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Clinical implication of altered expression of Madl protein
in human breast cancer
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Background: Madl protein is known to repress Myc target genes and antagonize Myc function.
We underwent this study to investigate the clinical implication of Madl expression in human
breast cancer. Materials and Methods: We performed immunohistochemical assay for Madl
protein together with Myc in human breast cancer, along with tissues from normal and benign
diseases. The data from protein assay were merged with clinical and biologic parameters of the
patients. Results: Of 66 patients with invasive ductal cancer, Madl expression was detected in
22(33.3%). Intensity and arca of Madl expression significantly decreased in DCIS and invasive
cancers while high levels of Madl expression were persistent in benign breast lesions. Madl
expression was significantly reduced in poorly differentiated tumors(p<0.001). Expression of
Madl was not associated with tumor size, lymph node status, and stage of the disease. We could
not observe any correlation between S-phase and expression status of Myc or Madl. Madl
expression was closely linked to differentiation of the cancer cells and inversely correlated with
Myc expression(p=0.042). In survival analysis, Madl possessed a prognostic significance to
predict recurrence of the disease but not overall survival after CMF chemotherapy. Conclusions:
In human breast cancer cells, expression of Madl seems to be downregulated while expression
of Myc is amplified. Altered expression of Madl may play a role in malignant transformation
of human mammary epithelial cells and represent an aggressive phenotype in human breast
cancer. (Journal of Korean Breast Cancer Society 2000;2:152~161)
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Introduction

Mad or Myc family proteins belong to the basic-
helix-loop-helix-zipper(bHLHZ) class of transcriptio-

nal factor”

. HLHZ region is known to mediate
DNA-binding and protein-protein interaction by for-
mation of heterodimers with Max protcinz). Max
protein is highly stable and expressed at essentially
equivalent levels in resting and proliferating cells.
Max protein preferentially heterodimerizes with Myc
or Mad protein, which self-associate poorly and fail
to bind DNA on their own"”. Both Myc:Max and
Mad:Max hetero-complexes are favored over Max
homodimers, and have similar binding specificity and
apparent stability'“, Myc:Max complexes have trans-
criptional activity while Mad:Max complexes re-
press transcription regulated through the Myc:Max
E-box site"*”. Levels of Myc or Mad in the cell
determine whether the reporter gene is under positive
or negative transcriptional control”.

Differentiation is frequently accompanied by
down-regulation of Myc expression, while expression
of Mad proteins has been closely linked to terminal

differentiation>®,

Myc drives cell proliferation by
stimulation of cyclinfedk(cyclin-dependent  kinase)
complexes activity and inhibits function of edk inhi-
bitors such as pZTKEpI?). Activation of cdks leads to
Rb inactivation by phosphorylation, consequently
leads to cell-cycle progression. Expression levels of
Myc and the various members of the Mad family
generally are inversely correlated in cell culture sys-
tems. Recently, we have reported that Madl ex-
pression inversely correlated with Myc protein ex-
pression in human gastric cancer’. Mad proteins are
known to directly repress Myc target genes and
antagonize Myc function by heterodimerizing with
Max protein competilively&. Consequently, Mad
protein is considered to function as a tumor

suppressor. A survey of Mad protein may provide
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novel information for biology of human breast can-
cer if it works as tumor suppressor.

We underwent this study to investigate the re-
gulatory effect of Madl on cancer progression using
immunohistochemical analysis in human breast can-
cer. Correlation between expression of Myc and
Madl in the same cancerous tissues were also
analyzed, and the changes in expression levels of
Myc and Madl according to degree of differentiation
of the cancer cells along with benign breast disease

were also described.

Materials and Methods

Patient population and statistical methods: Medical
records and archival pathology tissues from 66
primary breast cancer patients who underwent modi-
fied radical mastectomy or partial mastectomy with
axillary dissection at Inje University Sanggye Paik
Hospital between January 1994 and December 1995
were evaluated. Important selection criteria for entry
to the study were feasible freshness of cancer tissues
for flow cytometry analysis and immunohistochemi-
cal assay of Myc and Madl proteins. Mean age of
studied patients was 42 years ranging from 23 to 75
years. Patients with stage I(n=10), stage II(n=34),
stage III(n=14), and stage IV(n=4) included in the
study and there were 4 patients with pure ductal
carcinoma in situ.(DCIS) Postoperative adjuvant
systemic chemotherapy, which was mainly applied to
the patients except those who had DCIS and stage I
disease, included 5-FU,(600 mg/m’) methotrexate,(40
mg/m’) and cyclophosphamide(600 mg{mz) every 3
weeks for 6 cycle. Patients who received anties-
trogen hormonal therapy were excluded from entry
of the study.

