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The Pit-1 transcription factor (also know as POU1F1) plays a critical role in cell differentiation during organo-
genesis of the anterior pituitary in mammals and is a transcriptional activator for pituitary gene transcription.
Increased expression of Pit-1 has been reported in human tumorigenic breast cells. Here, we found that Pit-1
overexpression or knockdown in human breast cancer cell lines induced profound phenotypic changes in the
expression of proteins involved in cell proliferation, apoptosis, and invasion. Some of these protumorigenic
effects of Pit-1 were mediated by upregulation of Snail, an inductor of the epithelial-mesenchymal transition.
In immunodeficient mice, Pit-1 overexpression induced tumoral growth and promoted metastasis in lung.
In patients with invasive ductal carcinoma of the breast and node-positive tumor, high expression of Pit-1
was significantly correlated with Snail positivity. Notably, in these patients elevated expression of Pit-1 was
significantly and independently associated with the occurrence of distant metastasis. These findings suggest
that Pit-1 could help to make a more accurate prognosis in patients with node-positive breast cancer and may

represent anew therapeutic target.

Introduction

Significant clinical consequences from cancer result from the
development of metastatic disease. The metastasis of breast cancer
is often a multistep event, comprising invasion of mammary car-
cinoma cells into the adjacent tissues, entry of tumor cells in the
systemic circulation, extravasation to distant organs, and finally
metastatic colonization, mainly to bones, lungs, and central ner-
vous system (1). To develop metastasis, epithelial mammary cells
need to break their intercellular adhesion complexes (i.e., adherent,
tight, and gap junctions and desmosomes), as well as their base-
ment membrane that separates the epithelium from other tissues,
and acquire motility to invade adjacent tissues. One of the main
processes involved in the change from immobile epithelial cells to
mobile mesenchymal cells is the epithelial-mesenchymal transition
(EMT). EMT is a crucial process that occurs during physiological
embryonic development, when epithelial cells acquire a motile mor-
phology appropriate for migration and formation of numerous
organs and tissues (2). Mesenchymal cells may again acquire a fully
differentiated epithelial phenotype via a mesenchymal-to-epithelial
transition (MET). In addition to the physiological role of EMT/
MET, it is now known that EMT is a mechanism for carcinoma pro-
gression, inducing mammary neoplastic epithelial cells to acquire
mesenchymal malignant traits, such as motility, invasiveness, and
resistance to apoptosis, thereby contributing to the formation of
metastasis (3). Acting as physiological regulators of EMT during
the embryonic development, several transcription factors, includ-
ing Twist, Snail, Slug, Goosecoid, FOXC2, or SIX-1, have also been
shown to be also involved in the metastatic process (4-8). In addi-
tion, a recent study by Mani et al. (9) demonstrated that the induc-
tion of EMT either by Twist or Snail in human mammary epithe-
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lial cells results in the acquisition of both mesenchymal and stem
cell traits. These authors also found that stem-like cells isolated
from human mammary glands had markedly increased expression
of EMT markers, including Twist and Snail, suggesting a strong
relation between the EMT process and stem-like cells.

POU class 1 homeobox 1 (Pit-1, also known as POU1F1/GHF-1)
belongs to the Pit-Oct-Unc (POU) family of transcription factors
that play a key role in inhibition and promotion of cell prolifera-
tion and determination of cell lineages as well as in regulation of
cell migration, survival, and terminal differentiation (10). Pit-1 is
critical for cell differentiation during organogenesis of the anterior
pituitary gland in mammals (11) and as a transcriptional activa-
tor for pituitary gene transcription (i.e., transcription of prolactin
[PRL], growth hormone [GH], and Pit-1 itself) (12-14). Mice with
inactivating mutations or deletions of the Pit gene fail to gener-
ate somatotropes, lactotropes, and thyrotropes and consequently
exhibit anterior pituitary hypoplasia and dwarfism (15), demon-
strating the importance of Pit-1 in the ontogeny of the pituitary
gland. However, Pit-1 is also expressed in nonpituitary cell lines
and tissues, such as human placenta, hemapoietic lymphoid tis-
sues, and human breast (16-20). In these extrapituitary tissues it
has been suggested that Pit-1 could also be related to cell prolifera-
tion and tumorigenesis (21, 22). Specifically in breast, Pit-1 pres-
ents higher expression in tumors than in normal breast, increases
cell proliferation, and regulates the expression of 2 breast cancer-
related hormones, GH and PRL (20, 23, 24).

To analyze the function of Pit-1 in mammary carcinogenesis,
the present study uses human mammary cell lines and immu-
nodeficient mice to evaluate the effects of overexpression and
knockdown of Pit-1 on key features of the carcinogenic and met-
astatic process. Moreover, we evaluated Pit-1 expression in 110
human breast invasive ductal carcinomas and then correlated
expression with prognostic factors.
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Pit-1 regulates proliferation and cell death in the MCF-7 human breast adenocarcinoma cell line. (A) Overexpression of Pit-1 in the MCF-7 cell
line for 48 hours increases BrdU uptake, while knockdown of Pit-1 has the opposite effect. (B) Representative example of incorporation of BrdU in
MCEF-7 cells after overexpression or knockdown of Pit-1. For overexpression, the cells were immunostained with an anti-hemagglutinin antibody
to localize Pit-1 expression. Scale bar: 50 um. (C) Flow cytometric analysis of apoptosis in MCF-7 cells 48 hours after Pit-1 overexpression or
knockdown. (D) Western blot shows cleavage of poly (ADP-ribose) polymerase (PARP) (89 kDa), which is used as an apoptosis indicator, 48
hours after transfecting MCF-7 cells with Pit-1 siRNA-1 and siRNA-2. (E and F) Western blot of cyclin D1, Bcl-2, Pit-1, and $-actin in MCF-7 cells
48 hours (E) after Pit-1 overexpression or (F) after Pit-1 knockdown. (D—F) The major 31- and 33-kDa immunoreactive bands corresponding to
Pit-1 are indicated with double arrowheads. Values are reported as mean + SD. **P < 0.01, ***P < 0.001.

