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Introduction
Breast cancer, a complex and heterogenous disease of different 

types often poses difficult situations for treatment [1,2]. Though there 
is remarkable improvement in diagnostic tools and therapeutic options, 
cure rates in breast cancer remains poor. The GLOBOCAN-2018 
report, reports 162,000 breast cancer cases (27.7% of all new cancers), 
a 5-year prevalence of 405,000 breast cancer cases, and 87,000 deaths 
were observed in the Indian population [3]. Biomarkers, oncogenes 
and tumour suppressor genes can help in the therapeutic decisions. 
The knowledge of cell cycle and cell cycle components can help in 
development of reliable biomarkers, and accurate measurement of 
cell cycle component expression and their correlation with clinical 
symptoms and prognosis can give insight for the future of both breast 
cancer management and anti-cancer therapeutics [4]. Targeted therapy 
or precision drug therapy involves use of drugs, or knowledge of cell 
cycle components that influence not only the cancer cell growth, but 
also survival and proliferation. This review gives an insight into the cell 
cycle and its components and targeted therapy as an option for breast 
cancer remedies.

Cell cycle
The cell cycle is a fundamental and inevitable pathway of events 

that plays role in the cellular physiology, development and diseases. 
Regulation of this cyclical process at different stages like in mitosis 
involves number of proteins which eventually leads to the formation 
of daughter cells. The regulatory process also involves cyclin dependent 
kinases (CDKs) and cyclins which control passage of the cycle through 
different stages namely, G1, G0, S, G2 and M phases. Kinases inturn 
can be regulated by CDK inhibitors (CDKIs) [5]. The cyclical period of 
division of somatic cells can be grouped under two heads: (i) Interphase 
and (ii) Mitosis (M phase). On the other side, germ cells undergo 
broadly two stages, namely nuclear and cell division stages respectively 
named as Meiosis I and Meiosis II. Interphase, a preparatory period of 
cell division can be further subdivided to G1, (G0 in dormant cells) S 
and G2 phase [6]. In turn mitosis, the period of cell division consists of 
prophase, metaphase, anaphase and telophase. The CDKs and cyclins 
play role at every stage of the cycle to check for errors and necessary 
corrections. However, defects can arise in the pathway molecules due to 
different reasons, like gene mutations, and can result in development of 
diseases like cancer [7]. 

Cell growth

The process of cell division results in increase in cell number which 
is a part of cellular growth [8]. Cell growth can happen either due to 
cellular proliferation resulting in increase in cell numbers, or by increase 
in cell volume occurring in absence of cell division. Cell growth can 
be influenced by a number of factors, like leukocyte infiltration [9,10]. 
However, growth and cell cycle can be independently regulated and 
cell cycle does not drive cell growth. This might be due to the fact that 
cell can often divide without growing, like disproportionate division of 
cytoplasm to small cells in egg cells [11-13]. Further to control cell size, 
controls are imposed by developmental programs upon cell growth 
and cell proliferation. This could be regulated by the divergence of 
regulatory pathways governing growth and proliferation [14]. 

The regulation of cell cycle done by cyclins and CDKs are important 
in both self –renewing and transit amplifying divisions [15]. However, 
as metazoan cells progress through development their cells progress 
through various types of cell cycle, like embryonic cell cycle, meiotic and 
mitotic cell cycle, endoreduplication cell cycle [16]. The factors required 
in each cycle progression have differential requirements of critical 
regulators as per the respective cycles. In turn, check point controls can 
arrest the cell cycle progression. For instance, the cell cycle might be 
arrested in response to DNA damage and cell death might be initiated. 
The DNA damage checkpoint, replication checkpoints, spindle-
assembly check point might impose brakes on cell cycle and initiate 
for correction of the stages before allowing the cycle to proceed further 
[17,18]. There might be influence of the environmental conditions 
and mutations to interrupt the reproducible pattern of cell division 
as observed in C. elegans. Though cell-cycle regulation interconnects 
with developmental stages, many more things are to be elucidated. 
Proliferations at germline level along with the control mechanisms 
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involve some of the best characterized connections between developmental 
signals and cell-division control (Figure 1) [19,20]. However, it needs to 
be looked more at how developmental programs control the cell cycle and 
whether systemic signals are involved [21].

