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ABSTRACT

Background: Breast cancer is considered as the most common ailment in women across
the globe. There are a variety of major factors for the growth and progression of breast
cancer. Although genetic changes are key factors for cancer progression, epigenetic and
environmental factors also have their fair share of contribution. Hypothesis: An attempt
has been made in the review to highlight about small molecule polypharmacology for
the treatment of breast cancer which is the design of small molecules (molecular weight
<900Da) that aim for two or more cancer targets (tyrosine kinases). Small molecules
are advantageous over conventional chemotherapy with higher target specificity, lesser
known side effects, simplified dosing schedule, non-invasive dosing and improved patient
compliance. Results and Conclusion: Small molecules have been introduced since the
past two decades and has been a potential success in the field of cancer chemotherapy,
but there are lot more to explore. The review mainly focuses on the essential cellular
signaling pathways involved in breast cancer progression and the recent small molecule
inhibitors that show promising activity against the pathways.

Key words: Breast cancer, Small molecules, Polypharmacology, Tyrosine kinases,

Chemotherapy.

INTRODUCTION

Breast cancer is considered as the most
common ailment amongst women in both
developing and developed countries. As per
GLOBOCAN statistics (2012), amongst
25% (1.67 million) of new cases of can-
cer, breast cancer caused 15% (522,000) of
all cancer deaths in women.! Breast cancer
being a heterogeneous disease shows a great
extent of tumor complexity. It is therefore
needed to elicit a better response with treat-
ment strategies in patients.” According to
the profiling of gene expression, breast
cancer has been classified into four types:
luminal A, luminal B, basal-like breast
cancer and HER-2 overexpressed breast
cancer. Luminal A being the most common
type consists of ER and/or PR positive,
HER-2 negative and Ki-67 expression less
than 14%. Luminal B is considered the
second most common consisting of ER

and/or PR positive, HER-2 negative and
Ki-67 greater than or equal to 14%. Basal like
which is also known as triple negative breast
cancer (INBC) has ER, PR and HER-2
negative genes. HER-2 overexpressed type is
uncommon and consists of ER, PR negative
and HER-2 overexpression.’” The men-
tioned classification of breast cancer vaties
in their phenotypes which can prognose for
the drug response, survival rates and treat-
ment strategies.*

TNBC or basal like breast cancer is char-
acterized by high grade metastatic tumors
which affects lymph nodes much more than
the other subtypes. It also comes with a
poor prognosis of progression free and/or
overall survival.® Although basal-like breast
cancer has a poor prognosis, the main form
of treatment is systemic chemotherapy. The
other subtypes of breast cancer (luminal A,
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luminal B and HER-2 overexpressed) are treated with
targeted therapy.® In this review, we try to highlight the
chemical classification of small molecules in the treat-
ment of breast cancer along with their multi target
effects on various proteins in molecular cellular signaling
pathways of breast cancer initiation and progression.

Chemotherapy of Breast Cancer

Chemotherapy made its way between 1960-1980 where
Tamoxifen (1971) was introduced as a potent ER inhib-
iting agent Then, the first rationalized targeted therapy
for breast cancer came with the development of Trastu-
zumab, which is a humanized form of anti-p185 HER-2
monoclonal antibody. Being highly HER-2 specific,
Trastuzumab showed higher benefits in case of breast
cancer with elevated HER-2 levels.” Taxanes (Paclitaxel,
Docitaxel, Nab-Paclitaxel) were introduced in the 1990s
and Paclitaxel was marked as a potent agent for the treat-
ment of Metastatic Breast Cancer (MBC). The vatious
treatment options for stagewise breast cancer is given in
Table 1. The recent upcoming treatment options for
breast cancer include Urokinase plasminogen activators
and plasminogen activator inhibitors-1 which are con-
sidered as new prognostic markers. The decrease in the
concentration of markers predicts that there will be a
decrease in cancer recurrences.® Also, the expression
of 21 genes (genes selected from published literature
of cancer patients, databases and gene expression find-
ing that had 5 control and 16 cancer associated genes)
is measured by an oncotype DX assay which gives the
prediction whether chemotherapy will prove to be less

Table 1: Chemotherapeutic drugs used for different
stages of breast cancer.

