided into twe major
clusters. In one of these clusters the mutants retain transac-
tivities; in the other they lose activity, and these clusters are
mostly temperaturedindependent. Notably, there is one
temperature-dependent sub-cluster within the latier clusier
(Fig. 1B). The cluster consists of 64 p5S3 mutants, and the
transactivities of the mutanis are inactive on almost all p53
binding sites at 37 *C but active on some pb3 binding sites at
30 *C, indicating that & Jarge number of mutants are Ls for
transactivation in yeast cells.

Isolation of ts p53 Mutents in Yeast—Allhough the cluster
analysis found the typical ts mutants that represent tempera-
ture sensitivity for inost p53 binding sites, there are mutanis
that show temperature sensitivity on limited types of p53 bind-
ing sites and, therefore, are not clustered. To also isolate such
clones, Whe Lransaclivities of the 2,314 mutant cones at 30 ang
37 °2 wore slandardized and overviewed by a scatter plot for
each p53 binding sile (Fig. 2). Among the 18,512 dala poinls
(8 x 2,314 clones), the majority had similar transcriptional
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TALLE ]
Summary of the 61 reported p53 mivtclions
D53 mutant® Experimental syslen® p5aBS o promoten Reference

Sanpaee 1 BaX. CDKN1A, PIG3 27
A119V 1 BAX. CDKN1A, PIG3 27
Y1263 1 BAX, CDKN1A, FIGS 27
Y126D 1 BAX, CDKN14, PIG3 27
K132N 3 CON 28
K132R 3 CON 23
M13ar 1 RGC 24
V135* (mousa p53) 2 CDKN1A 30, 31
A138VrEe 2 BAX. BCL2, CDKN1A, MDM2 a2
Ti40Y 3 CON 28
V143A 1,2 BAX, GADD45A, CCNGI1, CDENI1A, CON, IGFBP2. MDM2, RGC 33-35
P152L*** 1 BAX, CDKN1A, PIG3 27
P152T** 1 BAX, CDKN14A, PIG3 27
G154 V=" 2 GALA 46
Tib51** 1 BAX, CDKNI1A, PIG3 27
M1GQVAIGLT* 1 BAX, CCNG1, CDKN1A, CON, GADDM4SA, IGFBP3. MDMZ, RGC a5
1162F 1 BAX. CDEN1A, PIG3 27
T170R 1 BAX, CDKN1A, PIG3 27
V172F==* 1 RGC 29
R175K* 2 BAX, I'0S, IGFBP3 a7
R175T* 2 BaX, FOS, IGFBP3 37
R175P*=* 2 BAX, FOS, IGFBP3 47
R175¢* 2 BAX, FOS, IGFBP3 37
R1758%** 2 BaX. FOS, IGFBP3 37
R176M* 2 BAX, FOS, IGFBRP3 37
H179Q 2 GAL4 36
E180K 1 BAX, CDEN1A, PIG3, RGC 27, 38
R181G 1 BAX, CDKN1A, PIG3 27
R181H 1 BAX, CDKN1A, PIG3 27
H193R>=* 1 BAX, CCNG1, CDEN1A, CON, GADD45A, IGFEPS, MDM2, RGC 35
V1a7L*** 1,2 BAX, CDKN1A, FOS, TGFA, RGC 39, 40
Y205N**s 1 BAX, CDKNI1A, PIG3 27
H214R** 1 RGC 19
P2LGLe* 1 BAX, CDEN1A, PIG3, RGC 27, 38
Y220 1 BAX, CCNG1, CDEN1A, CON, GADDJ5SA, 1GFBPS, MDM2, RGC 35
Y220 1 BAX, CDKN1A, PIG3 27
E224K 1 BAX, CDKN1A, PIG3 27
D228V i BAX, CDKN1A. PIG3. RGC 27, 48
Y2340+ 1 RGC 19
Y234II4* 1 BAX CDKNIA, FIG3 27
M237Th** 2,3 CON, FOS, RGC o8
N2383 3 CON 28
M246vre 3 CON 28
N247]%* 2.3 CON, GAlL4 28, 36
R248W 3 CON 28
P250Ls* 1 BAX, CDKN1A, PIG3, RGC 27, 88
L2G2[+ss 1 BAX, CDKN1A, PIG3 27
12541%* 1 BAX, CCNG1, CDEN1A, CON, GADD45A, IGFBPS, MDMZ, RGC as
T256A 3 CON 28
D259N 1 BAX, CDKN1A, PIG3, RGC 27, 38
G26GE 1 BAY, CDKNI1A, PIG3 27
V2T2M*xe 1-3 BAX, CDKN1A, CON, GADD45A, MDM2Z, PIG3, RGC 19, 28, 38, 41
R273H 3 CON o8
R273L 1,3 BAX, CDKN1A, CON, TIG3 217, 28
A276G 1 BAX, CDKN1A, PIG3 27
D281Y 3 CON 28
R283]3==* 1 BaX, CDKN1A, PIG3, RGC 38
E285K** 1 RGC 18
E28GGHs= 1 BAX, CDKNIA, PIG3 27
E286K*** 1 BAX, CDKN1A, FIG3 27
286K/287D* 1 BAX, CDKN1A, FIG2 27