Neosis
Cancer cells undergo cell division by a unique way called as 

neosis, through which they could escape senescence and enter to 
transformation and progression of tumours. However, cells can have 
induction of senescent phenotype by either, telomere attrition-induced 
senescence at end of cellular mitotic life span (MLS), or by replication 
history-independent, accelerated senescence by inadvertent activation 
of oncogenes or by exposure of cells to genotoxins [21]. Senescent cells 
with mutations or epimutations in tumour suppressor genes would 
escape cell death by mitotic catastrophe and become polyploid cells, 
which before their death gives rise to many cells with viable genomes by 
nuclear budding and asymmetric cytokinesis, or development of genetic 
instability [22,23]. The mode of cell division occurred here is called as 
‘neosis’ and the immediate neotic progeny are called as ‘Raju cells’ and 
display stem cell properties. However, the offsprings show a limited 
MLS and enter senescence. Raju cells undergo mitotic division and can 
subsequently show resistance to genotoxins leading to generation of 
drug resistant tumour growth (Figure 2) [24]. In brief, neosis can extend 
MLS of cells which are not favouring mitosis, preceds tumourigenesis, 
occur multiple times during tumour progression, generating Raju 
cells and conferring tumour cell heterogeneity that would be further 
subjected to natural selection during tumour progression and can 
involve epigenetic modulations [25]. 

Triple negative breast cancer

Hormonal therapy could be an option for cancer treatment but in 
breast cancer there is an added problem and it is about the absence of 
hormone receptors (estrogen, progesterone, and HER2 protein) leading 
to a state being developed called as triple negative breast cancer [26]. 
This state might be an ideal predisposition for chemotherapy treatment 
but preferably in the early stages. 

Cell cycle regulation

Eukaryotic cells undergo division. The regulatory process is 
understood from the experimental on different organisms. The cell 
cycle consists of divisive phases/events of nucleus and the cytoplasm. 
The progression through the phases is controlled by the cyclin 
dependent kinases (CDKs). The entry of oocytes to meiosis, or oocyte 
maturation is regulated by the cytoplasmic factor, also called as the 
maturation promoting factor (MPF) which is also present in somatic 
cells [27]. Cell cycle regulation process is influenced drastically by the 
protein phosphorylation mediated by cdc2 (cdc stands for cell division 
cycle mutant) encoded protein kinases. The other group of proteins 
which will be influencing the process are called as cyclins which display 
a periodic pattern of accumulation and degradation in the cells. The 
MPF is regulated by phosphorylation and dephosphorylation of Cdc2, 
and in turn the catalytic activity of Cdc2 protein kinase is regulated by 
cyclin B. The Cdc2 kinase activity is initiated by Cdc2 phosphorylation 
at threonine-161 and tyrosine 15 positions and threonine 14 in 
vertebrates. Dephosphorylation of threonine-14 and tyrosine-15 
by a protein phosphatase, Cdc25 leads to the activation of Cdc2/
cyclin B complex and transition from G2 to M phase of the cell cycle. 
Furthermore, Cdc2 activity by ubiquitylation leads to the degradation 
of cyclin B, inturn leading to inactivation of Cdc2, helping the cells to 
exit mitosis, undergo cytokinesis and return back to interphase [27,28]. 
Although control of the G2/M transition is implicated in events in 
cancer resulting in chromosomal aberrations, important cell-cycle 
events in G1/S transition may be specifically altered in breast cancer, 
including the actions of the oncogenes/ tumor suppressors cyclin E, 
cyclin D1, and p27 [29]. The Cdc2 related protein kinases are called as 
cyclin dependant kinases (Cdks). Progression from G1 to S is regulated 
by Cdk2 and Cdk4, or Cdk6 with cyclins D and E, whereas progression 
through the restriction point in G1 is mediated by the complex of Cdk 
4 and 6 with Cyclin D. The C phase is mediated by activation of Cdk2/
cyclin A complex. Additionally, Cdk/cyclin complex, like Cdk7/cyclin 
H plays role not only in cell cycle regulation, but also in transcription, 
because of its association with transcription factor TFIIH [30].