Breast Cancer | Chemotherapeutic Other treatment
Stage agents options
0 In situ Tamoxifen, Taxanes’® Annual
Paclitaxel® mammography
and clinical breast
examination’”
Early Paclitaxel, Docetaxel, Breast conserving
invasive Doxorubicin, surgery, Radiation
stage Cyclophosphamide, therapy?®
5-Fluroruracil,
Epirubicin®
1l Invasive Tamoxifen with or Mastectomy,
stage without aromatase Radiation therapy”
inhibitors’
] Locally Bevacizumab, Radiation therapy®
advanced Paclitaxel,
stage Capecitabine®
IV | Metastatic Biphosphonates, Radiation therapy,
stage Trastuzumab’ Endocrine therapy?®
Taxanes,
Anthracyclines®
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beneficial for node negative patients.” PARP (Poly ADP
Ribose Polymerase) inhibitors are introduced as potent
anti-cancer agents which are small molecules that mimic
the action of nicotinamide that binds irreversibly to the
NAD+ site of PARP 1 and 2, hereby hindering PARyla-
tion and leading to DNA repair. PARP inhibitors, Olaparib,
Talazoparib, Veliparib, Ipatasertib, Bupatlisib, Atezoli-
zumab, Durvalumab, Pablociclib have been clinically
tested in Hormone Receptor (HR) Positive (ER and PR
positive) breast cancers. Histone deacetylation medi-
ates the loss of ER expression in breast cancer which
causes hormonal resistance in ER positive patients. His-
tone Deacetylase (HDAC) inhibitors are used to block
the activity of the enzyme, upregulate ERa expression
and block growth factor signaling pathways. Entinostat
and Vorinostat are the HDAC inhibitors used in breast
cancer chemotherapy. Studies reported that expression
and activity of steroid sulfatase was highly increased
in breast cancer patients. Steroid sulfatase is an enzyme
that is involved in the conversion of sulfate conjugated
enzymes (inactive form) into estrogenic non-conjugate
from (active). Other advances include the use of mono-
clonal antibodies (MADbs): Patritumab (anti-HER-3
MAD), Margetuximab (Anti-HER-2 MADb) and Pem-
brolizumab, farsenyl transferase inhibitors (Lonafarnib)
that prevents Ras activity by farsenylation.

Small Molecules Polypharmacology in Breast Cancer

A small molecule is an organic compound having a
molecular weight less than 900 Daltons."” Small mol-
ecules are becoming an emerging trend for the treat-
ment of cancer as they provide enhanced target
specificity due to their small size and low molecular
weight. They can easily target the extracellular proteins,
cell surface ligand-binding receptors and also the
intracellular proteins that play a vital role in the anti-
apoptotic  pathways. have been
reported to target serine/threonine/tyrosine kinases
that are critical cancer targets. Other proteins that are
reported to be targeted by small Molecules are Metallo-
proteinases (MMPs), proteasomes, Heat Shock Proteins
(HSPs) and proteins playing part in signal transductions.

Small molecules

A certain example of small molecule comes under the
class of tyrosine kinase inhibitors. Protein kinases are a
family of enzymes that phosphorylate their substrates.
They ate classified into three major types: Serine/ threonine
kinases, tyrosine kinases and dual specificity protein
kinases. The first type of kinase phosphorylates either
a serine or threonine amino acid, the second type
phosphorylates the kinase amino acid and the third
type can phosphorylate both residues.'” Kinases atre
recognized as critical targets for cancer because of their
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vital role in the regulation of cellular growth, metabolism,
differentiation, migration and survival. The ERBB
family belongs to receptor tyrosine kinases which
consists of 4 subgroups: EGFR/HER1 (Epidermal
Growth Factor Receptor), ERBB2/HER2, ERBB3/
HER3 and ERBB4/HER4. These phosphortylated proteins
have the capability to trigger certain downstream
regulatory pathways: PI3K/Akt (Phosphoinositide-3-
kinase) and Akt also known as PKB (Protein Kinase B),
Ras/MEK/ERK, JAK (Janus Kinases)/STAT (Signal
Transducer and Activator of Transcription Proteins)
and PLCy (Phospho Lipase C)/PKC (Protein Kinase C).
These pathways have a major act in all sorts of cellular
processes such as cell survival, regulation, differentiation,
proliferation, angiogenesis, motility, apoptosis, invasion
and adhesion.” The schematic diagram of breast cancer
pathways with their downstream signaling is shown in
Figure 1 and the cascade of apoptosis inducing reactions
and the effect of small molecules on them are shown
in Figure 2. These pathways are also responsible for the
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Figure 1: Summarized small molecules targeted therapy
effective against breast cancer. Schematic representation
of breast cancer progression pathways along with small
molecule inhibitors against the critical targets.
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Figure 2: Schematic diagram of cascade of reactions taking
place for apoptosis along with the small molecules having
apoptosis inducing activity in cancer cells.

