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Abstract Breast cancer classifications are based on the presence or absence of estrogen receptor and 
progesterone receptor along with the overexpression or amplification of the Her2 receptor. Although the 
overall 5-year survival rate of breast cancer patients has increased due to the use of targeted therapies, a 
subset of patients can acquire resistance over time or are unresponsive when presented in the clinic. 
Novel therapies focusing on molecular pathways and cell cycle regulation currently being used in the clinic 
may lead to increased response in this subset of patients.  
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Mammary Gland Biology   
Breast cancer is a heterogenous disease, with no 
single cause. Breast cancer can be classified 
under histological or genetic/molecular 
factors1,2. Female breasts, otherwise known as 
mammary glands, undergo postnatal growth and 
development, with cycles of regeneration and 
development occurring throughout life3. 
Hormones and growth factors tightly regulate 
the regeneration and development of the 
mammary glands, promoting the activation or 
deactivation of various signaling pathways1,2,3.  
 
A mature female mammary gland is composed of 
rings of epithelial cells, called alveoli, which 
produce milk during pregnancy. Multiple alveoli 
grouped together form lobules that share one 
lactiferous duct. This duct is responsible for the 
transport of milk from the lobules to the 
nipples4,5. A two cell layer system is formed from 
the alveoli and ductal structures and is 
composed of an inner luminal epithelial layer 
and an outer myoepithelial layer. Luminal cells 
can differentiate into milk producing alveolar 
cells. Myoepithelial cells have higher 
contractility allowing them to force the milk 
proteins through the ductal network4. The 
network is enclosed in connective tissue, the 
extracellular matrix, and the stroma; which 
contain adipocytes, fibroblasts and 
inflammatory cells5. A large majority of breast 
cancers will arise in the epithelial cells of the 

ducts or lobules5. Understanding the regulatory 
cues and the signaling pathways within normal 
breast development and how they are altered in 
carcinogenesis is critical for the successful 
treatment of breast cancer.  
 
Current Molecular Classification of Breast 
Cancer 
The World Health Organization (WHO) classifies 
breast cancer into 17 histological subtypes, all of 
which encompass different types and grades of 
tumors6. Initially, breast cancer is classified 
according to its histology, either grouped into in 
situ carcinoma or invasive/infiltrative carcinoma. 
The two groups are further subcategorized 
depending on where in the tissue the cancer 
originated; in the ducts or in the lobules5. 
Following histology, pathologists subdivide 
cancers based on receptor and growth factor 
status with a specific focus on estrogen receptor 
(ER), progesterone receptor (PR), and human 
epidermal growth factor receptor 2 (Her2)5,7. 
Breast cancer can be subdivided into five main 
subtypes; luminal A, luminal B, Her2-enriched, 
basal-like, and claudin-low7.  
 
Luminal A 
Luminal A and luminal B breast cancers arise 
from luminal cells. Luminal A is the most 
prevalent subtype, making up approximately 
40% of breast cancers5,8-10. This subtype is 
characterized as ER/PR positive and Her2 low or 
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negative. Luminal A has low expression of the 
proliferation marker Ki67, with only half of the 
cases having a mutation in the p53 gene5,7. 
Patients have the best prognosis with the lowest 
recurrence rates11,12. 
 
Luminal B 
Luminal B breast cancers are characterized as 
having low ER expression, but positive 
expression for PR and Her25,8-10. Ki67 expression 
is normally high and 30% of patients have a 
mutation in p535. This subtype comprises 
approximately 20% of all breast cancer cases and 
patients tend to have a worse prognosis than 
luminal A patients, but still a high survival rate in 
comparison to Her2-enriched, basal, and 
claudin-low breast cancers5,8-11,13. 
 
Treatment of Receptor Positive Breast Cancers 
The high survival rates for luminal cancers comes 
from the ability to target these cancers on their 
receptors. Early stages can be treated with 
surgery and radiotherapy. Adjuvant therapy is 
usually administered to combat recurrence14,15. 
When cancers are positive for ER, treatment 
strategies include selective estrogen receptor 
modulators (SERMs), such as the drugs 
tamoxifen and fulvestrant, which antagonizes 
the ER to compete with estrogen binding, and 
aromatase inhibitors (AIs), which reduces the 
amount of estrogen circulating in the body16-19. 
 