Results
Pit-1 in the buman breast adenocarcinoma cell line MCF-7 regulates
cell proliferation and apoptosis. To analyze the functions of Pit-1
on breast cancer, we first examined the effect of Pit-1 overex-
pression and knockdown on cell proliferation and apoptosis in
the human mammary adenocarcinoma cell line MCF-7. Pit-1
overexpression has been shown to lead to an increase in cell
proliferation in pituitary and extra pituitary cell lines (20, 25,
26). Our data demonstrate a significant (P < 0.001) increase in
BrdU uptake in MCF-7 cells transfected with hemagglutinin-
tagged Pit-1, compared with that of control cells. In addition,
a significant (P < 0.001) decrease in cell proliferation was also
observed using 2 Pit-1 small interfering RNA (Pit-1 siRNA-1 and
Pit-1 siRNA-2), each composed by a pool of 3 pairs of primers
(see Supplemental Methods), targeting different sequences in
the Pit] gene (Figure 1, A and B).
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To determine the role of Pit-1 in apoptosis, MCF-7 cells were trans-
fected with the pRSV-hPit-1 expression vector (or the pRc¢/RSV con-
trol vector) or with Pit-1 siRNA-1 (or scramble siRNA). Forty-eight
hours later, apoptosis was determined by labeling the cells with prop-
idium iodide (PI) or FITC-conjugated Annexin V or by performing a
TUNEL assay and then subjecting cells to flow cytometry. Cells trans-
fected with Pit-1 showed a significant (P < 0.01) decrease in apoptosis,
as compared with cells transfected with the control vector (Figure 1C).
Conversely, reduction of endogenous levels of Pit-1 by transfection
with Pit-1 siRNA-1 induced a significant (P < 0.001) increase in cell
death, 14-times greater than that of cells transfected with scramble
siRNA (Figure 1C). Western blot analysis of MCF-7 cells transfected
with the Pit-1 siRNA-1 and Pit-1 siRNA-2 clearly showed a 89-kDa
band corresponding to cleaved poly (ADP-ribose) polymerase, a mark-
er of apoptotic cells (Figure 1D). We found that Pit-1, probably acting
at posttranscriptional level (S. Seoane, unpublished observations),
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Figure 2

Pit-1 induces invasive and malignant features in the noninvasive MCF-7 human breast carcinoma cell line. (A) Overexpression of Pit-1 (pTRE2-
hPit-1) in MCF-7 cells after 8 days induces a significant (***P < 0.001) increase in cell colony formation in soft agar, with respect to that of control
cells. C, control cells. Scale bar: 75 um. (B and C) Cell motility through uncoated filters (migration) and through Matrigel-coated filters (invasion)
at 48 hours in the control cells, pRc/RSV—transfected MCF-7 cells, and pRSV-hPit-1-transfected MCF-7 cells (***P < 0.001 versus control
cells). Numbers represent mean + SD. (C) Representative example of B. Cells were stained with crystal violet, visualized with microscopy, and
counted. Scale bar: 100 um. (D) Wound healing assay. The wounded areas (space indicated by arrows) were examined with microscopy at
the indicated times. Scale bar: 250 um. (E) Protein extracts of MCF-7 cells 48 hours after transfection with the empty vector (pRc/RSV) or with
pRSV-hPit-1—expressing vector were prepared and tested using Western blotting for E-cadherin, Snai1, MMP-1, Pit-1, and p-actin. (F) Western
blot assay showing a suppression of E-cadherin expression 72 hours after Pit-1 overexpression in MCF-7 cells. (E and F) Double arrowheads in
the MMP-1 immunoblot indicate proenzyme form (top arrow) and active form (bottom arrow). Double arrowheads in Pit-1 immunoblots indicate
33-kDa and 31-kDa immunoreactive bands.

also mediated in the expression of cyclin D1 (a critical regulator of the
Gy/S transition) and Bcl-2 (an antiapoptotic factor), suggesting that
these factors could be involved in Pit-1 regulation of cell proliferation
and apoptosis (Figure 1, Eand F).

Overexpression of Pit-1 in the noninvasive MCF-7 cell line increases invasive
potential, while the knockdown of Pit-1 in the highly invasive human adeno-
carcinoma cell line MDA-MB-231 reduces metastatic features. To explore
the role of Pit-1 in mammary tumor cell invasion and metastasis, we
overexpressed Pit-1 transiently in the noninvasive human mammary
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cell line MCF-7 and stably in MCF-7 Tet-Off cells. On the other hand,
we reduced the endogenous expression of Pit-1 by transiently trans-
fecting the highly invasive mammary cell line MDA-MB-231 with Pit-1
siRNA or stably transfecting it with a doxycycline-induced vector
(pSingle-tTS-Pit-1shRNA) containing a short hairpin RNA interfer-
ence (shRNA) (Supplemental Figure 1, A and C; supplemental mate-
rial available online with this article; doi:10.1172/JCI42015DS1).
Given that the acquisition of anchorage-independent growth is one
of the in vitro properties associated with the malignancy of cells, we
Volume 120 4291
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Figure 3

Knockdown of endogenous Pit-1 in the invasive MDA-MB-231 breast carcinoma cell line reduces malignant traits. (A) Knockdown of Pit-1 in
MDA-MB-231 cells (treated with doxycycline [+Dox]) significantly (***P < 0.001) reduces the number of colonies in soft agar at 12 day, as com-
pared with that of controls (not treated with doxycycline [-Dox]). Scale bar: 75 um. (B and C) Knockdown of Pit-1 for 48 hours in MDA-MB-231
cells significantly inhibits cell motility through uncoated filters (migration) and through Matrigel-coated filters (invasion). Error bars represent SD.
***P < 0.001 versus controls. Cells were stained with crystal violet, visualized with microscopy, and counted. Scale bar: 100 um. (D) Western
blot in MDA-MB-231 cells indicating a decrease of Snai1 and MMP-1 expression 48 hours after endogenous Pit-1 suppression. (E) A band
corresponding to the E-cadherin size is readily visible using Western blot 72 hours after blocking endogenous Pit-1 in MDA-MB-231 cells. (D
and E) Double arrowheads in the MMP-1 immunoblot indicate proenzyme form (top arrow) and active form (bottom arrow). Double arrowheads

in Pit-1 immunoblots indicate 33-kDa and 31-kDa immunoreactive bands.

tested the ability of Pit-1 to induce colony formation in soft agar. We
found that noninvasive MCF-7 cells stably transfected with Pit-1 for
8 days significantly (P < 0.001) increased in the number and size of
colonies in soft agar, with respect to that of control cultures (Figure
2A). Conversely, after blocking endogenous Pit-1, the ability of the
invasive MDA-MB-231 cells to form colonies at 12 days was signifi-
cantly reduced (P < 0.001; Figure 3A). We next evaluated the motility
of cells in the Matrigel invasion assay. MCF-7 cells overexpressing
Pit-1 were 5-times more invasive than control cells (Figure 2, B and
C). However, when endogenous Pit-1 was blocked by transfecting the
MDA-MB-231 cells with Pit-1 siRNA, both migration and invasion
were reduced by 90%, as compared with that of control cells (Fig-
ure 3, B and C). We also performed wound healing-induced migra-
tion assay. Cells were forced to migrate through the space created by
scraping the monolayer with a tip. After 24 hours, Pit-1-expressing
MCEF-7 cells had completely filled the wound (Figure 2D).