Cell cycle regulatory molecules in breast cancer
The steroid hormone estrogen is hypothesized to induce cell-cycle 

progression either through c-Myc, or through cyclin D1 [31]. Sequestration 

Figure 1. Schematic illustration of cell proliferation mechanism

Figure 2. Illustration of Neosis
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Spindle assembly checkpoints

Genetically identical daughter cells are being produced through 
cell division. The process needs genome replication and chromosome 
segregation. The spindle assembly checkpoint (SAC) or ‘mitotic 
checkpoint’ acts to maintain stability by preventing anaphase to 
proceed till all the kinetochores are stably attached to the spindle 
fiber microtubules . With stable attachment to the spindle, checkpoint 
is inactivated and cell cycle progresses [67]. Cyclin B1 and Cdc20 
synthesis are essential for maintenance of the mitotic state. The mitotic 
checkpoint complex (MCC) is composed of the SAC proteins BubR1, 
Bub3 and Mad2 associated with the Cdc20. This complex acts as an 
activator of the E3 ubiquitin ligase anaphase promoting complex or 
cyclosome (APC/CCdc20) [68]. With alignment of all chromosomes 
at the metaphase plate, SAC silencing is initiated wherein the existing 
MCC becomes abolished [69,70]. This leads to Cdc20 to be freed and 
activating APC/CCdc20 leading further to degradation of securing and 
cyclin B [68]. The cyclin B1 breakdown initiates mitotic exit [68,71,72]. 
Mitotic slippage or mitotic exit leads to cell death occurring only after 
one cell cycle following mitotic exit and increasing progressively during 
subsequent cell cycles [73].

Aneuploidy, common phenomenon in 80% of the breast cancers 
is linked to the damages in SAC and occurs due to the changes 
in SAC protein levels and loss of checkpoint functions [70,74,75] 
and SAC inhibition in aneuploid cells can lead to the generation of 
mitotic defects [76]. Thus, targeting deregulated SAC can be part of 
breast cancer therapeutics [68]. Thus, SAC deregulation can lead to 
chromosomal instability (CIN), and SAC genes are frequently altered 
at the transcriptional level, whereas mutations at the DNA level are rare 
[70]. The SAC control also exists in meiosis, and SAC kinases important 
for mitotic SAC control does additional role in meiosis [77]. The triple 
negative breast cancer tumours (TNBC) show a high level of CIN, 
overexpressing mostly the spindle assembly checkpoint kinase TTK, 
suggesting also TTK inhibition as a therapeutic target [78].

Targeted therapies

Targeted therapy in cancer involves use of drugs to target specific 
genes and proteins involved in growth and survival of cancer cells. 
This can help cancer cells to grow in an environment or can target 
cells involved in cancer growth. The process involves a look out for the 
involved genetic changes in tumour growth, and a potential target can 
be a protein with or without a mutation present in cancer cells, but not 
in the normal healthy cell [79,80]. The therapeutic procedure can lead to 
destruction of cancer cells, as well as prevent growth and proliferation 
of cancer cells. Breast cancer can have HER2/neu protein as a target 
for therapeutic procedures [2,81], apart from inhibitors for CDK4/6, 
mTOR, and PI3K pathway. PARP inhibitors can be used for situations 
with BRCA1 gene mutations [82]. Chemotherapy can be combined with 
targeted therapy for HER2 positive breast cancer patients [83]. Drugs, 
like olaparib and talazoparib can be used for chemotherapeutic treated 
patients with HER2-negative breast cancer with BRCA gene mutation. 
Monoclonal antibodies can be used for patients with TNBC. Hormone 
therapy can be used for patients with hormone receptor as positive [84].

