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Securin regulates sister chromatid separation during mitosis, induces bFGF-mediated angiogenesis, and
securin overexpression causes in vitro transformation and in vivo tumor formation in nude mice. As estrogen
administration to oophorectomized rats increased pituitary securin expression, we used immunohistochem-
istry to examine securin and estrogen receptor alpha (ER-a) expression in 90 breast tumors and 18 normal
breast tissues. Breast tumor securin and ER-a expression were quantitated by image analysis and expressed as
fold difference relative to securin expression in normal breast tissue. Low cytoplasmic securin expression was
seen in the normal breast epithelium, whereas abundant cytoplasmic and nuclear securin expression was
demonstrated in all 90 breast tumors. Highest securin expression was seen in brain metastatic breast tumors
(4.3-fold, Po0.01), cells derived from metastatic breast cancers (6.5-fold, Po0.001), and in invasive ductal
carcinoma (mean7s.e.: 3.8-fold, Po0.001). Highly pleomorphic (4.1-fold) or highly proliferative breast tumors
(1.6-fold) exhibited high immunohistochemical securin expression compared to low-grade breast tumors
(Po0.05). Northern blot analysis in 12 of the breast tumors confirmed the immunohistochemical findings
demonstrating increased securinmRNA expression compared to normal breast mucosa (2.5-fold, P¼ 0.03), with
highest securin evident in invasive (3.5-fold) vs noninvasive tumors (1.9-fold, P¼ 0.03). In addition, some
tumors that exhibited high securin expression also expressed high ER-a levels (Po0.0001). These results
demonstrate that the estrogen-induced transforming gene, securin is abundantly expressed in breast
carcinoma, and is associated with the presence of metastatic spread, and lymph node invasion. We propose
immunohistochemical tumor securin expression as a potential invasive marker, and novel therapeutic target in
breast cancer.
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Breast cancer, is the second highest cause of cancer
death among women.1,2 The National Surgical
adjuvant breast and bowel projects breast cancer
prevention trial (P-I)3 and others4 have demon-
strated the effectiveness of antiestrogens in reducing
the risk of estrogen receptor (ER)–positive breast
cancer. However, despite these advances, identify-
ing patients with aggressive disease at onset who
may benefit from adjuvant therapies remains a
challenge. Although histopathological parameters
such as lymph node or vascular invasion, estrogen
receptor,5 progesterone receptor and Her-2/neu6

expression are helpful, additional breast tumor
markers that provide prognostic insights are needed.

Pituitary tumor-derived transforming gene (PTTG)
was identified by differential display from a rat
pituitary tumor. PTTG is a securin protein, which
regulates chromatid separation during mitosis.7

Securin overexpression leads to aneuploidy,8,9

causes in vitro transformation, and tumor formation
in vivo, regulates bFGF secretion and induces
angiogenesis.10,11 Securin is expressed at low levels
in normal tissues, but is abundantly expressed in
human pituitary,12 thyroid13 and colorectal tumors,14

where highest securin mRNA expression was ob-
served in invasive and metastatic cancers.

In addition, estrogen administration to oopho-
rectomized rats led to the development of large
prolactin-secreting pituitary tumors in association
with elevated serum prolactin levels and a B3-fold
increase in pituitary securin mRNA expression.15 As
pituitary and breast cellular proliferation are both
hormone dependent, we examined securin expres-
sion in 90 breast tumors and 18 normal breast
tissues.
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Materials and methods

Human Subjects and Tissues

In accordance with institutional review board hu-
man subjects research guidelines, tissue microarray
(TMA) slides containing 0.6mm cores from 82
individual breast tissue specimens (seven DCIS, 14
invasive lobular carcinomas, 55 invasive ductal
carcinomas, six metastatic breast cancer cell lines
(MDA-MB-453, MDA-MB-231, T-47D, BT-474, MCF-
7, SK-BR-3) were provided from the University of
California, San Francisco-Specialized Program of
Research Excellence (UCSF-SPORE). An additional
eight brain metastatic breast cancers and 18 normal
breast tissues were obtained following surgical
resection and reduction mammoplasty, respectively.
Tumor grade, degree of nuclear pleomorphism and
mitotic activity were also available for the breast
tumors. Mitotic activity was determined by counting
mitosis in 10 high-power fields and graded 1–3 as
follows: up to seven mitosis, grade 1; 8–14 mitosis,
grade 2; Z15 mitosis, grade 3. Nuclear pleomorph-
ism was graded using a modified Scarff–Bloome–
Richardson system, presence of small uniform cells,
grade 1; moderate increase in nuclear size and
variation, grade 2; marked variation in nuclear size
and/or shape, grade 3.