The Snail transcription factor is an important regulator of
invasiveness during tumor progression by repressing E-cadherin
(27, 28). E-cadherin is essential for the maintenance of cell-cell
adhesion, and functional loss of E-cadherin in epithelial cells has
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been considered a hallmark of EMT (2). Thus, the next step in
our evaluation of the effect of Pit-1 focused on Snail and E-cad-
herin expression. It has been shown that Snail is more strongly
expressed in MDA-MB-231 cells compared with epithelial MCF-7
cells (29). On the other hand, E-cadherin expression is present in
MCF-7 cells but not in the invasive MDA-MB-231 cells (28). This
is corroborated by our results. At 48 hours, Snail presented a
strong band both in controls and scrambled siRNA-transfected
MDA-MB-231 cells. In addition, we found a visible decrease after
Pit-1 siRNA transfection. Furthermore, at 72 hours, a band corre-
sponding to E-cadherin became readily visible (Figure 3, D and E).
However, in MCF-7 cells, Pit-1 overexpression at 48 hours
increased Snail transcription and reduced E-cadherin expres-
sion, which was completely repressed at 72 hours (Figure 2, E
and F). We also evaluated the expression of the MMP-1. This
protein has recently been related to both breast tumorigenicity
and basal lung metastagenicity (30). As shown in Figure 2E and
Figure 3D, overexpression of Pit-1 increased MMP-1 expression
in MCF-7 cells, but Pit-1 siRNA transfection decreased MMP-1
expression in the MDA-MB-231 cells.
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Figure 4

Subcutaneous injection of Pit-1—overexpressing MCF-7 cells in SCID mice increases tumor growth and induces EMT. (A) Seven SCID mice were
subcutaneously injected with control MCF-7 cells (left flank) or MCF-7 cells stably transfected with Pit-1 expression vector (right flank). C, control
cells; P, Pit-1-overexpressing MCF-7 cells. (B) Box plot of tumor growth in SCID mice, as described in A. The bottom and the top of the boxes
represent the first and third quartiles (i.e., the 25th and 75th percentile, respectively), and the bands near the middle of each box represent the
50th percentile (the median). The ends of the whiskers represent the lowest and the highest values still within 1.5 interquartile range of the lower
and upper quartiles, respectively. (C and D) Western blot and immunohistochemistry of Pit-1 in tumors of SCID mice injected with MCF-7 control
cells stably transfected either with the pTRE2-hPit-1 expression vector or the control vector (pTRE2) at day 20. Double arrowheads in the Pit-1
immunoblot indicate 33-kDa and 31-kDa immunoreactive bands. Scale bar: 40 um. (E) Immunohistochemistry analysis of epithelial (CK AE1-AE3,

CK-19, E-cadherin, and f3-catenin), mesenchymal (vimentin), and proliferation (Ki-67) markers in tumors of SCID mice injected with control or
Pit-1—overexpressing MCF-7 cells. Scale bar: 25 um.

Overexpression of Pit-1 in immunodeficient mice increases tumor growth
and induces EMT. We next evaluated the effect of Pit-1 overexpres-
sion or depletion in vivo using the severe combined immunode-
ficient (SCID) mouse tumor xenograft model. Tumor growth
at day 12 and 20 was significantly (P < 0.001) increased in mice
subcutaneously injected with Pit-1-overexpressing MCF-7 cells, as

as demonstrated by decreased epithelial markers (e.g., cytokera-
tin AE1-AE3 [CKAE1-AE3], CK19, E-cadherin, and B-catenin) and
increased mesenchymal markers (e.g., vimentin). We also found
increased cell proliferation (e.g., Ki-67) (Figure 4E). Interestingly,
E-cadherin expression levels seem to be related with tumor size
(Supplemental Figure 1B).

compared with mice injected with control cells (Figure 4, A and B,
and Supplemental Figure 1A). As expected, at day 20, Pit-1 expres-
sion was greater in mice injected with Pit-1-overexpressing MCF-7
cells, both by Western blot (Figure 4C) and immunohistochemistry
(Figure 4D). Immunohistochemical analysis indicated that mouse
tumors with MCF-7 cells overexpressing Pit-1 are involved in EMT,
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Knockdown of Pit-1 in MDA-MB-231 cells injected into SCID mice
reduces tumor growth but does not modify EMT-associated proteins. Mice
injected with MDA-MB-231 cells transfected with the pSingle-
tTS-Pit-1shRNA vector and fed doxycycline (to knockdown Pit-1
expression) showed a significant reduction in tumor growth, with-
out significant weight loss at 15 and 23 days after injection, as
Volume 120 Number 12
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Figure 5

Knockdown of Pit-1 levels in MDA-MB-231 cells reduces tumoral growth when injected into SCID mice. (A) Six SCID mice were subcutaneously
injected in the left and right flanks with MDA-MB-231 cells stably transfected with the pSingle-tTS-Pit-1shRNA doxycycline-induced vector and
treated (+Dox) or not treated (—Dox, control) with doxycycline to induce Pit-1shRNA. A sample tumor from each group is shown. (B) Box plot of
tumor growth in SCID mice, as described in A. The box plot is defined as in Figure 4B. (C) Western blots and immunohistochemical detection of
Pit-1 in tumors of SCID mice, as described in A. Double arrowheads in the Pit-1 immunoblot indicate 33-kDa and 31-kDa immunoreactive bands.
Scale bar: 40 um. (D) Immunohistochemical detection of epithelial, mesenchymal, and proliferation markers, as described in Figure 4E. Scale
bar: 25 um. (E) Immunohistochemical detection of activated caspase-3 in tumors of SCID mice, as described in A. Scale bar: 40 um.