upregulation of epithelial mesenchymal transition, a
gene that marks the beginning of carcinogenesis, invasion
and metastasis."* Out of all the different types of ERBB
family subgroups, EGFR and HER2 are commonly
overexpressed in many forms of cancer, such as breast
cancer, hence drawing attention as an important target
against cancer.” The small molecule receptor tyrosine
kinase inhibitors act by competing with ATP in binding
to the kinase domain of the receptor.' This prevents
the autophosphorylation of the receptor which acti-
intracellular functions. ATPs are present in
higher concentrations in the cell so in order to func-
tion efficiently, small molecules must be administered in
higher doses.'” Also, small molecules have the privilege
of lesser invasive administration route as they are orally
active compounds.'®

vates

Combination chemotherapy consists of more than one
drug regimens to target multiple cancer pathways but
there are a lot of problems faced along with it, patient
incompliance being the major one. The non-specificity
in cancer targets leads to higher toxicity as the drugs
act on normal as well as cancer cells. Also, most of the
chemotherapeutic agents are given intravenously and
are given in combinations which makes them tiresome
and highly patient incompliant. To overcome with the
situation, small molecules can be designed in a manner
by which multiple cancer targets can be aimed for
the prevention and improved prognosis of cancer.
Polypharmacology is the term coined for the designing
of a single molecule that is capable of interact-
ing with multiple targets simultaneously and specifi-
cally.”” “Small Molecule Polypharmacology (SMPP)” is
the design of a compound that will have a molecular
weight less than 900 Daltons with more than one
critical cancer targets. There are several advantages of
polypharmacology over combination chemotherapy.

agents better
towards their targets in lethal diseases, like cancer. The
pharmacokinetic profiles of these agents come with
improved prediction level and safety profile. Molecule-
based adverse effects can be overcomed by implementing
polypharmacology as there is a single molecule. Toxicity
of treatment can be reduced to an impressive extent as
there are no multiple drug regimens showing adverse
drug interactions and negative synergistic actions. The
intensity of development of target-based resistance is
statistically decreased in polypharmacology when
compared to single-target drugs. Dosing schedules
are simplified and improved patient compliance is
achieved comparatively to combination therapies,
especially in case of chronic diseases like cancer. There
is a possibility of decreased length of treatment due to

Polypharmacological have efficacy
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higher efficacy and target achievement of drug with a
decrease in cost of drug due to lesser developmental
issues. If we focus on drug formulation manufacturing
process, there will be an ease in the evaluation of
pharmacokinetic and pharmacodynamic properties
of the molecule because of it being a single chemical
entity rather than being a combination. Also, the
manufacturing cost will be decreased as a single entity
is easier to formulate than a mixture.*’ The concept of
polypharmacology is relatively young and has grown
massively in the last decade, specifically in the treatment
of cancer and depression. The success has drawn attention
towards single molecules with multiple targets which are
compatible with both safety and efficacy issues.”!

Chemical Classification of Small Molecules: Potential
to have Anti-Breast Cancer Activity:

(i) Quinoline derivatives: Quinoline is an aromatic,
nitrogen-containing compound which has pharma-
cologically proven activities like anti-bacterial, anti-
fungal, anti-malarial, anti-convulsant, analgesic and
anti-inflammatory.” Quinolines have been extensively
studied for anti-cancer action and has been reported
to show competitive binding activity towards ERa.”
Quinolines have also been reported to possess selec-
tive cyclooxygenase (COX-2) inhibition activity and has
been tested to have znz-vitro anti-breast cancer activity
by inhibition of phosphoinositide specific phospholipase
Cy enzymes by arresting the cell cycle at G2/M phases.**
Studies also reported aromatase and aldosterone synthase
inhibition potential by quinolone compounds.” A few
examples of quinoline compounds which are effec-
tive against breast cancer are Berberine, Camptothecin,
Chelidonine, Chelerythrine, Lavendamycin, Nitidine
and Sanguinarine.”® Berberine is a small molecule
having a molecular weight of 336.36 Daltons which
shows multitargeted anti-cancer action. It inhibits
HER-2 receptor action which has a key role in breast
cancer development. It also acts on proteins, PI3K,
Ras, Raf-1, MEK and cyclin D1 which are important
proteins involved in cell signaling pathways.”” Berberine
induces apoptosis, both in a caspase independent
manner that increases ROS level by JNK/p38 MAPK
signaling pathway and also by the activation of
caspases-3,8 and 9 by the expression of both Fas and
FasL. Berberine also has a role in the deactivation of
two major caspase inhibitors, c-IAP1 and XIAP hereby,
promoting apoptosis.”® Camptothecin is a plant alkaloid
that targets the enzyme, DNA topoisomerase I (enzyme
required for DNA single strand breakage and reduction
in supercoiling). Camptothecin shows S-phase specific
covalent