Immunohistochemistry

Breast tumor tissue sections (5 mm) were deparaffi-
nized, rehydrated, washed in PBS for 5min and
antigens retrieved in 0.01M sodium citrate buffer
(pH 6). Sections were then incubated overnight with
rabbit polyclonal anti-PTTG/Securin (Zymed, San
Francisco, CA, USA) (1:200 dilution) or anti-ER-a
(Dako Corporation, Carpinteria, CA, USA) (1:100
dilution) antibodies, washed in PBS, and incubated
with a secondary biotinylated goat anti-rabbit anti-
body (1:200 dilution). Slides were next incubated
with ABC (Vector, Burlingame, CA, USA) (1:100
dilution), washed and overlaid with DAB substrate
(Biogenex, San Ramon, CA, USA) prior to color
development and analysis.

Immunohistochemical securin and ER-a expres-
sion were quantitated using ImagePro Plus quanti-
tative analysis software (Media Cybernetics, Silver
Spring, MD, USA). Briefly, the intensity of securin
and ER-a expression was quantified by selecting the
colored field (brown) and computing the integrated
optical density in arbitrary units. Breast tumor
securin immunoreactivity was then expressed as
fold-increase relative to the mean epithelial cell
securin expression in the 18 normal breast tissues.

Northern Blot Analysis

Total RNA was extracted from a subset of 12
randomly selected excised breast tissues with

TRIzol (Invitrogen, Carlsbad, CA, USA). RNA de-
rived from JEG-3 choriocarcinoma cells served as a
positive control for securin expression. Electrophor-
esed RNA was transferred to Hybond-N nylon
membranes (Amersham International, Buckingham-
shire, UK), and hybridized at 681C with human
securin cDNA as previously described.13 Securin
mRNA expression was quantitated by scanning
densitometer (Alpha Innotech Corporation, San
Leandro, CA, USA), normalized to b-actin expres-
sion and expressed as fold-increase relative to either
matched normal mucosa from the same individual
(eight breast cases), or the mean securin/actin ratio
measured in normal breast tissues (n¼ 13).

Western Blot Analysis

Protein lysates were prepared from the same subset
(used for Northern blot analysis) of breast tissues
using RIPA buffer,15 soluble proteins (50 mg) sepa-
rated by SDS-PAGE electrophoresis, transferred to
PVDF membranes (Amersham), and incubated with
antibodies to securin (1:5000), and b-actin (1:2500;
Sigma). Blots were then washed and incubated with
appropriate horse radish peroxidase- conjugated
secondary antibodies. Complexes were then visua-
lized by ECL chemiluminescence detection.

Statistical Analysis

Results are expressed as the mean7s.e. Statistical
analysis was performed using ANOVA with Bonfer-
roni’s multiple comparison t-test, the unpaired t-test
or Spearman’s rank correlation. Po0.05 was con-
sidered significant.

Results

Securin is Overexpressed in Breast Tumors

In 18 normal breast tissues, securin expression was
localized predominantly in the cytoplasm of breast
ductal epithelial cells (Figure 1a). In marked con-
trast, abundant securin expression (mean7s.e. fold-
increase; 3.570.2, Po0.0001) was observed in all 90
breast tumors (Figure 1b) compared to normal breast
tissues and was distributed throughout the cyto-
plasm and in large, nuclei (Figure 1c). The hetero-
geneity of securin expression within the breast
tumor (depicted in Figure 1) may be due to different
tumor cell proliferative rates. Previous studies
examining single cell mitosis have shown that
securin is expressed in a cell-cycle-specific manner
during which securin expression peaks at anaphase
and then is degraded by ubiquitination.16 High
securin expression was seen in invasive breast
ductal carcinomas (mean7s.e. fold-increase; 3.87
0.3, Po0.001), in brain metastatic breast tumors
(4.370.7, Po0.01), with highest levels in cells
derived from metastatic breast cancer (6.571.3,
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Po0.001) (Figure 1d) as compared to normal breast
tissues. Although higher securin expression was
seen in DCIS (n¼ 7, 2.370.4, P¼NS), and invasive

lobular breast cancer (n¼ 14, 1.970.3, P¼NS), in
comparison to normal breast tissues, these differ-
ences did not attain statistical significance. These
findings demonstrate that securin is an important
marker of breast ductal cancer invasion.