compared with mice not fed doxycycline (Figure 5, A and B, and Sup-
plemental Figure 1C). In mouse tumors with Pit-1 knocked down,
we observed a decreased Pit-1 protein content (Figure SC). How-
ever, surprisingly, no changes in the expression of proteins involved
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in epithelial-to-mesenchymal transition (i.e., CKAE1-AE3, CK19,
E-cadherin, -catenin, and vimentin) were observed in either
group of mice (Figure 5D). Using immunohistochemistry, we
also evaluated activated caspase-3 as an indicator of apoptosis.
December 2010
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Figure 6

Pit-1 transcriptionally regulates Snai1 expression. (A) Relative expression of the mRNAs encoding Pit-1 and Snai1 in MCF-7 and MDA-MB-231
cells before and after Pit-1 overexpression, as determined by real-time PCR. Rn18s mRNA was used to normalize the variability in template
loading. Values are expressed as mean + SD. ***P < 0.001 versus controls. (B) The diagram shows the Snai1 promoter with the putative Pit-1
binding sites (identified by filled squares) and the regions amplified using specific primers (see Supplemental Methods) in the ChIP assay (iden-
tified by lines with arrowheads as A, B, C, and D). The initiation transcription site is indicated by a single arrowhead at position +1. (C) Soluble
chromatin obtained from control, pRc/RSV—transfected MCF-7 cells, and pRSV-hPit-1-transfected MCF-7 cells was immunoprecipitated with
anti—Pit-1 antibody or control IgG. The immunoprecipitated DNA was amplified by PCR using primers (see Supplemental Methods) A, B, C, and
D, as shown in B. (D) Deletion analysis and selective mutations at position —5/+4 bp from the start transcription site identified a Pit-1-responsive
region in the human Snai1 promoter. MCF-7 cells were transfected with several Snai1 promoter fragments fused to pGL3Basic (pGL3B) vector.
Normalized relative luciferase units (RLU) were calculated as the ratio of luciferase activity in Pit-1—overexpressing cells to the activity in the
corresponding control cells. *** P < 0.001 versus controls. Data are expressed as mean + SD.

As shown in Figure SE, a significant (P < 0.001) increase in immu-
nopositivity was seen in tumors of mice with Pit-1 knocked down
(5.49% + 0.72%), with respect to the control mice (0.31% + 0.18%), sug-
gesting that the lower tumor growth observed after Pit-1 knockdown
could be the result of increased apoptosis (see also Figure 1C).
Pit-1 transcriptionally regulates Snail gene expression. Given that
overexpression of Pit-1 in MCF-7 cells increases Snail protein
and induces EMT in mouse tumors, we evaluated the regulation
of Snail by Pit-1 in more depth. MCF-7 and MDA-MB-231 cells
were transfected with the pRSV-hPit-1 vector or the pRc/RSV
control vector, and 48 hours later quantitative PCR was carried
out to evaluate Pit] and Snail mRNA expression. As expected, a
significant increase in Pit] mRNA expression was observed after
Pit-1 overexpression in both MCF-7 and MDA-MD-231 breast can-
cer cell lines. In addition, Snail mRNA levels rose significantly in
pRSV-hPit-1-overexpressed cells in relation to that of control cells
(Figure 6A). To determine whether Pit-1 binds to the Snail gene, a
ChIP assay was carried out using Snail gene-specific primers (see
Supplemental Methods). Using the Transcription Element Search
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Software program (University of Pennsylvania, Philadelphia, Penn-
sylvania, USA; http://www.cbil.upenn.edu/tess), 3 putative Pit-1
binding sites were found in the Snail promoter (Figure 6B). Spe-
cific binding of Pit-1 to the A, B, and D sites of the Snail promoter
was observed in both control and pRSV-hPit-1-overexpressed cells,
indicating that Pit-1 binds to the Snail promoter gene in vivo (Fig-
ure 6C). Transfection reporter assays (Figure 6D) indicated that
Pit-1 transcriptionally regulates the Snail gene. Specific deletions
of the Snail promoter demonstrate that Pit-1 binds to a region
comprised between -23/+59 bp from the start transcription site,
and this region is necessary for Pit-1-induced Snail transcription.
The functionality of the proximal Pit-1 response element was test-
ed by mutating it in the context of the pGL3B-Snail_ggo/+s9 con-
struct. Specifically, 5 different mutations were introduced into the
Snail ges sequence at position -5/+4 from the transcription start
site (pGL3B-Snail_ggo/+somut). This construct was cotransfected
into MCF-7 cells with the pRc/RSV or with the pRSV-hPit-1 vector.
As shown in Figure 6D, the response to Pit-1 in cells transfected
with the mutant construct was completely abolished.
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as described in A. (D) Western blots of B-catenin, vimentin, Snai1, and Pit-1, and B-actin
for control MDA-MB-231 cells, as well as for cells 48 hours after (i) Snail overexpres-
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A Dayo
Injection of MCF-7
cells stably transfected
with Pit-1

Day 21:
Removal of orthotopic
breast tumor

Pir-1, independently and also through Snail, modifies expression of proteins
involved in EMT and cellular motility. To evaluate whether Pit-1 regulates
proteins involved in EMT in some way other than through Snail
induction, Snail expression was knocked down in Pit-1-overexpress-
ing MCF-7 cells, and 48 hours later E-cadherin, 3-catenin, and vimen-
tin were evaluated using Western blot and immunohistochemistry.
With respect to E-cadherin, our data showed a decreased expres-
sion after Pit-1 overexpression and an increased expression after
Snail knockdown, in relation to that of control cells. Endogenous
knockdown of Snail in Pit-1-overexpressed MCF-7 cells restored the
E-cadherin to basal levels (Figure 7, A and B), suggesting a Snail-
dependent action of Pit-1. On the other hand, although Pit-1 over-
expression causes both a decrease in -catenin and a strong increase
in vimentin, unlike the effect of Pit-1 on E-cadherin, neither of these
proteins went back to basal expression levels after cotransfection with
Snail siRNA (Figure 7, A and B), suggesting a Snail-independent
action. Similarly, to analyze the role of Snail in Pit-1-induced cell
motility, we also evaluated migration and invasion in MCF-7 cells.
Knockdown of Snail in these cells significantly (P < 0.001) reduced
migration and invasion (Figure 7C), but cotransfection with pRSV-
hPit-1 did not bring the levels back to those observed in the control
cells (Figure 7C).

Overall, our data strongly suggest that Pit-1 regulates -catenin
and vimentin protein expression independently of Snail but not
that of E-cadherin. On the other hand, we found that increased cell
motility seems to be mediated by Pit-1-induced Snail, suggesting
that Pit-1 by itself does not play a major role in cell motility.