* The meaning of the asterisk symbols used in this column is as follows: *, 1s mutants ol construcled in this sludy; **, is mutanis alse isalated
in this study; ***, distinct substitulion(s) al the kame residue were Ls mutanis in this study.

b The meaning of the numbers vsed in this column is o3 fellows: 1, yeast ystem; 2, mammalion cell syslem; 3, cell-free system.

¢ All but three of the gene names used in this column refer to those used in 1lie Online Mendelian Inheritance in Man (CMIM) sile
(www.nebinlm.nib gov/enlrezquery. fegi2db= OMIM). The three exceplions are: CON, pG3-binding consensus sequence; GALA, yeast GALA-
binding sequence; and RGC, human ribosomal gene cluster sequence, The study on the GAL4 was performed by GAL4-binding domain and p53

fusion prelein.

aclivily {either active or inactive) at both 30 and 37 °C, indi-
cating that they were not 1s. Obviously, there were significant
numbers of p53 mutant clones that represented higher trans-
activity at 30 °C than st 37 °C, showing ts mutants for the
transactivation function (eircled spois in Fig. 2). On the other
land, only a limited mnnber of clones representad higher
transaclivity at 37 °C than at 30 °C, showing cold-sensitive

mutants. As there is no clear boundary between Ls snd non-ts
mutants, we defined the borders for convenience as described
under “Experimental Procedures.” According to the definition,
142 p53 mutants were selected as ts for yeast transactivation
assay (Fig. 3A), indicaling that 6,1% (142 of 2,314} of the p53
mulants were 18 for al Jeast ene of the p53 binding sites. The
142 mutants, incuding 131 previously wueported ts ynutants,
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were mapped on 82 residues of p53 (82 of 393; 20.9%) and 131
(92%) were within the core DNA-binding domain (residues
¥7-286).

Mapping of Is p53 Mutants on p53 Core DNA-binding Do-
main—To characterize the isolated ts mutants in the strue-
tural context, we mapped the 131 mutants on Lhe care DNA-
binding domain (Fig. 4, A and B). Among these, 70 mutants
(63.4%) were mapped on the f-strands. The frequency of ts
mutants in the consbruecled mutants differed aneng the 10
B-strands; the frequency was relatively bigher in 84 (14 of 49,
28.0%), 87111 of 34, 32.3%, S8 (16 of 49, 32.7%), and 810 (15
of 61, 24.6%), whereas it was lower in 81 {1 ol 17, 5.9%), 52 {1
of 24, 4.2%), 83 (1 of 33, 3.0%), 85 (2 of 22, 9.1%), 86 (2 of 24,
8.3%), and 58 (7 0f 43, 16.3%.). In particular, residues 158 to 161

(54), 211 to 217 {S7), 251 to 256 (S9), and 268 to 272 (S10) were
Jot areas for ts mutants because there were 10 o more mu.
tants in every four contiguous residues. Three or more ts mu-
tants were observed in residues Thr?®%, Arg?®S, Mel)%, Ala2®
Vall72, His?™, Ser®®, Pro*®, Thr®®, Ty, [1p254, Tl
Ser?®, Glu®™, and Glu?®, and those residues should be desig-
nated ts hot spots.