In a subset of randomly selected representative
breast tumors for which sufficient tissue was
available, Northern blot analysis was used to
compare securin mRNA expression in breast tumors
(ductal carcinoma in situ, n¼ 2, invasive ductal
carcinoma, n¼ 10) with securin levels in normal
breast tissues (n¼ 6), derived from the same in-
dividual. In support of our immunohistochemical
findings, securin mRNA expression was increased
in all 12 breast carcinomas examined (mean7s.e.
fold-increase; 2.570.3) as compared to normal
breast tissues (0.270.06, Po0.01) (Figure 2a).
Furthermore, highest securin mRNA expression
was observed in the three of these 12 breast tumors
which exhibited evidence of lymph node invasion
(mean7s.e. fold-increase; lymph node positive
3.570.45 vs lymph node negative 1.970.34,
P¼ 0.03) as compared to tumors confined to the
breast (Figure 2b). Western blot analysis of protein
lysates derived from these same tumors supported
the Northern blot findings, demonstrating high
securin expression in breast tumors (Figure 2c)
compared to expression in adjacent normal breast
tissue. Securin overexpression correlates with mito-
tic index, degree of nuclear pleomorphism and ER-a
expression.

As more invasive breast tumors exhibited the most
intense securin immunostaining (Figure 1c), we
next compared the intensity of breast tumor securin
expression with breast tumor mitotic rates and their
degree of nuclear pleomorphism. The mitotic rates
and degree of nuclear pleomorphism of the breast
tumors were independently determined (detailed in
methods) by a pathologist (FW, UCSF-SPORE) with-
out prior knowledge of breast tumor securin expres-
sion. Highest securin expression was seen in the
breast tumors which exhibited highest mitotic
activity (mean7s.e. fold-increase; grade 3; 1.67
0.3, Po0.05) (Figure 3a) compared to grade 1 breast
tumors, supporting the finding that securin is a
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d Figure 1 Securin is abundantly expressed in breast cancer.
Representative immunohistochemical securin expression in
normal breast tissue demonstrated low level securin immuno-
reactivity in the cytoplasm of ductal epithelial cells
(a) (magnification¼ �100). In contrast, abundant securin was
seen in the breast cancers (b) (magnification¼ � 100), (c)
(magnification¼ �400) and was evident in both the cytoplasm
and nucleus. Quantiative analysis of securin demonstrated higher
securin levels in invasive breast cancers (n¼90) (d). Normal
breast tissue (n¼ 18), DCIS (n¼7), invasive lobular carcinoma
(n¼ 14), invasive ductal carcinoma (n¼55), metastatic breast
cancer cell lines (n¼6). Immunohistochemical securin expres-
sion was quantified and expressed relative to mean epithelial
securin expression in 18 normal breast tissues (details in
Materials and methods) (*Po0.01; **Po0.001).
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marker of breast tumor proliferation. Further-
more, highest securin expression was observed in
breast tumors with the highest degree of nuclear
pleomorphism (mean7s.e. fold-increase; grade 3;
4.171.3, Po0.05) (Figure 3b) compared to grade 1
pleomorphic tumors. Given our previous studies
demonstrating estrogen-mediated pituitary securing
induction15 we also examined ER-a expression in
the breast tumors. In all, 71 of 90 tumors exhibited
immunohistochemical ER-a expression, and in most
of these tumors concordant high securin and ER-a
expression levels were observed (Figure 3c).

Discussion

An estimated 192 200 women were diagnosed with
invasive breast cancer in 2001, and it remains the
second most common cause of cancer death in
industrialized nations.1 However, despite these
statistics, it has become increasingly clear that
adjuvant therapy improves survival in all subgroups
of women with invasive breast cancer.17–19 A con-
siderable challenge that remains is to identify those
women who will best benefit from often intensive
chemotherapeutic regimens, as absolute benefit
varies depending on tumor stage and other prog-
nostic features.20

The premise that rapidly proliferating tumors are
more dangerous than slowly dividing tumors is
difficult to challenge, but the measurement of DNA
content and/or S-phase fraction cannot always make
this prediction. The use of proliferative markers
such as Ki-67 can determine the proportion of
actively dividing cells in a given tumor, but a
potential disadvantage of Ki-67 is that it is expressed
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Figure 3 Graphic representation of breast tumor securin expres-
sion which correlated with mitotic index (n¼87) (a), and degree
of nuclear pleomorphism (n¼87) (b) (***Po0.05). A correlation
between immunohistochemical ER and securin expression was
seen in some breast tumors (Spearman’s r¼ 0.54; Po0.0001) (c).