To study the effects of Pit-1 on protein expression related to
EMT and cell phenotype in more depth, we evaluated whether
the effects of Pit-1 knockdown could be reversed by Snail over-
expression in MDA-MB-231 cells. E-cadherin immunopositivity
was found in neither control cells nor transfected cells after 48
hours (Figure 7E). Pit-1 knockdown induces cell death, as shown
in MCF-7 cells (Figure 1C) and in tumors of mice induced by injec-
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Sacrificed and
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Figure 8

Orthotopic injection of Pit-1—overex-
pressing MCF-7 cells in SCID mice
induces metastasis in lung. (A) Sche-
matic representation of experimen-
tal induction of metastasis. At day 0,
eleven SCID mice were injected with
MCF-7 cells (controls) and twelve
SCID mice were injected with MCF-7
cells stably transfected with Pit-1—
overexpressing vector into the second
mammary fad pat. At day 21, animals
were anesthetized and breast tumors
were resected. On day 47, mice were
sacrificed and lungs were removed
for analysis. Nine out of twelve SCID
mice injected with MCF-7 cells overex-
pressing Pit-1 showed micrometasta-
sis in lung. Two micrometastasis were
observed in mice (n = 11) injected with
control MCF-7 cells. (B) Representa-
tive example of micrometastasis in
lung. H&E staining and immunoposi-
tivity for vimentin, CK-7, and CK-19.
Scale bar: 40 um.

tion of MDA-MB-231 cells transfected with Pit-1 shRNA (see Fig-
ure SE). In line with this, the decreased vimentin protein expres-
sion observed after transfection with Pit-1 siRNA could be related
— though not necessarily exclusively — to Pit-1-induced apoptosis
(Figure 7, D and E). Cotransfection of cells with both Pit-1 siRNA
and the pcDNA3-Snail overexpression vector brought vimentin
expression nearly back to levels observed in control cells (Figure 7,
D and E). No significant changes in p-catenin expression were
observed after cotransfection of the Snail overexpression vector
and Pit-1 siRNA. Immunohistochemistry analysis indicated that
[-catenin expression was weak in membranes and appeared mainly
as dots or cytoplasmic aggresomes, suggesting a misfolding or a
partially denatured protein (Figure 7, D and E). Migration and
invasion values in MDA-MB-231 cells transfected with the Snail-
overexpressing vector significantly (P < 0.001) increased, with
respect to those of control cells (Figure 7F). However, knockdown
of Pit-1 in Snail-overexpressed MDA-MB-231 cells did not reduce
migration and invasion levels below those observed in control cells
(Figure 7F), suggesting a Snail-dependent Pit-1 role in cell motil-
ity, as described above for MCF-7 cells.

Pit-1 promotes breast cancer-associated lung metastasis. Given that Pit-1
transcriptionally raises Snail expression and Snail is a key EMT-
inducing factor, we next tested the potential of MCF-7 cells, stably
transfected with Pit-1, to metastasize in vivo. It has been shown
that MCF-7 cells present very low levels of metastasis (31, 32).
Therefore, SCID female mice were injected in the mammary fat pad
with the MCF-7 cells stably transfected with the pTRE2-Pit-1-over-
expressing vector (n = 12) or with the pTRE2 control vector (n = 11).
Twenty-one days after injection, primary mammary tumors were
excised under anesthesia in both groups of animals. Experiments
were terminated 26 days after tumor excision (day 47 after injection
of MCF-7 cells), and mice were sacrificed and lungs were removed,
fixed, paraffin embedded, sectioned, and stained either with H&E
or with specific antibodies for immunohistochemistry analysis
Volume 120 4297
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(Figure 8A). Nine out of the twelve mice injected with Pit-1-overex-
pressing cells developed micrometastasis in lung, while 2 out of the
11 mice injected with control MCF-7 cells showed micrometastasis
in lungs (P = 0.012). Micrometastases showed immunopositivity
for vimentin, CK-7, and CK-19 (Figure 8B). These antibodies react
only with human and not with mouse vimentin and cytokeratin.
Pit-1 expression in human invasive ductal carcinomas of the breast
is associated with distant metastasis. To further evaluate the clini-
cal value of Pit-1 expression in human breast tissue, Pit-1 was
analyzed by immunohistochemistry in 110 invasive ductal
carcinomas of the breast. Representative examples of Pit-1
immunostaining in tumors are shown in Figure 9A. Pit-1 protein
expression was detected mainly in the nuclei of tumor or control
epithelial cells. A total of 89 tumors (80.9%) stained positively for
Pit-1, with clear differences regarding intensity and the percentage
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Figure 9

High expression of Pit-1 in human ductal invasive carcinomas of the
breast correlates with occurrence of distant metastasis. (A) Repre-
sentative set of negative and positive (1+, 2+, and 3+) Pit-1 and Snai1
immunodetections in human breast invasive ductal carcinomas. Pit-1
immunopositivity in human pituitary gland was used as positive control.
Scale bar: 50 um. (B) Kaplan-Meier survival curves as a function of
the immunostaining expression of Pit-1 in the overall group of patients
(n =110), in the subgroup with node-negative breast cancer (n = 52),
and in the subgroup with node-positive breast cancer (n = 58). The
median of the immunostaining score values in the overall group of
patients (score 35.4) was chosen as the cut-off point for both node-
negative and node-positive patient subgroups.

of stained cells. The mean score value was 35.4 (range 0-194.5).
Distribution of Pit-1 score values is shown in Supplemental
Figure 2. In the group of 89 Pit-1-positive tumors, 49 tumors
were weakly stained (score < 50), 26 were moderately stained
(50 < score < 100), and the remaining 14 tumors were strongly
stained (score > 100). In addition, to investigate the possible rela-
tionship between Pit-1 and Snail expression, we also analyzed
the staining pattern for both proteins in 65 breast carcinomas
using immunohistochemistry. A total of 14 cases (21.1%) showed
positive immunostaining for Snail in the nucleus in at least 5%
of cancerous cells. These Snail-positive tumors showed higher
scores for Pit-1 expression (score values: median, 77.9 [range,
13.06-143.19]) than the 51 Snail-negative tumors (median, 31.6
[range, 0-156.7]) (P < 0.001). A representative example of Snail
immunostaining in breast tumors is shown in Figure 9A.
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The wide variability in Pit-1 values obtained suggested a wide
variability in biological and clinical behavior of breast carcinomas,
thus the potential value of Pit-1 expression as a prognostic marker.
Statistical analysis showed that Pit-1 score values were not signifi-
cantly related to age, tumor size, nodal status, histological grade,
estrogen or progesterone receptor status, desmoplastic reaction,
peritumoral inflammation, tumoral advancing edge, or tumoral
invasion (Supplemental Table 2). These facts prompted us to eval-
uate the potential role of Pit-1 as an independent prognostic factor
in breast cancer.