In addition to 66 breast cancer tissues, 10 normal
breast tissues and tissues from 24 patients with
benign ductal hyperplasia were analyzed for ex-

pression of Madl protein. Correlation between
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clinical/biologic data of the patients and expression
of Madl and Myc protein was estimated by chi-
square test. Survival of the patients was plotted by
Kaplan-Meier method and statistical analysis was
performed by log-rank test.

Cell Cycle analysis: Flow cytometry analysis was
performed on cell suspensions from breast cancer
tissues obtained by mechanical disaggregation of
tumor materials. After centrifugation, supernatants
were discarded, and the cell pellets were resuspended
in 250 ul of Buffer solution(10mM Citrate, pH 7.5,
20mM NaCl, 20mM MgCI2. After adding 10 pl/ml
of trypsin, trypsin inhibitor and DNase-free RNase,
nuclei were incubated at room temperature for 30
minutes. DNA staining was obtained with 500 pl of
propidium iodide solution(PI; Molecular Probes,
Eugine, OR) in PBS(100 pl/ml PI, 0.1% Triton
X-100, 1% FCS) for 1 hour at 47 in the dark,
followed by flow analysis. The DNA fluorescence
was analyzed using a FACScan(Becton-Dickinson,
Bedford, MA). Data acquisition was performed using
the Cell Fit software(Becton-Dickinson) and data
analysis using the Phoenix Flow System Multicycle
AV software. The results were expressed as the
frequency distribution of DNA cell content; normal
DNA histograms were characterized by a peak
corresponding to the DNA content of GO/G1 diploid
cells. Clonal DNA abnormality(aneuploidy) was
identified by the presence of an accessory peak
generally shifted to the right of the GO/G1 diploid
peak. The percentage of aneuploid cells was defined
as the percentage of cells in the GO/G1 aneuploid
peak with respect to those in the GO/G1 diploid
peak. Diploid tumors were considered as those with
0% aneuploid cells.

Immunohistochemical assay: The paraffin blocks
for breast cancer patients were retrieved and neo-
plastic tissues of these breast cancers were examined
for expression of Myc and Madl proteins using the

avidin-biotin complex(ABC) immunoperoxidase me-

thod. We used commercially available monoclonal
antibody; NCL-cMYC(1:200 dilution) for Myc pro-
tein assay(Novocastra Laboratories Ltd., Newcastle
upon Tyne, UK), anti-Madl antibody(1:500 dilution)
for Madl protein assay(Santa Cruz Biotechnology,
Inc.). Immune staining was performed as described
previous]ygj. Counterstaining with hematoxylin was
done after ABC immune staining and two path-
ologists evaluated immunohistochemical staining se-
parately without information of patients’ outcome
data. Two pathologists reviewed the slides if inter-
pretation of the immunohistochemical analysis was
different. Three separate blocks containing malignant
cells were stained and scored by calculating the
stained cancer cells in percentage. Sections of breast
cancer observed to express homogenous and/or
intense cytoplasmic immunohistochemical staining
for the Myc protein in more than 10% of the
observed field were considered to be positive for
overexpression(Fig. 1A). Immune staining of Madl
protein in more than 10% of nuclei of observed can-
cer cells was regarded as positive expression of
Madl(Fig. 1B, 1C, ID).

Results

Of 66 patients with invasive ductal cancer of the
breast, Myc expression was detected in 44(66.7%)
and expression of Madl was well preserved in 22
patients(33.3%) with breast cancer. Expression rate
of Myc was 75%(3 of 4) while Madl was not ex-
pressed in 4 patients with DCIS. Intense cytoplasmic
staining of Myc was apparent(Fig. 1A) while
immune staining of Madl was limited to the nuclei
of the cells(Fig. 1B, 1C, 1D). Expression of Myc
was prominent in cancerous tissues and growing
cells, whereas Madl expression located mainly in
non-proliferating cells.