Her2-enriched 
The Her2-enriched subtype comprises 
approximately 10-15% of all breast cancers. In 
the clinic, 60% of patients labelled as Her2 
positive will fall into this category. Only 30-40% 
of Her2-enriched patients will present with ER 
positive tumors, while the majority will have 
lower expression of ER and PR7,20. These tumors 
are normally characterized with high levels of 
Ki67, poorer prognosis and a higher and earlier 
rate of recurrence as well as increased 
metastasis7,20,21. The Her2-enriched subtype 
does not solely contain tumors where Her2 is 
amplified or a patient is Her2 positive; in some 
cases a Her2-negative patient will be categorized 

within this subtype due to similarity in gene 
expression profiles.  
 
Her2 is one of four receptors in the ErbB family 
of receptors. All receptors are categorized as 
receptor tyrosine kinases (RTKs), which respond 
to growth factors, cytokines, and other 
extracellular signaling molecules. Her2 can form 
homo- and heterodimers with other family 
members including Her1 or the epidermal 
growth factor receptor (EGFR)5,6,21. Her2 is the 
preferred binding partner for the other family 
members. Interestingly, the extracellular domain 
is always in an open confirmation and it is the 
only family member without a designated 
ligand22-24; however, patients positive for Her2 
can be treated with targeted therapy, such as the 
drug trastuzumab, which binds to and inhibits 
the dimerization of Her2 with other receptors25-

27. 
 
Aside from the subfamily of EGFRs, the family of 
RTKs is comprised of many subfamilies, such as 
fibroblast growth factor receptors (FGFRs), 
insulin and insulin-like growth factor receptors 
(IR and IGFR, respectively), and platelet-derived 
growth factor receptors (PDGFRs), to name a 
few28. RTKs mediate key signaling pathways, in 
particular RAS/MAPK (mitogen activated protein 
kinase) and RAS/PI3K/AKT pathways. 20-25% of 
breast cancers are found to have mutated RTKs, 
affecting downstream pathways and resulting in 
increased proliferation, survival, invasion, and 
metastasis29. RTKs are regulated through 
internalization, also known as endocytosis30. 
Internalization of RTKs into endosomes is slower 
than the recycling from endosomes back to the 
cell surface, causing an accumulation of 
receptors at the cell surface and easy 
accessibility of ligands to receptors31.   
  
Inhibiting the RTK signaling pathway has been a 
very attractive therapeutic strategy. It has been 
difficult to date due to the high rate of mutations 
throughout the pathway and the ability of the 
cells to adapt to the small molecule inhibitors; 
thereby, developing resistance through newly 
acquired mutations28. Although beginning with 
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monotherapy, more research is focusing on 
targeting multiple components of the RTK 
pathway as combination therapy. For instance, 
the inhibitor ONC201 binds to and inhibits the 
activity of AKT and the extracellular signal-
regulated kinase (ERK), which means it has the 
potential to inhibit both the PI3K and MAPK 
pathways. Clinical trials utilizing this inhibitor 
have begun for multiple types of cancer such as 
glioma, multiple myeloma, and endometrial 
cancer. Phase II trials on different types of breast 
cancer (NCT03733119, NCT03394027) were 
developed based on in vitro data showing that 
ONC201 destroys the mitochondria inside the 
cells while not affecting the normal cells32. 
Originally, ONC201 was identified as an inducer 
of transcription of the TNF-related apoptosis-
inducing ligand (TRAIL), which kills cancer cells 
through the activation of TRAIL death 
receptors33. However, further investigation 
utilizing this small molecule inhibitor on human 
breast and endometrial cancer cell lines showed 
this inhibitor induces phosphorylation of AMP-
dependent kinase and a loss of ATP.  They further 
showed mitochondrial respiration was inhibited 
and there was a decrease in mitochondrial 
DNA32. A phase I study showed no serious 
toxicity to breast cancer patients34, which shows 
promise for the active studies utilizing this 
molecule. Interestingly, in acute myeloid 
leukemia and mantle cell lymphoma cells, 
ONC201 did not exert its effects via TRAIL, but 
rather induced endoplasmic reticulum stress or 
integrated stress response-related genes35, 
which indicates the need to understand the 
different mechanisms a drug can utilize in 
different cancers.  
 
Basal-like 
Basal-like breast cancers were named based on 
similar features and cytokeratin expression as 
basal epithelia of the skin and airways as well as 
the basal layer of the mammary ducts7,15,20. This 
subtype is characterized by no expression of ER 
or PR, and no expression or amplification of 
Her2. However, these cancers do have positive 
expression of EGFR. This subtype comprises 
approximately 10-25% of all breast cancer cases. 