cytotoxicity by formation of cytotoxic
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camp-top1-DNA intermediates. Accumulation of this
intermediate (camp-top1-DNA) activates the path-
ways related to DNA damage and leads to DNA dam-
age.”” Chelidonine is an isoquinoline compound which
forms as a secondary metabolite in the source plant
and has shown potent anti-cancer potential in a vatiety
of malignancies (gastric, breast etc.). Chelidonine has
been reported to overexpress p53 onco-suppressor
initiates apoptosis and autophagy.”’
Chelerythrine is an alkaloidal drug isolated from a
herb and has been reported to show potent anti-tumor
effect against breast, colon and prostate cancers. It
shows inhibitory action for protein synthesis and cell

gene which

cycle progression. It also activates signaling pathways
such as JNK/p38 MAPK and MEK/ERK1/2 leading
to apoptosis induction in cancer cells. It has also been
reported to cause bimodal cell death and G1-phase
cell cycle arrest in leukemia cells.” Nitidine is a natu-
rally occurring quinoline compound which has proven
actions like anti-tumor, anti-leukemic, anti-inflammatory
and anti-HIV. Nitidine has been reported to show
anti-cancer activity by decreasing cell growth, apoptosis
induction, cell-cycle arrest and DNA ligase activity
inhibition in cancer cells. In recent research, it was also
proven that Nitdine blocked c-Stc/FAK signaling
pathways hereby, inhibiting the activity of matrix
metalloproteinases, MMP-9 and MMP-2.%* Sanguinarine
is an alkaloidal compound that has displayed cardiac,
anti-tumor and antihypertensive actions. Sanguinarine
has proven action against breast cancer which shows
that it has TPA induced MMP-9 and COX-2 expression
which is caused by the blocking of NF-kB, Akt and
ERK1/2 signaling pathway. It also inhibited that migra-
tion and invasion of breast cancer cells where the
anti-invasive action was due to induction of HO-1
expression.”

(i))Quinazoline derivatives: Quinazolines are heterocyclic
compounds with a benzene ring fused with pyrimidine
ring and are known to have various pharmacological
activities such as sedative, hypnotics, anti-convulsant,
anti-inflammatory, analgesic, anti-cancer, anti-microbial,
anti-viral, anti-tubercular etc.’® They are reported to
show anti-neoplastic action by folate metabolism
inhibition, tyrosine kinase inhibition, induction of
apoptosis and by blocking topoisomerase function.” A
few examples of small molecule quinazoline derivatives
that are active against breast cancer are: Erlotinib,
Lapatinib, Gefitinib, Canertinib and Dasatinib. Erlotinib
is an orally active small molecule which has EGFR
tyrosine kinase inhibitory action. Erlotinib functions
by blocking certain signal transduction pathways essential
for cancer cell survival and proliferation. It also causes
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cell cycle arrest in the G1 and S phases.” Lapatinib is
a small molecule dual tyrosine kinase inhibitor which
has oral activity against breast cancer cells. It targets
for both EGFR and HER-2 receptors and inhibits
their downstream cell signaling pathways.”” Gefitinib is
also an active small molecule which possesses reversible
action against EGFR tyrosine kinase. It autophos-
phorylates the EGFR hereby, blocking its downstream
pathways.”® Canertinib is a small molecule irreversible
inhibitor of tyrosine kinase which was designed to
inhibit all the four pan-ErbB family members providing
it better specificity than single ErbB inhibitors. It
binds covalently with the specific cysteine residues in
the ATP-binding pockets of EGFR and inhibits their
kinase activity and downstream signaling.””’ Dasat-
inib is an orally acting small molecule tyrosine kinase
inhibitor which has its action against various TKs such
as ABL, Src, ¢-KIT, PDGFR-a, PDGFR-f etc. It is an
approved molecule for the treatment of Acute Myeloid
Leukemia (AML). Studies showed that Dasatinib
inhibited both ABL and Src TKs in breast cancer
patients and also showed its effect on STATS, platelet
derived growth factors and c-KIT.*