Results of immunohistochemical assay for Madl

and Myc protein were merged with clinical and
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Fig. 1. Immunohistochemical staining of Myc and Madl protein. A, intense cytoplasmic staining
of Myc in cancer cells and growing cells(x400). B, Homogenous imunohistochemical reaction of
Madl is visible in cells of benign ductal hyperplasia(x400). C, positive immune staining of Madl
is heterogeous in ductal carcinoma in situ(x400). D, Madl immune staining in infiltrating ductal
cancer(x400). Intensity and proportion of positive immunoreactivity of Madl markedly decreased
in ductal carcinoma in situ and invasive cancers compared with benign ductal hyperplasia.

biological parameters of the patients. A significant
correlation was observed between Myc expression
and ER expression of cancer cells(Table 1). Myc
expression increased significantly in ER positive
mom(p=0.036}. When we analyzed the pattern of
Myc expression according to cellular differentiation,
expression rate of Myc increased significantly in the
poorly differentiated tumors(p=0.018). There was no
significant correlation between expression of Myc
and tumor size, lymph node metastasis, and stage of
the disease(Table 1).

Madl expression correlated with histologic and
nuclear grade of the tumors and expression of Madl
was significantly reduced in poorly differentiated
tumors(p<0.001). Nuclear grade I tumors expressed
Madl in 62.5%(10 of 16) while Madl was expressed
in only 4% of nuclear grade III tumors(l of 23).

Expression of Madl increased significantly in
premenopausal women(Table 1). Expression of Madl
was not associated with size of the tumors, lymph
node status, and stage of the disease. An interesting
finding of present study was that we could not
observe any correlation between S-phase and
expression status of Myc or Madl. .

In normal breast tissues, Madl expression was
apparent and diffuse in entire observed fields and
expression of Madl was well preserved in cells of
benign breast disease(Fig. 1B). However, intensity
and area of Madl expression significantly decreased
in DCIS components of invasive cancer and invasive
cancers(Fig. 1C, 1D). We summarized the change of
Madl expression according to progress of the
disease in Table 2. Expression of Myc was analyzed
according to the expression of Madl in the same
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Table 1. Correlation between clinicopathologic data and expression of Myc and Madl

Myc expression Madl expression p-value
p-value
Variables <10% >10% <10% >10% (%)
Tumorsize(cm) NS* NS
<2 6(33.3) 12(66.7) 10(55.6) 8(44.4)
2-5 10(50.0) 10(50.0) 14(70.0) 6(30.0)
>5 6(21.4) 22(78.6) 20(71.4) 8(28.6)
L/N metastasis NS NS
negative 9(28.1) 23(71.9) 18(56.3) 14(43.7)
positive 13(38.2) 21(61.8) 26(76.5) 8(23.5)
Stage NS NS
I 3(30.0) 7(70.0) 4(40.0) 6(60.0)
II 13(38.2) 21(61.8) 22(64.7) 12(35.3)
111 5(35.7) 9(64.3) 11(78.6) 3(21.4)
v o .0 4(100) 3(75.0) 1(25.0)
ER status 0.036" NS
Negative 14(46.7) 16(53.3) 17(56.7) 13(43.3)
positive 8(22.2) 28(77.8) 27(75.0) 9(25.0)
PR status NS NS
negative 7(35.0) 13(65.0) 11(55.0) 9(45.0)
positive 15(32.6) 31(67.4) 33(71.7) 13(28.3)
Nuclear grade 0.018" < 0.001°
I 5(20.0) 20(80.0) 24(96.0) 1( 4.0)
II 8(32.0) 17(68.0) 14(56.0) 11(44.0)
I11 9(56.3) 7(43.8) 6(37.5) 10(62.5)
Ploidy NS NS
Diploid 11(34.4) 21(65.6) 21(65.6) 11(34.4)
Aneuploid 10(34.5) 19(65.5) 18(62.1) 11(37.9)
S-phase NS NS
<10% 9(34.6) 17(65.4) 18(69.2) 8(30.8)
>10% 13(32.5) 27(67.5) 26(65.0) 14(35.0)
Menopausal status NS 0.045
Pre 14(32.6) 29(67.4) 25(58.1) 18(41.9)
Post 8(34.8) 15(65.2) 19(82.6) 4(17.4)

*NS: not significant
‘Chi-square test
hSpe,a\rman correlation test

tumor tissues. The result demonstrated that
expression of Myc was significantly reduced in the
tumors presenting high levels of Madl expression
while expression rate of Myc significantly increased

in the tumors which did not express Madl(Fig. 2).

