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a  b  s  t  r  a  c  t

Pin1  is the  only  known  cis-to-trans  isomerase  that  recognizes  the  phosphorylated  pThr/pSer-Pro  motifs
in many  signaling  molecules,  playing  unique  roles  in  the pathogenesis  of breast  cancer.  First,  Pin1  is
prevalently  over-expressed  in  kinds  of breast  cancer  cell  lines  and tissues,  such  as  MDA-MB-231  cell,
MCF-7  cell,  Her2+,  ER�+, and basal-like  breast  cancer  subtypes.  Second,  Pin1  amplifies  many  oncogenic
signaling  pathways,  inhibits  multiple  tumor  suppressors,  promotes  the  angiogenesis  and  metastasis  of
breast  cancer  cells,  and  enhances  the  resistance  of  breast  cancer  cells  to anti-tumor  medicines.  Third,
inhibiting  Pin1  blocks  most  of  these  detrimental  effects  in  a great  number  of  breast  cancer  cell lines.
These  findings  suggest  Pin1  as  a promising  diagnostic  biomarker  as  well  as an efficient  therapeutic  tar-
get  for  breast  cancer.  It  is strongly  expected  that  a Pin1-positive  subtype  of breast  cancers  should  be
extremely  concerned  and  that the  therapeutic  efficacy  of  Pin1 inhibitors  on breast  cancer  patients  should
be  evaluated  as  soon  as  possible.  Nonetheless,  Pin1-based  therapeutic  strategies  for  breast  cancer  still
deserve  some  debates.  Hence,  we  give  the  predictions  of  several  important  issues,  such as application
precondition,  side  effects,  and  personalized  medication,  when  Pin1  inhibitors  are  used  in  the  breast  can-
cer  therapy.  These  proposals  are  meaningful  for  the  further  development  of  Pin1-based  diagnostic  and
therapeutic  strategies  in  order  to conquer  breast  cancer.

© 2014  Elsevier  Ltd.  All  rights  reserved.

Introduction

Breast cancer endangers the health of human beings across the
world [1,2]. Screening predictive biomarkers and targeting patho-
logical molecules are very important to prevent breast cancer [3–5].
The reversible phosphorylation of serine or threonine preceding a
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proline (Ser/Thr-Pro) in proteins is an important signaling switch
in diverse human diseases including breast cancer. Several pre-
vious reviews have well demonstrated that the peptidyl-prolyl
cis-trans isomerase Pin1 is the only known isomerase that specif-
ically catalyzes the phosphorylated pThr/pSer-Pro motifs form
cis-configuration to trans-configuration, that Pin1 regulates the
transcriptional efficiency, expression levels, function, subcellular
localization, stabilization, ubiquitylation, and degradation of many
signaling molecules, and that Pin1 plays a vital role in a number
of human diseases especially cancers and neurodegenerative dis-
orders [6–9]. Our recent studies revealed the linking role of Pin1 in
several chronic human diseases, too [10,11]. In this perspective, we
focus on the increasing evidence that uncovers the vital role of Pin1
in the pathogenesis of breast cancer, and we further emphasize the
importance of Pin1-based diagnostic and therapeutic strategies for
the prevention of breast cancer.

The essential role Pin1 in the pathogenesis of breast cancer

The activation of multiple oncogenes and growth enhancers by
Pin1

Pin1 activates more than two dozens of oncogenes and growth
enhancers relevant to breast cancer, which is briefly shown in
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Table  1
Positive effects of Pin1 on multiple oncogenes and growth enhancers relevant to breast cancer.

Oncogenes/growth
enhancers

Roles in breast cancer Binding motifs
for Pin1

Function of Pin1 References

AIB1/SRC-3 Activates estrogen receptor and progesterone
receptor;
Leads to the development and progression of
hormone-dependent and -independent breast
cancer.

pSer505 Promotes the cooperation of AIB1 and
other coactivators.

[7,14,32–34]

Akt/PKB Associates with disease development, poor
prognosis, lower patient survival, and resistance
to radiotherapy in breast cancer.

pThr92;
pThr450

Increases Akt stability;
Protects Akt from degradation.

[26,35]

�-Catenin Mediates Wnt  signaling pathway;
Promotes the proliferation, invasion, and
metastasis of breast cancer.

pSer246 Inhibits �-catenin degradation;
Enhances the nuclear accumulation and
stabilization of �-catenin.