The majority have a p53 gene mutation and have 
a high proliferative capacity7. Basal-like breast 
cancers have been labelled as the subtype with 
the poorest prognosis. Targeted therapies do not 
exist and are normally treated with 
chemotherapy and PARP inhibitors. Patients 
with this subtype usually have high recurrence 
and metastatic rates and overall survival of 
patients is low, especially within the first 3 
years7. 
 
Claudin-low 
Originally, patients presenting with this subtype 
were classified as basal-like since they are 
ER/PR/Her2 negative36; however, further 
development using DNA microarray studies 
showed that a subset of tumors presented with 
low levels of the claudin genes, which are 
required for epithelial cell tight-tight junctions37. 
This subtype represents 5-10% of all breast 
cancers and have low expression of claudins 3, 4, 
and 738. E-cadherin, a protein also required for 
cell-cell junctions, is found to be low in this 
subtype7,15,20. This subtype has shown to have an 
increase in stem cell features, immune cell 
infiltration, and have representative features of 
epithelial-mesenchymal transition (EMT)36-37. 
Patients within this subtype have a poor 
prognosis and, without any targeted therapy, 
must rely on chemotherapy as a form of 
treatment7. 
 
Cell Cycle and Cancers 
All cells are regulated by the cell cycle to regulate 
the processes of growth, differentiation, 
senescence, and apoptosis. In cancer, there is a 
disruption of pathways driving the cell cycle39. 
Various alterations in the cell cycle can impact 
the growth characteristics of different types of 
cancers and also determines how the tumor will 
respond to therapies.  
  
The cell cycle is comprised of interphase (with 3 
distinct phases: G1, S, and G2), and mitosis (M). 
If conditions are not favorable, the cells will 
enter a state of quiescence (G0). Cells in G0 do 
not enter S phase and will stay metabolically 
active until they re-enter the cell cycle40. All 
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phases of the cell cycle are regulated by 
oscillating accumulation of proteins called 
cyclins, which are expressed and degraded at 
different phases41.  
  
The catalytic partner of a cyclin is called a cyclin 
dependent kinase (CDK), which is expressed at a 
constant, but inactive, level. The CDK has an 
active site where ATP binds, deep within a cleft. 
In an inactive CDK, a T-loop blocks the active site, 
suppressing its activity42,43. When a cyclin binds, 
a conformational change occurs, exposing the 
catalytic cleft for substrate binding44-47. Binding 
of a cyclin to its CDK partner does not fully 
activate the CDK. For full activation, the CDK 
requires posttranslational modifications. The 
CDK activating kinase (CAK) phosphorylates a 
threonine on the T-loop, which flattens the T-
loop and moves it near the cyclin. This 
conformational change creates a binding site 
that contains the consensus sequence 
((S/T)PX(K/R))43,44,46,48,49. Cyclins have a 
hydrophobic patch composed of an MRAIL motif. 
This motif binds to a CDK substrate if the 
substrate has a complementary RXL sequence. 
This interaction increases the binding affinity of 
the kinase with its substrate45, 49-54. Further 
action required for activation of the CDK includes 
the removal of inhibitory phosphorylation of 
threonine 14 and tyrosine 15 removed by Cdc25 
phosphatases49, 52-54. Specific formation of cyclin-
CDK complexes and their activation govern each 
phase of the cell cycle; G1 phase is controlled by 
Cyclin D-CDK4/6 (early to mid-G1) as well as 
Cyclin E-CDK2 complexes (late G1 and entry into 
S phase), S phase is controlled by Cyclin A-CDK2, 
and G2 phase is controlled Cyclin A-CDK1 and 
Cyclin B-CDK140, 55-58. 
  
Normally, the cell cycle is tightly regulated. 
Different phases of the cell cycle can be 
transiently inhibited by CDK inhibitors (CKIs). 
G1/S phase can be inhibited by the Cip/Kip family 
composed of p21Cip1, p27Kip1, and p57Kip1, which 
inhibit Cyclin E-CDK2 and Cyclin A-CDK2. These 
CKIs bind to both the MRAIL motif on the cyclin 
and a domain on the CDK. When bound, this 
alters the confirmation of the cyclin-CDK 

complex, providing limited access to the catalytic 
cleft58,59. The second family of CKIs is the Ink4 
family and is specific for CDK4/6. This family 
consists of p16Ink4a or its alternate reading frame 
(ARF) p14ARF, p15Ink4b, p18Ink4c, p19Ink4d, and 
p19ARF 59-61. This family binds to monomeric CDK4 
and CDK6, causing a conformational change, 
which will inhibit the ability of Cyclin D from 
binding to and activating the CDK59. Proper 
regulation of the cell cycle by these complexes 
have an important role in the initiation and 
progression of various cancers. Different 
therapies alter the cell cycle in order to promote 
apoptosis of tumor cells.      
 