We could observe inverse correlation between ex-
pression of Myc and Madl in human breast
cancers(p=0.042).

In survival analysis of 58 patients excluding 4

patients with DCIS and another 4 patients with stage
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Change of Myc expression according to Mad1 expression
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Fig. 2. Change of Myc expression according to Madl expression status. Expression of
Myc was significantly reduced in the tumors presenting high levels of Madl expression
while expression rate of Myc significantly increased in the tumors which did not

express Madl(p=0.042)

Disease free survival according to expression of Madl

Mad! expression (+)

me»im )

——

i

Cumulative Survival

P=0032

£ = r) =

maoath

Overall survival according to Mad1 expression

Mad] expression (+)

Mad| expression {-)

P=0.224

Cumulative Survival

Fig. 3. Cumulative survival of the patients with invasive breast cancer according to Madl expression. A, Patients
who exhibited reduced expression of Madl shows poorer disease free survival than other patients(p=0.032 by
log-rank test). B, Overall survival of the patients was not different according to expression status of Madl

IV disease, 16 patients(27.6%) had recurrent discase
and 12 patients(20.7%) died of recurrent disease. Of
16 patients who had recurrent disease, twelve
patients(75%) showed reduced expression of Madl
protein and 10 patients(62.5%) showed high expre-

ssion level of Myc protein. Reduced expression of
Madl was statistically significant to predict re
currence of the disease but not patient survival with
median follow-up period of 32 months, ranging 26-
48 months(Fig. 3).
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Table 2. Change of Madl expression according to progression of breast disease.

normal BDH DCIS IDC
Madl expression
9/10 18/24 0/4 22/66
(90.0%) (75.0%) 0 %) (33.3%)

BDH: benign ductal hyperplasia
DCIS: ductal carcinoma in situ
IDC: invasive ductal cancer

® Expression rate of Madl protein decreased significantly in DCIS and IDC comparing with

benign breast disease.

Discussion

In the results of present study, expression of
Madl was reduced in a significant proportion of
early stage breast cancer cells and the finding was
persistent through the progress of breast cancer. To
the contrary, expression of Madl was well preserved
in normal breast epithelial cells and cells of benign
ductal hyperplasia(Table 2). Consequently, loss of
Madl expression may play a role in malignant trans-
formation of human mammary epithelial cells. In
normal epidermis and colonic mucosa Myc ex-
pression is restricted (o proliferating cell layers,
while Madl expression is restricted to differentiating
cell layers. Madl induction occurs only in those
cells that retain a differentiation response and
increasing malignancy correlates with loss of both
Madl and capability to differentiate”.

Myc and Mad expression are tightly coupled to
the transition from proliferation to differentiation of
epithelial cells and it seems likely that restriction of
Mad expression may be associated with loss of
normal differentiation capability and with carcino-
genesis. In the results of numerous in vitro studies,
differentiation is frequently accompanied by down-
regulation of Myc expression and a shift from Myc:-
Max complexes to Mad:Max complexes has been

detected as a rather early response to the induction

i g 2,6,10-1
of differentiation in cell culture system SAtel

Result of the present study is similar to those

: . 261013
from aforementioned studies )

in that Myc ex-
pression was high in poorly differentiated cancer
cells while Madl was expressed at high levels in
differentiated cancer cells. Madl expression correlat-
ed with nuclear grade of the tumors and was
significantly reduced in high grade tumors(p<0.001).
Furthermore, we could observe inverse correlation
between expression of Myc and Madl in human
breast cancers. The result demonstrated that ex-
pression of Myc was significantly reduced in the
tumors expressing high levels of Madl while
expression rate of Myc significantly increased in the
tumors which did not express Madl(Fig. 2). We
have already reported a similar findings in primary

). Expression of Myc was apparent

gastric cancer®
whereas expression of Madl was significantly re-
duced in cells of DCIS. This finding was also
observed in DCIS components of studied invasive
cancer tissues. In human breast cancer cells, ex-
pression of Madl seems to be downregulated while
expression of Myc increased. Consequently, Myc and
Madl seem to be closely linked to cellular differen-
tiation and carcinogenesis in human breasi epiihelial
cells as well as in cultured cell systems. If Madl is
capable of antagonizing the biological effects of
Myc, which is involved in malignant transformation

of numerous human cancers, Madl could function as
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a tumor supprcssorm. However, we could not define
a role of Madl as tumor suppressor in breast cancer
at this point because there was no significant
correlation between expression of Madl and extent
of the disease in the results of current study. Madl
expression was well preserved in a significant
proportion of early stage breast cancer cells and was
persistent through the progress of breast cancer.