(iii) Pyridine derivatives: Pyridines are heterocyclic
compounds that have reportedly shown anti-cancer
activities.* According to research, non-fused pyridines tend
to show better actions, like inhibition of VEGFR-2
and initiation of Akt and eNOS, hereby suppressing
VEGF dependent migration and proliferation.” A few
examples of small molecule pyridine molecules which
used as effective anti-cancer agents are Sorafenib,
Regorafenib, Vismodegib and Crizotinib.* Sorafenib
and Crizotinib have been reported to show anti-breast
cancer potential. Sorafenib is a multi-kinase inhibitor
which has inhibitory potential against VEGFRs
(vascular endothelial growth factor receptors), PDGIRs
(platelet derived growth factor receptors), serine/
threonine kinases and suppression of angiogenesis
and tumor cell proliferation. Crizotinib is an orally
active small molecule tyrosine kinase inhibitor that has
shown potent anti-angiogenetic, anti-proliferative and
cytotoxic activities in various malignancies. Crizotinib
has been reported to inhibit ALK, MET and ROS-1
kinases.* Studies that 20-30% of breast
cancers have an elevated level of MET (receptor of
HGF-Hepatocyte growth factor) and shows poor
prognosis of disease in patients will lesser sutrvival rates.*

showed

(iv)Imidazole derivatives: Imidazole is an aromatic
alkaloid and diazole with proven anti-cancer poten-
tial. Imidazole compounds have also reported to show
many other pharmacological activities like anti-tubercu-
lar, anti-fungal, anti-bacterial, anti-parasitic, anti-viral,

anti-obesity, anti-neuropathic, anti-hypertensive, anti-
inflammatory, etc. Some examples of small molecule
imidazole compounds which have reported activity
against breast cancer are: Temozolomide, Zoledronic
acid, Mercaptopurine, Nilotinib and Tipifarnib.*
Temozolomide is an orally bioavailable imidazole
derivative molecule which has alkylating activity and
has the capability to cross blood brain barrier (hence,
also used in brain tumor treatment). The drugs that
are used for the treatment of metastatic breast cancer
(Capecitabine, Vinorelbine, Herceptin, Gemcitabine
and Trastuzumab) does not penetrate the blood brain
barrier and has no role in prevention of breast cancer
metastasizing into the brain. Temozolomide functions
by deactivating the enzyme O6-alkylguanine DNA alkyl-
transferase (MGMT) which is a DNA repair enzyme.
Breast tumors treated by Temozolomide have been
found to have high levels of MGMT so as to repair
the crosslinking caused by alkylation.”” It also plays
a role in the inhibition of PARP (enzyme catalyzing
Nicotinamide Adenine Dinucleotide (NAD™) dependent
ADP-ribosylation of DNA. PARP also has a role in the
activation of BER which prevents double strand breaks
along with direct prevention of double strand breaks.*
PARP expression is elevated in the presence of various
cases of malignancies. PARP inhibitors act as potent
catalytic inhibitors by competing with NAD* for PARP
substrate binding site.* Zoledronic acid is a nitrogen
containing imidazole which has osteoclast dependent
bone resorption inhibitory activity. Breast cancer
metastasis is mediated by dysregulation of mitochondrial
dystegulation and TGF-f/SMAD signaling. It might
also be related to hypoxia which results in tumor
progression and resistance from chemotherapy.”’
Zoledronic acid was reported to inhibit ERK1/2
phosphorylation both 7z vive and in vitro in breast cancer
cells. It was also found to enhance the activity of anti-
estrogen therapy in ER positive breast cancer patients
by suppressing HIF-1a.”! Nilotinib has been reported
to show anti-cancer activity better in combination
with antibodies. Nilotinib showed suppression of
vessel maturation. It also showed 7z vivo anti-angiogenic
potential but that was not due to direct effect of the
drug on the tumor epithelium but rather because of
indirect effect on the tumor stroma/cells.” Tipifarnib
is an orally active small molecule that is a farsinyl
transferase competitive inhibitor. Farsenyl transferase
inhibitors function by the inhibition of Ras pathway
which leads to blockade of cancer cell proliferation.
Tipifarnib suppressed the expression of HIF-lot in
the protein and mRNA levels and their following
downstream genes (LDHA, PDKI, Glut 1, Snail).”
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Figure 3: Chemical structures of Quinoline, Quinazoline,
Pyridine and Imidazole derivative small molecules used in the
treatment of breast cancer chemotherapy.