Chemotherapies 
With over 100 different chemotherapies 
currently in use, overall survival of breast cancer 
patients has been significantly increased. 
Chemotherapies are designed to target rapidly 
dividing cells to inhibit the cell cycle and promote 
apoptosis. A major disadvantage of this 
treatment is the inability of the drugs to 
distinguish between a cancerous and a normal 
cell62.  
 
Alkylating Agents 
Alkylating agents, such as cyclophosphamide, 
will directly damage the DNA by adding an alkyl 
group to guanine base of DNA, which will form a 
cross-link. Cross-linked DNA will maintain a 
coiled position unable to separate, thereby, 
preventing DNA synthesis63. A major 
disadvantage of alkylating agents is their ability 
to cause long-term damage to the bone marrow 
of a patient, which can lead to acute 
leukemia64,65. 
 
Platinum based drugs, such as cisplatin, 
carboplatin, and oxaliplatin, are also considered 
a form of alkylating agents since they have a 
similar mechanism to damage the DNA66,67. The 
difference between platinum drugs and 
alkylating agents is platinum drugs do not have 
an alkyl group. When administered, one of the 
chloride ligands in the platinum drug is displaced 
by water, allowing the platinum molecule to bind 
to DNA bases, preferably guanine. This 
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interaction forms a DNA adduct, which then 
displaces the second chloride ligand, followed by 
binding of a second platinum molecule68. 
Platinum-DNA adducts interfere with cell 
division, triggering the DNA repair machinery, 
activating the apoptotic pathway if the damage 
cannot be fixed. These adducts do not get 
metabolized into harmful by-products, which 
provides a less toxic effect on normal cells and 
less likelihood of developing leukemia in the 
future66,67,69. 
 
Anti-tumor Antibiotics  
Anti-tumor antibiotics include anthracyclines, 
such as doxorubicin. These drugs have the ability 
to work in all cell cycle phases; however, they 
have a preference in interfering with DNA 
replication enzymes. Therefore, they prefer to 
exert their effects in S-phase70-72. Unlike 
alkylating agents, anthracyclines have 4 
mechanisms of action: I) they can inhibit DNA 
and RNA synthesis through intercalation72, II) 
they inhibit topoisomerase II, which is 
responsible for DNA separation71, III) they 
generate free oxygen radicals to damage DNA, 
protein, and cell membranes72, and IV) they 
promote histone eviction from chromatin to 
activate DNA damage repair or activation of 
apoptosis73. The disadvantage of this class of 
drugs is the possible permanent heart damage or 
an increased risk of developing a second cancer, 
such as myelogenous leukemia70,72. 
 
Mitotic Inhibitors 
As indicated by the name of this class, these 
inhibitors inhibit the M-phase of the cell cycle74. 
Most of these inhibitors are derived from plant 
alkaloids75. Paclitaxel, derived from the Pacific 
yew tree bark, is one of the most common types 
of mitotic inhibitors. Paclitaxel gets metabolized 
into 6-α-hydroxypaclitaxel, which then stabilizes 
microtubules and stops polymers from 
disassembly75,76. This causes a defect in spindle 
assembly, segregation of chromosomes, and cell 
division by blocking mitosis and delaying the 
spindle assembly checkpoint (SAC), which 
promotes apoptosis. A disadvantage of this class 

is the potential for peripheral nerve 
damage65,74,77,78. 
 
Synthetic CDK Inhibitors in Breast Cancer 
Treatment 
During cancer progression, many CKIs become 
deregulated and their targets, cyclin-CDKs, 
become elevated. This elevation contributes to 
treatment resistance to chemotherapy and even 
targeted hormone therapies61,79-81. Developing 
drugs that can reinstate the control CKIs have on 
the cell cycle is a beneficial treatment strategy, 
and is currently a hot topic in the clinical field. 
Synthetic CKIs are purine-based drugs that have 
been designed to mimic p21Cip1 and p27Kip1. 
These synthetic CKIs competitively bind to the 
ATP-binding site of CDKs, inhibiting its kinase 
activity82. Synthetic CKI selectivity is challenging 
due to the similarity of the active sites of the 
CDKs86.  
 