An interesting finding of present study is that we
could not observe any correlation between S-phase
and expression status of Myc or Madl. The hetero-
complex switch from Myc:Max to Mad:Max is
responsible for a switch in the transcriptional acti-
vities of a subset of genes involved in the proli-

e Incorporation of Madl into

feration program
heterocomplex with Max may serve to down-regulate
genes activated by Myc:Max complexes and permit
cells to arrest growth in preparation for differentia-

16,17)

tion " ". Myc expression is highest in proliferating

cells and increased Myc expression is associated

with the proliferative phases of developmentm'm},

Reduction of Myc level lengthens Gl phasej'”'m,
while ectopic expression of Myc shortens G1 phase

2223)

in cell culture systems Initial burst of Myc

expression is likely to be a critical event for cell-

24,25)

cycle entry” ™. Inhibition of Myc expression blocks
cell cycle progression and leads to GI arrest in
serum-depriven fibroblast™”. Myc expression is often
down-regulated in conjunction with differentiation
and Myc expression can block differentiation in
some cell type’®. Myc is thought to play a central
role in normal growth and development, as well as
in cellular transformation and carcinogenesis. If the
Madl functions as a repressor of transcriptional
signal induced by Myc, cell proliferation may be
closely linked to expression of Madl. However, we
could not find any relationship between expression
of Myc or Madl and S-phase while Madl ex-
pression was closely related with proliferative index

of tumor cells in primary gastric cancer”. The

findings may be explained by heterogeneity of
human cancer, and expression of Mad family pro-
teins may be tissue type specific. Human cancers are
composed of a number of different clones and there
were 11 breast cancers which did not express neither
Myc nor Madl in the result of present study. Ano-
ther possible explanation is heterogeneity of intra-

1t seems likely that

tumor proliferative activity
biologic behavior of cancer cells in vivo is quite
complex comparing with isolated environment using
cultured cells.

One of remarkable findings of present study is
that Myc expression significantly increased in ER
positive tumors. It has been well characterized that
Myc transcription is regulated by estrogen in breast
tissues. Induction of Myc requires DNA binding
region of the ER, and P2 promoter region of Myc
gene contains an estrogen reactive element(ERE) half
site and CG-rich Spl binding site. Spl binding site
is known to cooperate to induce lranscriptionm.
Several studies have indicated that growth inhibition
of ER positive breast cancer cells by antiestrogens is
also accompanied by a decrease in Myc expression,
both in vivo™ and in vitro™*®. The results suggest
that biologic modification to reduce the expression
of Myc could potentiate the effect of antiestrogen
therapy in breast cancer patients. Furthermore, in the
result of current study, there was a tendency that
expression of Madl is repressed in ER positive
tumors and Madl expression decreased in postmeno-
pausal women. Expression of Madl and Myc in
breast cancer might be under the regulation of
estrogen. The results suggest that biologic modifi-
cation incorporating with Madl to reduce the ex-
pression of Myc could enhance the effect of
antiestrogen therapy in breast cancer patients.

In survival analysis, reduced expression of Madl
protein was significant to predict recurrence of the
disease but not patient survival. The reason seems to

be a relatively small population of studied patients
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and relatively short period of patient follow-up.
However, expression of Madl was inversely correlat-
ed with Myc expression in human breast cancer and
is closely linked to cellular differentiation. Loss of
Madl expression may have a role in carcinogenesis
of human breast since expression of Madl was
significantly lower in breast cancer than in normal
and benign breast disease. Furthermore, patients with
reduced expression of Madl protein had increased
risk for recurrence of breast cancer after CMF
chemotherapy, thus reduced expression of Madl may
represents an aggressive phenotype in breast cancer.
However, we can not postulate the clinical utility of
Madl precisely in breast cancer at this point.
Additional study to characterize the biologic impli-
cation of change in expression levels of Madl along
with Myc or other proliferation markers may provide
new therapeutic targets in the management of breast

cancer patients.
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