The potential association between Pit-1 immunostaining and
distant relapse-free survival was retrospectively evaluated in the
110 patients included in the present study. Using statistical analy-
sis, we used the median of the Pit-1 scores as the cut-off point.
Using this cut-off point, no significant association was found
between Pit-1 expression and relapse in either the overall group of
patients or the node-negative patient subgroup (Figure 9B). How-
ever, in the subgroup of patients with node-positive breast cancer,
relapse was confirmed in 10 out of 27 (37%) patients with tumors
showing low levels of Pit-1 expression and in 23 out of 31 (74.2%)
patients with tumors showing high levels of Pit-1 expression. Sta-
tistical analysis showed that Pit-1 expression was significantly
associated with the occurrence of distant metastasis in patients
with node-positive breast cancer (hazard ratio, 3.02; 95% CI,
1.4-6.9; P = 0.004). In addition, differences between distant
relapse-free curves for these 2 groups of patients were significant
at level P = 0.003 (Figure 9B). On the other hand, multivariate
analysis according to the Cox model demonstrated that tumor
stage (tumor stage III, relative risk [RR], 2.20; CI, 1.05-4.60;
P =0.037), ER status (ER-positive status, RR, 0.37; CI, 0.17-0.79;
P =0.011), and PgR status (PgR-positive status, RR, 0.40; CI,
0.17-0.90; P = 0.028) were significantly and independently associ-
ated with distant relapse-free survival in the subgroup of patients
with node-positive tumors. Nevertheless, this same analysis also
demonstrated that Pit-1 expression was the most potent indepen-
dent factor associated with distant relapse-free survival in patients
with node-positive tumors (RR, 2.71; CI, 1.20-6.00; P = 0.015).

Discussion

In this study, we demonstrate that overexpression of Pit-1 in breast
cancer cell lines and in SCID mice in vivo induces malignant fea-
tures, tumor growth, and metastasis in lung. Our findings provide
evidence that Pit-1 regulates the Snail transcription factor and
induces EMT. In addition, elevated expression of Pit-1 in patients
with invasive ductal carcinomas of the breast is significantly cor-
related with the occurrence of distant metastasis.

Several studies have suggested that Pit-1 is directly involved in
pituitary cell proliferation (25), apoptosis (33), and possibly in
the pathogenesis of pituitary adenomas (34, 35). However, other
studies have not found any relation between Pit-1 expression
and pituitary tumorigenesis (36). Given that the original studies
describing Pit-1 expression and function were restricted to the
pituitary gland and pituitary cell lines, the function of Pit-1 in
extrapituitary tissues had not been well evaluated previously. In
the mammary gland, Pit-1 also regulates GH and PRL, increases
cell proliferation, and has higher expression in breast tumors than
in normal mammary gland, suggesting that Pit-1 could be involved
in mammary tumorigenesis (20, 23). In the present study, we dem-
onstrate that Pit-1 was also involved in extrapituitary regulation
of cell death. Our data show that Pit-1 overexpression in MCF-7
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cells significantly reduced apoptosis and, conversely, Pit-1 knock-
down increased cell death 14 fold. In addition, we show that Pit-1
upregulated the antiapoptotic protein Bcl-2. Regarding this point,
it has been demonstrated that Bcl-2 overexpression occurs in 40%
to 80% of human breast tumors (37).

Given the Pit-1 involvement in breast cell proliferation and cell
death, two key processes in cancer (38), our next objective was to
evaluate the function of Pit-1 in other steps of breast oncogenesis.
Our experimental cell model was designed to overexpress Pit-1 in
the noninvasive human breast adenocarcinoma cell line MCF-7
and evaluate the metastatic potential of Pit-1 and, on the other
hand, to knockdown Pit-1 in the highly invasive human breast car-
cinoma cell line MDA-MB-231 and evaluate the possible regres-
sion of its invasive properties. Our results demonstrated that Pit-1
regulates cell migration, invasion, and anchorage-independent
growth as well as the expression of MMP-1, Snail, and E-cadherin.
MMP-1, also known as collagenase-1, plays an important role in
diverse physiologic processes, such as development, tissue mor-
phogenesis, and wound repair. Likewise, it seems to be implicated
in a variety of human diseases, including cancer (39). In cancer, it
has recently been demonstrated that MMP-1 is part of a group of
4 genes that when expressed in human breast cancer cells facilitate
the assembly of new tumor blood vessels, the release of tumor cells
into the circulation, and the breaching of lung capillaries by circu-
lating tumor cells to seed pulmonary metastasis (30).

Disruption of the E-cadherin-mediated adhesion system is a
major event in the transition from noninvasive tumors to inva-
sive malignant carcinomas (40) and is a key biomarker for EMT
(2). E-cadherin is directly repressed by Snail transcription factor,
which in turn induces the acquisition of mesenchymal pheno-
type by epithelial tcumor cells (27, 28). Snail is a key factor dur-
ing embryogenesis, but its expression is also related to oncogenic
processes. In fact, Snail expression is inversely correlated with the
grade of differentiation of breast tumors, which seems to indi-
cate that it is involved in the progression of breast carcinomas
(41). It has also been demonstrated that Snail promotes mam-
mary tumor recurrence, and high levels of Snail predict lower
relapse-free survival in women with breast cancer (42). Our data
demonstrate that Snail is transcriptionally regulated by Pit-1
and that Pit-1, independently and also through Snail, could be
involved in some important functions of EMT. Thus, overex-
pression of Pit-1 in Snail knocked down MCF-7 cells reduces
[B-catenin expression and increases vimentin expression but does
not restore E-cadherin to basal levels. This suggests a Snail-inde-
pendent role of Pit-1 in the regulation of B-catenin and vimen-
tin, while Snail induction is required for E-cadherin regulation.
In addition, Snail also seems to mediate the role of Pit-1 in cell
motility. However, we can not exclude Pit-1 modulation on other
gene(s) involved in EMT.