Figure 2 Representative Northern (a) blot analysis of normal (N)
and tumor (T) tissue depicting expression of securin mRNA.
Quantitative securin mRNA expression (b) in the breast tumors
which exhibited lymph node invasion as compared to noninva-
sive breast tumors (*P¼0.03). Western blot analysis confirmed
elevated tumor securin levels (c). Statistical analysis by ANOVA.
b-actin served as RNA and protein loading controls. JEG-3 and rat
testis served as positive securin controls. M¼RNA or protein size
marker.
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in G1, G2 and M-phases of the cell cycle, as well as
those cells in S phase.21,22

The securin protein is expressed in a cell-cycle-
dependent manner. Following cytoplasmic to
nuclear translocation, it peaks in G2/M-phase16

and thereafter is rapidly degraded by ubiquitina-
tion.23 We demonstrate here that securin is abun-
dantly expressed in breast carcinoma compared to
normal breast tissue, and highest securin expression
was detected in breast tumors with the highest
mitotic rates and highest degree of nuclear pleo-
morphism. Although we have not correlated securin
expression with Ki-67 levels in these breast tumors
our previous studies demonstrated that securin
overexpression leads to increased proliferative rates,
and mitogens such as estrogen and bFGF increased
pituitary, thyroid and breast tumor securin
levels.13,15,24 We propose that our observed increased
securin is a marker of breast tumor proliferative
capacity and may aid in detection of cancers that
are more likely to follow an aggressive clinical
course, and the identification of patients that
are more likely to benefit from adjuvant therapies.
As securin overexpression disrupts normal
sister chromatid separation leading to aneuploidy,
an alternate explanation for increased securin
expression in the breast tumors may be due to
aneuploidy.

Ductal carcinoma in situ is confined to the breast
ducts, is considered premalignant, and over time
may progress to invasive breast ductal carcinoma.25

Our study did not include a sufficient number of
DCIS cases to perform subgroup analysis and
whether securin expression in DCIS may help
predict likelihood of subsequent invasion is unclear.
Invasive lobular carcinoma accounts for B5–10% of
breast cancers. Interestingly, comparatively lower
levels of securin were demonstrated in the invasive
lobular carcinomas examined. This result may in
part be explained by the histology of lobular
carcinoma, which is characterized by abundant
fibrous tissue, that is diffusely infiltrated by uni-
form, small round cells, which typically exhibit
lower mitotic activities than invasive ductal carci-
nomas, and the lower securin expression that we
observed, may simply reflect lower tumor prolifera-
tive rates.26–28 A further explanation for the com-
paratively lower securin expression seen in lobular
carcinomas compared to ductal carcinomas was that
two-thirds of the lobular carcinomas exhibited a low
degree of nuclear pleomorphism and only one tumor
was markedly pleomorphic.

A variety of factors contribute to tumor invasion
including angiogenesis,29 and we have previously
demonstrated that securin overexpression in NIH
3T3 cells leads to increased bFGF secretion and
angiogenesis,9 and our previous studies in colorectal
cancers demonstrated that highly vascular tumors
exhibited high securin expression.14 In addition
to its actions on cell-cycle regulation, securin-
mediated angiogenesis may provide a further me-

chanism whereby securin abundance contributes to
an invasive breast tumor phenotype.

We have demonstrated that high ER-a expression
correlates with high securin expression in some
breast tumors but clearly some tumors with low ER
expression also exhibited high securin levels, and
the correlation between ER-a and securin expres-
sion was not observed in all tumors. Our previous
studies have demonstrated that estrogen induces
pituitary securin expression, but as securin is a
marker of cell proliferation, other growth factors
may induce breast cancer growth and coincident
securin expression.

Securin overexpression in vitro results in aneu-
ploidy that most agree contributes to the malignant
phenotype.30,31 Aneuploidy results from many di-
verse molecular mechanisms, including dysregula-
tion of sister chromatid separation during mitosis.32

Recently increased MAD2, and securin levels in
association with aneuploidy were observed in p53
null mammary cells following hormone stimulation,
providing insight into mechanisms by which hor-
mones such as estrogens may contribute to chromo-
somal mis-segregation in breast tumors.33 These
studies identify these key mitotic proteins as
potential novel cancer therapeutic targets. Further-
more, expression of the C-terminal region of securin
in pituitary tumors abrogates in vitro colony forma-
tion in soft agar and in vivo tumor formation
underpinning the important proliferative role
played by securin.34

In conclusion, we demonstrate abundant securin
expression by immunohistochemistry and Northern
blot analysis in a large series of breast tumors
compared to normal breast tissues. Highest securin
expression was seen in invasive breast cancer and
correlated with mitotic rates, and degree of nuclear
pleomorphism. This study confirms and extends our
own work and that of others on the utility of securin
as a marker of lymph node invasion and metastasis
in solid tumors.12–14,35

This is the first study describing the immuno-
histochemical analysis of securin expression in a
large series of tumors and confirming its use as
a technique that could potentially be employed in
the clinical setting. Securin represents a potential
novel marker of breast cancer proliferation and
analysis of breast cancer securin expression may
provide important prognostic insights and portend
response to treatment in breast cancer. Furthermore,
given its abundance in all breast tumors examined
and its key role in breast cancer cell division,
securin may represent a novel subcellular therapeu-
tic target in breast cancer.
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