Targeted therapy differs from the standard chemotherapy in many 
ways, like wherein the standard chemotherapeutic agents can be 
cytotoxic, targeted therapeutics can be cytostatic. Targeted therapy acts 
as precision medicine as these act on the specific molecular targets in 
cancer, but chemotherapeutic agents acts on all rapidly dividing normal 
and cancerous cells [85]. In a summary, targeted therapeutics are less 

of p21 and p27 by cyclin D1 and Cdk4 leads to the activation of cyclin 
E/Cdk2 by estrogen and downregulated p21 levels in presence of c-Myc 
[32,33]. Both c-Myc and cyclin D1 can be overexpressed by progestin 
[31]. Prolactin and its receptor also acts as an important physiological 
regulator of  mammary epithelial cell activity, and prolactin treatment 
of cultured breast cancer cells lead to the induction of  cyclin D1 and 
decreased expression of  p21, but not p27 [34]. 

Mammary epithelial cells can also have inhibition of G1/S activity 
due to cytokine TGF-β activity by induction of CDK inhibitors and 
modulation of CDK activity [31]. Upregulation of cyclin D is linked 
not only to the resistance development against endocrine therapy in 
breast cancer, but also to the overexpression (in 20% of breast cancer 
incidences), and copy number amplification (in 50% of breast cancer 
incidences) apart from more expression of cyclin D1 in 67.5% of invasive 
ductal carcinoma incidences [35-38]. Genetic alterations in the cyclin 
D1 gene and mRNA expression was seen in the ER-negative MDA-
MB-453 cell line, which can lead to malignancy [39]. In another study, 
ER-positive breast cancer patients were reported to have high cyclin 
D1 expression, with more risk of relapse, metastasis, and early death 
[40,41]. Cyclin D1 was reported not only to be higher in proliferative 
disease, but also in ductal carcinoma in situ, and also overexpessed 
in invasive lobular carcinomas [42,43]. Cyclin D3 was also seen to be 
associated with breast cancer samples [4].

Expression levels of cyclin A with/without E2-promoter binding 
factor 1 (E2F1) associated with Ki-67 can be used as a marker in breast 
cancer disease analysis. Even, overexpressed cyclin A can be correlated 
with earlier relapse, higher risk, and shorter overall survival rate in breast 
cancer patients [44-46]. Gene amplification of cyclin E has been seen 
also in breast cancer tissues with more risk to the breast cancer patients 
[47,4], and cyclin E may be responsible for ER-independent tumour 
growth [48,49]. Furthermore, cyclin B was found to be associated with 
lymphatic invasion and poor survival under breast cancer disease 
condition, and cyclin B1 is considered to be a strong prognostic factor 
in breast cancer [4,50]. Of the tumour suppressors, aberrant p16 gene 
expression, closely associated with a high proliferative index is one of 
the most common abnormality in breast cancer [51,52]. However, low 
p16 gene expression is also seen in TNBC carcinoma [53]. Expression 
of p21 can act as a tumour suppressor, and expression of p21WAF1/
CIP1 can be used as a key prognostic marker for breast cancer [54,55]. 
Again, downregulation of p21WAF1/CIP1 promoted EMT, enhanced 
the cell viability and migration potential in response to long non-
coding RNA plasmacytoma variant translocation 1 (PVT1) in distinct 
MDA-MB-231, MDA-BA-468 breast cancer cell lines, and also could 
inhibit apoptosis [4,56]. Upregulation of p21WAF1/CIP1 was seen to be 
associated with invasion and poor response to tamoxifen tretatment in 
MCF-7 cells [57]. Low levels of p27 protein also acts as a marker in lymph-
node negative breast cancer patients [58]. Elevated levels of p27 in human 
breast cancer cells inversely correlated with the degree of malignancy in 
human breast, and significantly associated with ER-positive state [59,60]. 
Reduced expression of p27 alongwith elevated expression of HER2 
could be significantly for HER2-positive/neu antibody therapy, and can 
also be correlated with a high histologic grade, an advanced TNM stage 
(tumor size, lymph node status, metastatic status), and negative hormone 
receptor status [61-63]. The HER 2-positive and TNBC subtypes were 
also reported to have p53 overexpression [64], suggesting its role as 
marker in poor prognosis and a compromised immune response in more 
aggressive breast cancer types [65]. Furthermore, p53 overexpression was 
found to be inversely correlated with ER/PR expression and positively 
correlated with HER2-positive overexpression in high-grade tumours 
with nodal metastasis [66].
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likely to harm normal healthy cells than the chemotherapeutic agents 
[https://www.breastcancer.org/treatment/targeted_therapies]. Most 
of the targeted therapeutics involve use of small molecules drugs or 
monoclonal antibodies [86] or use tumour agnostic treatments [87]. 