Amino Acid Substititions of the ts Mutants—Amino acid
residues before and after substitution of the ls mutant are
summarized in Table I1. Isolencine (21.4%), threonine (21.1%.),
and Wyplophane (20%) were the most frequent residues ameng
the original pb3 residues, Glycine (20%), isclencine (18%), ala-
nine {16.6%), leucine (16.2%), and proline {13.2%) were he
most frequent residues ameng the residues afler substitution,
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FiG. 3. Panels of ts p53 mutants. A, the 18 p53 mulanis isolated by yeasl-based funclional sssay. 142 mulants were listed from the NH,

lerminus to the COOH {erminus of p53. Filled boxes represent temperature sensilivity that salisfied the defined criteria {see *Experimental
Procedures®), B, 54 of 142 (s mutanta were examined for s transactivilies in Sansg-2 cells. When, according to ¢ test, the luciferose aclivities at 32
and 37 °C wore statistically different with a p value <0.001 or <0001, the corresponding Loxes in_the panel were colored groy or black,

respectively,

whereas aspartic acid (3.5%) and glulamic acid (0%) were found
less frequently. )

Fualuation of the ts p53 Mutants in Mammalion Cells—To
evaluate whether the isolated p53 mutants in yeast were also
ts for sequence-specific transactivation in mammalian cells, we
randomly chose 54 p53 mutants from the 142 ts mutant p5i3
¢DNA clones (Fig. 3B), and constructed expression vectors for
mammalian cell experiments. Each mutant p53 was expressed
in a p53-deficient bwnan osteosarcona cell line, Sacs-2, and
examined for the sequence-specific transactivation at both 32
and 37 °C by luciferase assay. When the values of the three
independent experiments relative to the wild-type p53 at 32 °C
were significantly (p < 0.001; ¢ test) different from those at
37 °C in at least one of the six promoters (p21%¥AF7, MDM2,
BAX, 14-3-3a, p53R2, and GADD45), the mutant clone was
defined g8 a ls utant in mammalian cells. Among the 54
mutants, 48 {(89%) were ts mutants in at least one of the six
promoters. The results indicaled that most ts mutants isolated
in the yeast assay are also ts mutants in mammalian cells,
suggesting that many of the remaining 88 clones may also be ts
mutants in mammalian cells. Among the 48 clones, 16 were ts
in all 6 promoters, whereas 32 clones were ts in a limited
number of prometers, although many retained weak Ls pheno-
types for other promoters {data not shown).

Epitape Analyses of the p53 Protein Expressed in Suos-2 Cells
Using Conformation-sensitive Antibodies—To examine whether
the s mulanls display ts changes in their epilopes against
conformation-sensitive antibodies, PAb1620 for wild-type-like
conformation and PALZ40 for denatured mutant conformation,
six randomly selected ts mutants, M160R, H193Y, T211A,
P2198, T253], and V274A, were expressed in Sacs-2 cclls at
both 32 and 37 °C. The cell lysates were immunoprecipitated
using the two antibodies, detected by Western blot analysis
using an HRP.conjugated anti-p53 antibody, and quantita-
tively analyzed using a lumino-image analyzer, In the case of
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wild-type p53, the PAD1G20 epitope was exclusive, and only a
trace of the PAb240 epitope was detected (Fig. 54). Similar to
wild-type p53, the PAb1620 epitope was dominant in R273H,
although the PAb240 epitope was also detected. On the other
hand, the PAb240 epitope was dominant, and the PALIG20
epitope was less abundant in R175H. The ratios of the epitope
expressions of PAb1620 to PAb240 are shown in Fig. 5B.
R175H and R273H were not ts because there were no signifi-
cant differences in the ratios between 32 and 37 *C. Among the
ts mutants, P219S and T2531 showed an obvious ts increase in
ratio. The remaining ts mutants showed no change or only a
slight change in ratio.

DISCUSSION

Compuring 142 ts p53 Mutants with the Previously Reported
p53 Mulant—Among the 142 ts mutants, 131 were previously
unreported mutants. In our swvey of previous papers, includ-
ing our own, 61 hwnan ts p53 mutants have been reparted
(Table I}. These obviously include ts mutants notisolated in our
system. We speculate that there are two reasons for the dis-
crepancy. First, Lthey were isolated using experimental systems
different from those in our study, induding a reporter assay for
sequence-specific ransactivation in mannalian cells, similar
yeast assays with different p533 binding sites, an electro-
phoretic mobility shift assay (EMSA} in a cell-firee system, and
monitering changes in struchure-sensitive antibody reactivity.
Therefore, it is possible that there are many polential 1s mu-
tants not iselated by the method adopted in this study. For
example, a known Ls mutant, V143A, did not appear as Ls in the
yeast cells because the ts phenotype may be mediated by ts
interaction with human ASPP2 (p53BP2), & positive modulator
of p53 transactivation (23, 24) Lthat does not exist in yenst cells.
Obviously, there may be mechanisms not directly affecting p63
Linding o DNA. We are now planning Lo sereen such novel s
mutants by using prolein-protein interactions that may modify
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