CDK4/6 Inhibitors 
The first documented clinical trial using CDK4/6 
inhibitors where they stratified patients based 
on molecular signature of the patient has been 
completed in ER-positive breast cancer87. This 
trial looked specifically for an amplification of 
Cyclin D1, a loss of p16, or both87,88. The 
stratification of the patients resulted in 
improved responses to the CDK4/6 inhibitor 
palbociclib (PD0332991)87,88. In vitro studies 
determined this inhibitor was able to inhibit the 
phosphorylation of the tumor suppressor 
retinoblastoma (RB) protein in MDA-MB-435 
cells, a melanoma-like cell line, as well as 
inhibiting the proliferation of human breast, 
colon, lung, and leukemia cell lines89-91. Further 
research has eluted to the anti-tumor immunity 
promoted by CDK4/6 inhibitors, confirmed 
through transcriptomic analysis of human 
biopsies from clinical trials. Treatment with 
CDK4/6 inhibitors suppresses the proliferation of 
regulatory T-cells; which will increase tumor 
immunogenicity and blocks immune 
checkpoints92.  
 
A phase II neoadjuvant trial assessing the 
addition of palbociclib to anti-estrogen 
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treatment anastrozole showed a significantly 
higher complete cell cycle arrest rate in 
comparison to anastrozole alone. Cell cycle 
control was significantly enhanced with the 
addition of palbociclib regardless of whether the 
patient was luminal A or B subtype. Resistance 
from this trial was only seen in patients with 
nonluminal subtypes94.   Similarly, in a follow-up 
study to a phase II trial to improve the outcomes 
of first-line treatment of ER-positive but Her2-
negative breast cancers treated with endocrine 
therapy and palbociclib, a phase III trial was 
conducted and found addition of palbociclib with 
letrozole resulted in longer progression-free 
survival in comparison to letrozole alone95.   
  
The majority of the research performed on 
CDK4/6 inhibitors focuses on luminal subtypes; 
however, it was recently discovered, through the 
use of Her2-overexpressing transgenic mouse 
models, cell lines, and clinical specimens, that 
recurrence of this disease is driven by the Cyclin 
D-CDK4/6 pathway92,93. The first line of 
treatment for Her2-overexpressing or amplified 
tumors is monoclonal antibody therapy, such as 
trastuzumab25,26. During times of recurrence and 
trastuzumab resistance, the tumors were found 
to have higher levels of Cyclin D1, but lower 
levels of p16. Resistance can be overcome when 
CDK4/6 inhibitors, abemaciclib or lapatinib, were 
used. Combination of abemaciclib with 
trastuzumab had a significant effect in survival in 
comparison to abemaciclib alone, which 
suggests that inhibiting CDK4/6 will re-sensitize 
the cells to trastuzumab96. Utilizing these 
inhibitors for more aggressive cancers could be a 
novel therapy that may have a role in increasing 
sensitivity and reducing recurrence. 
  
Similarly, recent research has shed some light on 
the effect on triple negative breast cancer 
(TNBC). TNBCs are characterized as being 
negative for ER, PR, and Her27,20. All claudin-low 
breast cancers are TN, while over 50% of all TNBC 
cases are basal-like. TNBCs are less 
differentiated, have a poor prognosis, a 
significantly increased rate of relapse within the 
first 3 years, and an increased proliferative 

capacity5,7,20,36. When palbociclib was tested in 
vitro on ER-positive (T47D) and TNBC (BT-549 
and MDA-MB-231) cells, proliferation of the ER-
positive cell lines was inhibited, whereas the 
inhibitor had no effect on TNBC cell 
proliferation97. Although these results were not 
unexpected, the inhibitor did reduce cell 
migration of the MDA-MB-231 cells. Patient-
derived xenograft (PDX) models implanted with 
human breast tumor biopsies showed, when 
untreated, metastatic lesions could be found in 
the liver, lung and ovary; however, after 
administering palbociclib, there was a significant 
decrease in both the liver and lung metastases97. 
These data suggest inhibiting CDK4/6 will not 
affect the size and proliferation of the primary 
tumor, but could inhibit metastases of tumor 
cells and be a novel therapeutic for metastatic 
TNBC.    
 