Breast cancer, a common cancer found in women mostly, as well as in 
men [88,89] is a complex disease with many subtypes [1,2]. Though there 
are targeted therapies for the specific pathophysiology of breast cancers, 
further research needs to look at the evasion of therapeutic resistance 
mechanisms, suggesting the need to target the cell cycle molecules.

Most of the therapeutic approaches in cancer target molecules to 
damage the cell division process. The process leads to activation of cell 
cycle checkpoints, target repair mechanism, or cell death phase [90]. 
Tumour metastasis is closely related to the cell cycle [91]. Activities in 
cell cycle can result in cytoskeletal changes [92]. Epithelial mesenchymal 
transition is also related to the tumour metastasis [93-96]. Efficacy of 
chemotherapeutic drugs can be improved alongwith the regulation 
of cell cycle [91]. Association of p27 with CDK2-cyclin A leads to 
blocking of putative protein substrate docking region on cyclin A. Thus, 
structured and designed small molecules can block CDK activity and 
arrest cell cycle of the cancer cells [97]. The cell death kinase inhibitors 
with adenovirus can serve not only as vehicle for delivery, but also can 
lead to CDK inhibition. Examples include effective introduction of 
p16 INK4a with pRb and adenovirus with p21cip1/waf1 or p27kip1 in 
cancer cell lines, as well as use of small peptides to mimic endogenous 
CKIs [98-101]. Reports suggest use of chemical CDK inhibitors to block 
CDK activity [102]. The regulatory pathways can be altered by using 
antisense technologies [103,104]. Antibody inhibition of CDC25A in 
HeLa cells resulted in the formation of mitotic-like phenotype and cell 
death [105], whereas inhibition of CDC25B lead to S-phase delay and 
antiproliferative effects [106], resulting in alteration of proteasomal 
pathways, but can result in complications. Though more information 
is required, the basic regulatory mechanisms of cell cycle throw up 
light for discovery of molecules that can target aberrant proliferation 
[102]. MicroRNAs play important role in cancer [107], and miRNA like 
MRX34, a miR-34 mimic can be used as the other alternative therapeutic 
strategy. Though combination therapy with several selective inhibitors 
can show clinical activity, these can lead to intolerable adverse effects. 
Thus, there is a requirement to look out for the alternative strategies, 
like use of predictive biomarker, or biomolecules, including CKIs 
(Figure 3) [90,108,109].  

Conclusion
Metastatic cancer is the complexity in cancer and can involve SAC 

deregulation mechanism [68]. Treatment options for metastatic cancer 
vary on different parameters [87] and SAC can be also hypothesized 

for therapeutic target [110]. However, a patient needs to be tested 
for a tumour with drug target by ways like biomarker testing [86], 
and targeted therapy needs the identification of targets that play 
important role in cancer cell growth and survival. The lead compounds 
(compounds that affect the target) are chemically modified the produce 
closely related versions of the lead compound, which are then tested to 
determine the effective and fewest effects on nontarget molecules [85].

Targeted cancer therapy involves use of drugs or any other 
substance that can block the growth and spread of cancer by interfering 
with molecular targets [85,111]. However targeted therapy needs to 
work in where a tumour has a target for the drug and can fail if cells 
become resistant to the targeted therapy [79]. Overcoming resistance 
development in breast cancer targeted therapies is one of the challenging 
area in research with combination of different molecules targeting 
signalling pathways [1]. Systemic therapy can also be an option [87]. 
Though there are proven drugs, new drugs has been developed for 
combined treatment strategies against HER2. Herein is the need to 
research on key genes effecting proliferation and metastasis of breast 
cancer cells [2]. With increase in incidences of cancer and especially 
breast cancer [111] targeted therapy can work in circumstances wherein 
chemotherapy will not work [82]. 
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