[13,27,36,37]

c-Fos Composes the hetero-dimeric activator protein-1
(AP-1);
Facilitates the nuclear import of some
oncoproteins in breast cancer cell.

Possibly
pThr232;
pThr325;
pThr331;
pSer374

Potentiates the transcriptional response of
c-Fos and AP-1 to multiple growth factors.

[15,38,39]

c-Jun Composes the hetero-dimeric AP-1;
Promotes the invasion and migration of breast
cancer cell.

pSer63;
pSer73

Increases the transcriptional activity of
c-Jun toward downstream genes including
cycling D1.

[13,16,40]

c-Myc Promotes the proliferation and invasion of breast
cancer cell;
Correlates with the poor outcome of breast
cancer.

pSer62 Enhances the binding of c-Myc and its
coactivators to DNA promotors;
Promotes c-Myc to activate the genes
involved in cell growth, metabolism, and
proliferation.

[17,41,42]

Cyclin D1 Promotes the proliferation, migration, and
invasion of breast cancer cell;
Serves as a diagnostic biomarker for breast
cancer.

pThr286 Up-regulates the expression and the
function of cyclin D1 via multiple signaling
pathways;
Increases the nuclear localization of cyclin
D1;
Stabilizes cyclin D1.

[18,28,43–45]

ER� Functions as a hormone-regulated transcription
factor;
Critical for the efficiency of endocrine therapy.

pSer118 Increases ER� levels by inhibiting the
proteasome-dependent degradation of it.

[29]

ErbB2(Her2/neu) Promotes the proliferation and growth of breast
cancer cell;
Acts as a transcriptional coactivator for Stat3,
cyclin D1, etc.;
Is  an independent prognostic factor of poor
clinical outcome in MembErbB2+ breast cancer.

– Attenuates the ubiquitin-mediated
degradation of ErbB2;
Increases the stability and cellular levels of
ErbB2.

[30,46–49]

FAK Significantly correlates with basal-like/triple
negative breast cancer;
Critical for the metastasis of breast cancer.

pSer910 Promotes the dephosphorylation of FAK. [19,50–52]

Mcl-1 Increases the viability of breast cancer cell;
Contributes to the proliferation and migration of
breast cancer cell;
Resist to cell apoptosis;
Blocks the chemo-sensitization of breast cancer
cell.

pThr92;
pThr163

Stabilizes Mcl-1;
Up-regulates the cellular levels of Mcl-1.

[20,53,54]

Nanog Is a transcriptional factor maintaining the
pluripotency of breast cancer cell;
Promotes the proliferation of breast cancer cell.

pSer52;
pSer65

Stabilizes Nanog by suppressing its
ubiquitination and degradation.

[31,55]

NF-�B Up-regulates many genes involved in
antiapoptosis, proliferation, angiogenesis, and
metastasis of breast cancer cell.

pThr254 Increases the nuclear accumulation and the
protein stability of p65, which is a major
component of the heterodimeric NF-�B;
Enhances the activity ofNF-�B.

[7,13,21]

Notch1 Is over-activated in about 50% of breast cancer;
Is a therapeutic target for breast cancer.

pSer2122;
pThr2133;
pSer2137

Modifies the structure of Notch1;
Facilities the generation of the active
intracellular domain of Notch1;
Enhances the transcriptional activity of
Notch1.

[7,22]

p70S6K Significantly associates with the tamoxifen
resistance and the prognosis in ER�+
postmenopausal breast cancer.

pThr389 Enhances the phosphorylation of p70S6K;
Activates p70S6K-mediated signaling
pathways.

[23,56]

Raf-1 Blocks the drug-sensitivity of breast cancer cell;
Contributes to the drug-resistance of breast
cancer cell;
Enhances the expression of HER-2/Neu and leads
to the distant metastases in ER�+ breast cancer.

Possibly
pSer642

Hyperphosphorylated Raf-1 is inactive, but
Pin1 promotes the dephosphorylation of
Raf-1 by PP2A and recycles Raf-1 to its
active form.

[24,57–59]

Stat3 Acts as an oncogene and is constitutively
activated in various breast cancer cell lines;
Associates with the proliferation, migration, drug
resistance, and epithelial-mesenchymal
transition of breast cancer cell.

pSer727 Promotes the activity of Stat3 and the
expression of its target genes.

[25,60,61]
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