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19Breast cancer is the most common cancer in women worldwide. Understanding the biology of this tumor is a
20prerequisite for selecting an appropriate treatment. Cell cycle alterations are seen inmany cancers such as breast
21cancer. Newly popular targeted agents in breast cancer have been reported such as cyclin dependent kinase
22inhibitors (CDKIs) which are agents inhibiting the function of cyclin dependent kinases (CDKs) as well as
23Notch,Wnt, and SHH (Sonic hedgehog)which have recently been reported as a novel therapeutic target in breast
24cancer. They are categorized as selective and non-selective inhibitors of CDK. CDKIs have been tried as
25monotherapy and combination therapy. Palbocyclib is now a promising CDKI used in breast cancer. Nowadays
26palbocyclib is designed for a phase III trial for estrogen receptor (ER) positive breast cancer after showing
27favorable results in progression free survival in a phase II trial.
28The tumor microenvironment is increasingly recognized as a significant factor in cancer treatment response.
29The tumor microenvironment is considered as a target for combination therapy of breast cancer. Recent findings
30of the signaling pathways in breast cancer are herein summarized and discussed. Furthermore, the therapeutic
31targeting of the microenvironment in breast cancer is also considered.
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68 1. Introduction

69 Cancer consists of immortal cells that can be fatal for patients.
70 Ironically, these cells must die so that the patients survive. Cell
71 division and cell death are the two predominant physiological processes
72 that regulate normal tissue homeostasis. Alteration of these two
73 physiological processes has a pivotal role in the pathogenesis of cancer
74 [1]. Great efforts to ascertain components of the cell cycle are guiding
75 to novel approaches for the treatment of cancer.
76 Genes encoding components of the cell cycle such as cyclin,
77 CDKs and their endogenous inhibitors which are found in normal
78 conditions are often impaired in many human cancers [2]. For
79 example, CDKs are overactive in some cancers depending on cyclin
80 overexpression or downregulation of endogenous CDKIs [3]. According
81 to this data, researchers focus onwhether the strategy of CDK inhibition
82 is able to render cancer treatment more successful. Some studies
83 suggest that inhibiting CDKs may be an effective therapy in many
84 cancers including breast cancer [4]. Hormone therapy is another form
85 of systemic therapy. It is most often used as an adjuvant therapy to
86 help reduce the risk of the cancer coming back after surgery, but it can
87 be used as neoadjuvant treatment, as well. It is also used to treat cancer
88 that has come back after treatment or has spread. The new research
89 findings offer the possibility of expanding theways patients with breast
90 cancer are treated with hormone therapy by using drugs that block
91 estrogen (a type of hormone) from attaching to estrogen receptors on
92 tumor cells to prevent the cells from growing and spreading [5]. Some
93 pathways such as Notch, Wnt, SHH (Sonic hedgehog) and other
94 pathways have recently been reported as a novel therapeutic target in
95 breast cancer [6–10].
96 The breast microenvironment consists of extracellular matrix
97 (ECM) and numerous stromal cell types, including endothelial and
98 immune cells, fibroblasts, and adipocytes [11]. Recent studies have

99reported that cancer-associated fibroblasts (CAFs) make up the
100bulk of cancer stroma and affect the tumor microenvironment such
101that they promote cancer initiation, angiogenesis, invasion, and
102metastasis [11]. In breast cancer, CAFs not only promote tumor
103progression but also induce therapeutic resistance. Accordingly,
104targeting CAFs provides a novel way to control tumors with
105therapeutic resistance [11]. The tumor microenvironmental cells,
106which express some of the Notch molecules and release factors
107that promote cancer cells survival and proliferation [12–14]. The
108tumor microenvironment is now recognized as an important partic-
109ipant of tumor progression and response to treatment [15]. As a
110result, there is increasing interest in developing novel therapies
111targeting the microenvironment, particularly as it relates to invasive
112and metastatic progression. Signals from the microenvironment,
113especially those from transforming growth factor-β (TGF-β), induce
114targeted de novo epigenetic alterations of cancer-related genes [15].
115While TGF-β signaling has been implicated in two opposite roles in
116cancer, namely tumor suppression and tumor promotion, its deregu-
117lation is also partly induced by epigenetic alteration itself [15].
118The present review summarizes and discusses the current under-
119standing of the signaling pathways in breast cancer with a particular
120emphasis on the therapeutic targeting of the microenvironment.

1212. Signaling pathways and hormones involved in breast cancer cell
122cycle and survival

123Several proteins, pathways and hormones are involved in breast
124cancer cell cycle and survival such as CDKs (Cyclin dependent kinase),
125Notch, Wnt, SHH, estrogen receptor, HER2 (human epidermal growth
126factor receptor 2), and others. Fig. 1 show proteins, pathways in breast
127cancer cell cycle and survival.

1282.1. CDKs

129Cell cycle is regulated by cyclins, CDKs, and CDKIs. These three key
130classes of regulatory molecules determine a cell's progress through the
131cell cycle [16]. Cell cycle is divided into 4 distinct phases (G1, S, G2,
132and M). G0 represents exit from the cell cycle. Specific cyclin and CDK
133complexes conduct cell cycle progression by regulating transition
134through G0-G1-S-G2-M phases. Cell cycle is driven by CDKs, which are
135positively and negatively regulated by cyclins and CDKIs, respectively
136[17]. Cyclins form the regulatory subunits and CDKs the catalytic
137subunits of an activated heterodimer; cyclins have no catalytic activity
138and CDKs are inactive in the absence of a partner cyclin [18].
139Animal cells contain lots of CDKs. Some of them are directly involved
140in cell cycle regulation, such as CDK1, CDK2 and CDK4. For example,
141CDK1, with its partners cyclin A2 and B1, alone can drive the cell cycle
142in mammalian cells [19]. When activated by a bound cyclin, CDKs
143perform a common biochemical reaction called phosphorylation that
144activates or inactivates target proteins to orchestrate coordinated
145entry into the next phase of the cell cycle. Cyclin–CDK complexes in
146earlier cell-cycle phase help activate cyclin–CDK complexes in later
147phases [20]. In addition, a second group of CDKs are responsible for
148the regulation of cellular transcription. They have role of maintenance

Fig. 1. Proteins, pathways in breast cancer cell cycle and survival: Cyclin D1/CDK4 and
CDK6/Rb/E2F pathway for G1 to S transition [16–18].
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