CDK1 and CDK2 Inhibitors 
Breast cancer contains a plethora of tumorigenic 
events that trigger proliferation through the 
recruitment of CDKs. Ample evidence has shown 
the need for CDK2 in the regulation of hormone 
positive breast cancers at the G1/S 
transition98,99. Recent research is now beginning 
to investigate the role of CDKs in hormone-
negative breast cancers, such as TNBCs. Initial 
synthetic CKIs were designed to inhibit multiple 
CDKs (pan-CKIs). The first generated synthetic 
CKI, flavopiridol, was found to induce cell cycle 
arrest in both G1 and G2 phases in vitro; 
however, significant cytotoxic effects were seen 
in vivo due to its ability to inhibit CDK7 and 
CDK9100. Combination therapy of flavopiridol 
with trastuzumab has shown cytotoxic synergy in 
cells overexpressing Her2101. Since flavopiridol 
may be working through Ras-dependent 
pathways, further work has investigated 
combination therapy of flavopiridol with 
Sorafenib, which is a multi-kinase small molecule 
inhibitor that can disrupt Ras-MAPK signaling. 
Flavopiridol potentiated cytotoxicity induced by 
Sorafenib, especially in cell lines containing 
EGFR/Her2 overexpression, constitutive 
activation of the Ras-MAPK pathway, or KRAS-
BRAF mutations102. Pre-clinical and clinical trials 
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utilizing flavopiridol as monotherapy have 
observed little success and significant toxic 
effects on normal cells83,85. Similarly, another 
pan-CKI, roscovitine, has been shown to 
accumulate cells in the G2/M phase of the cell 
cycle103, 104 and potentiate the anti-tumor effects 
of the chemotherapy drug, doxorubicin105. 
Although it predominately inhibits CDK2, it can 
also inhibit CDK1, CDK5, CDK7 and CDK982,105,106 
and has entered phase II clinical trials82,106. As 
combination therapy with various 
chemotherapies, pan-CKIs have not shown 
promising benefits to breast cancer patients, but 
have shown to be promising in phase II clinical 
trials in relapsed and refractory multiple 
myeloma107.  
  
A major limitation of synthetic CDK inhibitors in 
vivo and in vitro is the compensation of its 
activity by other CDKs108. This compensation can 
be partly attributed to the conservation of the 
CDK active site between different CDKs87. Second 
and third generation synthetic CKIs have started 
selectively targeting specific CDKs in pre-clinical 
studies; however, clinical trials utilizing specific 
synthetic CKIs is lacking. As previously 
mentioned, most clinical trials have focused on 
pan-CKIs and the majority focus on hormone 
positive breast cancer patients; however, dual 
inhibition of CDK1 and CDK2 has become an area 
of interest, especially to combat the 
compensation effect of kinases. Dinaciclib is a 
potent dual CDK1 and CDK2 inhibitor that is 
currently being used in many clinical trials for 
many types of cancers, including TNBC 
(NCT01624441). Although in vitro data has 
shown promising results, it has been seen to 
have severe toxicities in combination with the 
anthracyclin epirubicin in clinical trials109. 
Whether combination of dinaciclib with other 
chemotherapies will have similar toxic effects 
still remains to be elucidated. Currently, another 
clinical trial is testing its efficacy with the 
monoclonal antibody pembrolizumab in patients 
with low levels of ER and PR and those not 
overexpressing Her2 (NCT01676753). Although 
this trial is ongoing, the future results will add 
another piece to a very intricate and elaborate 

puzzle in determining effective therapeutic 
strategies for aggressive breast cancers. Without 
a complete understanding of how these 
synthetic CKIs function in vivo and their off target 
or compensatory effects, utilizing these 
molecules in clinical trials will require further 
investigation at the molecular level.  
 
Conclusions  
Breast cancer remains the second leading cause 
of death among women. With the gross 
heterogeneity and multiple subtypes, treatment 
regimens are highly dependent on multiple 
factors including their molecular and 
histopathological characteristics of the cancer. 
As research has explored various molecular 
pathways, new developments are combining 
these pathways with cell cycle regulators. Cell 
cycle properties of breast cancer tumors/cells is 
a highly important aspect in understanding 
whether a specific treatment regimen will work 
and how altering the cell cycle could not only be 
a novel form of therapy, but could enhance the 
efficacy of current therapies. Reintroduction of 
lost/downregulated CKIs in cancers through the 
use of synthetic CKIs is a newly emerging form of 
therapy87. If proven effective, synthetic CKIs can 
be an invaluable tool to promote a homeostatic 
state by triggering apoptosis in cancer cells. 
Currently, a lack of understanding in the exact 
mechanism of CKI activity and the CDKs they 
inhibit is a major pitfall for the use of these 
molecules. As more research of the cell cycle and 
its regulators develops, a better understanding 
of the proper combinations and timing of 
therapies can be discovered.  
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