Our in vivo results strongly support the in vitro data: after injec-
tion of Pit-1-overexpressing MCF-7 cells in SCID mice, a significant
increase in tumor growth was observed with respect to controls.
Immunohistochemistry analysis of tumors induced by Pit-1-over-
expressing MCF-7 cells once again strongly indicated that Pit-1
is involved in the EMT, as shown by the decreased epithelial and
increased mesenchymal markers. Transition between the epithelial
and mesenchymal state is now known to be a central process that reg-
ulates cell plasticity in carcinomas, tumor recurrence, and metastatic
progression (3). Our results showing the presence of micrometasta-
sis in lungs of 75% of the SCID mice orthotopically injected with
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Pit-1-overexpressing MCF-7 cells seem to indicate that Pit-1 induces
a phenotypic transformation in the originally nonmetastatic MCF-7
cells, leading them to acquire invasive and migratory properties and
thus the capacity to develop metastasis in lung. The evaluation of
breast metastasis using our experimental approach (i.e., orthotop-
ic injection of MCEF-7 cells, excision of tumor under anesthesia at
day 21, and histological evaluation of lungs at day 47) seems to be
a more physiological way to generate “primary tumors” that lead to
spontaneous metastasis than injecting tumor cells directly into the
bloodstream, which could bypass most of the steps in the invasion-
metastasis cascade that depend on an EMT program.

In order to correlate our in vitro and in vivo results with Pit-1
expression in patients with breast cancer, we analyzed Pit-1 expres-
sion in invasive breast cancer using immunohistochemistry. In addi-
tion, we also evaluated Snail immunopositivity in these tumors and
found significant correlation between Snail positivity and higher
Pit-1 expression, supporting the regulation of Snail by Pit-1.

The wide variability obtained in Pit-1 values suggested that
this transcription factor might influence the biological and clini-
cal behavior of breast carcinomas. In addition, the fact that Pit-1
expression did not correlate with classical clinical-pathological
parameters of breast cancer led us to consider Pit-1 as a poten-
tial independent prognostic factor in breast cancer. The potential
association between Pit-1 immunostaining and distant relapse-
free survival was retrospectively evaluated in the patients group.
We found no significant association between Pit-1 expression and
relapse, either in the overall patient group or in the node-negative
patient subgroup. However, in the node-positive patient subgroup,
high expression of Pit-1 was significantly and independently asso-
ciated with the occurrence of distant metastasis. This finding
could prove to be highly relevant in light of the fact that tumor
involvement of axillary lymph nodes is considered to be the major
prognostic factor of poor outcome in breast cancer (43, 44).

Human breast cancer has been related with deregulation of
several embryonic transcription factors that play a crucial role
in development (45, 46). For example, Oct3 and Brn3b proteins,
which like Pit-1 belong to the POU family of transcription factors
and have been implicated in embryonic stem cell and sensory ner-
vous system development, are expressed at abnormally high levels
in human breast cancer (47, 48). In addition, it has been recently
demonstrated that EMT-inducing transcription factors may gener-
ate cells with stem-like cells characteristics (9). Thus, deregulation
of EMT-regulating factors in the mammary gland could induce
EMT in epithelial mammary cells and/or in stem-like cells, and
thus, these cells could later acquire mesenchymal characteristics
with invasive and self-renewal capabilities, enabling these cells to
develop micrometastasis and macrometastasis in distant organs.
These data also support the hypothesis that breast cancer cells may
have a stem cell origin (49-51).

The possibility of directly targeting Pit-1 has been opened by a
recent in vitro study, showing a direct inhibition of the DNA-bind-
ing activity of Pit-1 and Brn3 by a small molecule (a phenyl-furan-
benzimidazole dication, DB293) (52). In addition, our group has
also demonstrated an inhibitory effect of 1,25-dihydroxyvitamin
D3 (1,25[OH],;D3) on Pit-1 expression (53). 1,25(0OH),D3 and its
analogs have antiproliferative and proapoptotic effects in a num-
ber of cell types, including breast cancer cells, through the vitamin
D receptor (VDR). A link between VDR and Snail has also been
demonstrated. Snail represses VDR gene expression in human
colon cancer, and elevated Snail expression correlates with down-
4300
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regulation of VDR. In xenografted mice, Snail blocks the antitu-
mor action of EB1089, a 1,25(0OH),D;analog (54). Given that Pit-1
regulates Snail and 1,25(OH);Ds inhibits Pit-1, treatment with
1,25(0OH),Dj; or its analogs could be an interesting approach in
breast tumors that overexpress Pit-1.

The in vitro data obtained from the experimental manipulation
of breast cancer cell lines and the in vivo data from the SCID mouse
studies indicate that Pit-1 induces EMT-associated changes and
activates other cellular programs, such as cell survival and prolif-
eration. The analysis of Pit-1 expression in human breast samples
could contribute to improving the prognosis of patients with node-
positive breast cancer. Taken together, our findings suggest that
Pit-1 could represent a new therapeutic target in breast cancer.

Methods
Patients, breast cancer samples, and immunobistochemistry. One hundred and
ten patients with invasive breast cancer (without distant metastasis at the
time of initial diagnoses), which were treated at Fundacién Hospital de
Jove between 1990 and 2003, were selected based on the availability of
clinical details at presentation and a minimum of 5 years of follow-up
for women without tumor recurrence. Patient sample characteristics are
described in Supplemental Methods and Supplemental Table 1. Women
were treated according to the guidelines used by Fundacién Hospital de
Jove. The study adhered to Spanish regulations and was approved by the
Fundacién Hospital de Jove Ethics and Investigation Committee. The end
point was distant metastatic relapse. The median follow-up period was 88
months in patients without metastases and 45 months in patients with
metastases. Breast carcinoma tissue samples were obtained at the time of
surgery. Prior informed consent was obtained from patients. Routinely
fixed (overnight in 10% buffered formalin), paraffin-embedded tumor sam-
ples stored in our pathology laboratories were used. Histopathologically
representative tumor areas without necrosis were defined on H&E-stained
sections. Serial 5-um sections were consecutively cut with a microtome
(Leica HM335S, Leica Microsystems) and transferred to adhesive-coated
slides. Immunohistochemistry was performed on these sections using a
TechMate TMS0 autostainer (Dako), as previously described (23). Antibod-
ies for Pit-1 and Snail were obtained from Santa Cruz Biotechnology Inc.
and from Garcia de Herreros (Unidad de Biologia Celular y Molecular, Uni-
versidad Pompeu Fabra, Barcelona, Spain), respectively. We used human
pituitary gland (obtained from autopsy) as a positive control for Pit-1.
Immunostaining levels were scored as detailed in Supplemental Methods.

Cell cultures, immunobistochemistry, constructs, and transfections. MCF-7
Tet-Off cells were purchased from Clontech. MCF-7 and MDA-MB-231
(human breast adenocarcinoma cell lines) were obtained from the Euro-
pean Collection of Cell Cultures. Cells were maintained in DMEM supple-
mented with 10% FBS in 5% CO,. MCF-7 and MDA-MB-231 cells (2 x 104
cells) were transfected for 48 hours with the corresponding constructs,
seeded in slides, and fixed for 10 minutes in 96% ethanol, before processing
for immunohistochemistry, as described below for immunohistochemistry
animal studies. Transient transfections were performed as previously
described (52). Stable transfections were performed with the Cell Line
Nucleofector Kit (Amaxa). Cell culture, plasmid construction, and trans-
fection protocol are described in Supplemental Methods.

Western blot, real-time RT-PCR, ChIP, proliferation, and apoptosis assays. Western
blotting was performed as previously described (55). The primary antibod-
ies and reagents are described in Supplemental Methods. cDNA synthesis
and RT-PCR were performed as described previously (23). For quantitative
RT-PCR, analyses were performed using iQ SYBR Green Supermix (Bio-
Rad) on iCycler equipment (7500 PCR Systems, Applied Biosystems). The
ChIP assay was performed as previously described (53). Primer sequences
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for PCR and ChIP assays are provided in Supplemental Methods. For prolif-
eration assays, we treated cells with BrdU labeling reagent (BD Biosciences)
for 1 hour as previously described (23). The number of apoptotic MCF-7
cells was measured 48 hours after transfection with pRc/RSV control vector,
PRSV-hPit-1 expression vector, Pit-1 siRNA-1, or scrambled siRNA by label-
ing with PT and FITC-conjugated Annexin V (BD Biosciences) and perform-
ing TUNEL assay, followed by detection with flow cytometry (FACScan, BD
Biosciences) (detailed in Supplemental Methods).

Soft agar, wound healing, and migration and invasion assays. Soft agar assay was
carried out with 5 x 10* MCF-7 Tet-Off cells and with MDA-MB-231 cells
stably transfected with, on one hand, either the overexpression vector pTRE2-
Pit-1 or the control vector pTRE2, and, on other hand, with the pSingle-tTS-
shRNA-hPit-1 vector (detailed in Supplemental Methods). Colonies that grew
beyond 50 um in diameter were scored as positive. The wound healing assay is
detailed in Supplemental Methods. The migration and invasion assays were
performed in BD BioCoat Matrigel Invasion Chambers according to the man-
ufacturer’s instructions (BD Biosciences), with uncoated porous filters (8-um
pore size) for estimation of cell migration and Matrigel-precoated filters to
examine cell invasion (detailed in Supplemental Methods).

Animal studies. All animal studies were approved by the University of San-
tiago de Compostela Ethics Committee for Animal Experiments. Female
mice (age matched, between 6 to 8 weeks) homozygous for the severe com-
bined immune deficiency spontaneous mutation (CB17-Prkdc<, referred
to as SCID, The Jackson Laboratory) were used for xenografting studies.
Seven SCID mice were injected subcutaneously with 1 x 107 MCF-7 cells
stably transfected either with the pTRE2 (control) vector in the left flank or
with the pTRE-Pit-1-overexpressing vector in the right flank. Six mice were
subcutaneously injected in the left and right flanks with 5 x 106 MDA-MB-
231 cells stably transfected with the doxycycline-inducible pSingle-tTS-Pit-1
shRNA vector. Of these mice, 3 were fed with doxycycline in food pellets 15
days before injection and thereafter until sacrifice. Tumor growth was moni-
tored externally using a vernier calliper every week, until 20 days after inject-
ing MCF-7 cells or 23 days after injecting MDA-MB-231 cells, and tumor
volume was calculated using the following formula: /6 x length x width?.
For experimental metastasis assays, we generated orthotopic primary
tumors in 8-week-old SCID female mice by inoculation into the sec-
ond mammary fat pad of 1 x 10 MCF-7 cells stably transfected with
either the pTRE2 control vector (n = 11, controls) or the pTRE2-Pit-1-
overexpressing vector (n = 12) in 0.15 ml of PBS and Matrigel (50:50, BD
Biosciences). At day 21 after cell injection, orthotopic primary mammary
tumors were removed under anesthesia (100 mg kg-! ketamine, 10 mg kg-!
xylazine, intraperitoneally), and 26 days later (day 47 after cell injection),
mice were sacrificed, and lungs were removed and examined for metastasis.
Lung micrometastasis was explored in paraffin sections by H&E staining.
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For immunohistochemistry studies, mouse tumors and lungs were immer-
sion fixed in 10% neutral buffered formalin for 24 hours and embedded in
paraffin routinely. Sections (4-um thick) were mounted on silanized slides
(Dako). The immunohistochemical technique was automatically performed
in an Autostainer Link 48 (Dako). FLEX Ready-to-Use Primary Antibod-
ies to CKAE1/AE3, CK7, CK19, E-cadherin, vimentin, and Ki-67 (all from
Dako) were used. A polyclonal antibody to Pit-1 (1:200; Santa Cruz Biotech-
nology Inc.), active caspase-3 (1:50; Abcam), and a monoclonal antibody
to B-catenin (1:50; Dako) were also used. For detection we used EnVision
FLEX/HRP (Dako). Quantitation of immunopositive cells for active cas-
pase-3 expression was performed as previously described (56).

Statistics. Each experiment was performed at least 3 times. Values
are expressed as mean + SD. Means were compared using 2-tailed Stu-
dent’s ¢ test or 1-way ANOVA, with the Tukey-Kramer multiple com-
parison test for post-hoc comparisons. For lung metastasis studies
we used the Fisher’s exact test. Immunostaining score values for each
protein were expressed as a median along with a range. Comparison of
immunostaining values between groups was made with the Mann-Whit-
ney or Kruskall-Wallis tests. For metastasis-free survival analysis, we used
the Cox’s univariate method. Cox’s regression model was used to examine
interactions of different prognostic factors in a multivariate analysis. The
multivariate analysis only included parameters that achieved statistical
significance for distant relapse-free survival in the univariate analysis as
well as the type of systemic therapy. The SPSS 17.0 program (SPSS Inc.)
was used for all calculations. P values of less than 0.05 were considered
statistically significant.
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