The chemical structures of the mentioned Quinoline,
Quinzoline, Pyridine and Imidazole derivatives are
shown in Figure 3.

(v)Indole derivatives: Indoles are aromatic heterobi-
cyclic compounds having a six membered ring fused
to a five membered pyrrole ting.* Naturally occurting
indoles function as signaling molecules in plants. Its
synthesis is done by Fischer indole synthesis which is
the oldest method for indole synthesis.” Indoles have
been reported to show anti-cancer potential in many
studies when propetly substituted. It was first isolated
trom Catharanthus roseus (vincristine, vinblastine) and
has shown anti-cancer effects as tubulin targeting
properties.”® Some of the naturally occurring indoles
having anti-cancer action are Indole-3-carbinol (I3C),
3’,3-Diindolylmethane (DIM) and Ascorbigen which
have Akt and NF-xB dependent signaling inhibitory
potential. Small molecule indole compounds active
against breast cancer are Staurosporin, Sunitinib,
Enzastaurin, 13C and DIM. Staurosporin is a potent
apoptosis inducing compound which showed decreased
expression of anti-apoptotic protein Bel-2 which led to
the elevation of pro-apoptotic proteins (Bax/Bcl-XS) in
a time dependent manner.”” Sunitinib is a small molecule
kinase inhibitor which has the potential to inhibit the
potent mutant kinase, KIT along with VEGF receptors.™
Enzastaurin is an acyclic bisindolylmaleimide that com-
petes for ATP binding site of PKC hereby, preventing
substrate phosphorylation. Enzastaurin has been
reported to inhibit tumor growth and angiogenesis in
both 7 vitro and in vive preclinical models. It has been
found to have most potent action against PKC-f and
has shown potent endothelial cell proliferation inhibitory
potential as compared to tumor cell proliferation
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Figure 4: Chemical structures of Indole derivative small
molecules and other miscellaneous small molecules used in
breast cancer chemotherapy.

inhibition.”” I3C is a natural indole compound which is
an indole glucobrassicin hydrolytic metabolite that has
reported activity of proliferation suppression and apop-
tosis induction. It also possesses pleiotropic effects on
cell signaling and physiology. DIM is a metabolite of
13C and both the indoles have inhibitory potential for
Akt and NF-xB dependent signaling, I13C and DIM has
also been reported to activate AhR which suppresses
estrogen induced proliferation through transcriptional
downregulation and proteasome degradation of ERa.
13C also activates AhR and increases CYP450 (CYP1A1
and CYP1A2) expression that alters estrogen metabolism
which decreases breast cancer risk. There are other
inhibitors that are
active against breast cancer: Triptolide, Pazopanib,
Pablociclib, Ribociclib and Abomaciclib. The chemi-
cal structures of the mentioned Indole derivatives and

miscellaneous small molecule

some miscellaneous small molecule inhibitors are shown
in Figure 4.

Delivery of Small Molecules to target site of cancer

Although, small molecules have better target reaching
ability by translocating in the cellular plasma membranes
in comparison with larger molecules but their target
specificity can be further enhanced by incorporating
them into certain delivery systems. Delivery systems
also help in the management of poor bioavailability
and toxicity issues.”’ Incorporating the small molecules
into a delivery system allows the drug for a controlled
gives protection against degradation and
decreases uptake of drug non-specifically to undesirable
tissues.”! Some of the examples of delivery systems
in which small molecules can be incorporated are
nanoparticles, layer-by-layer nanoparticles, liposomes
and Small Molecules Drug Conjugates (SMDCs). For

release,
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making EGFR as a target for the treatment of breast
cancer, GE11 peptides are conjugated with PEGylated
polylactic-co-glycolic acid (PLGA) in the form of
nanoparticles. This has been implemented on plant
derived small molecule, curcumin and has been tested
against breast cancer cell line EGFR expressing MCF-7
cells (7n-vitro) and also in in-vive studies. Layer-by-layer
nanoparticles serve as a clinically potential delivery
system by utilizing sequentially deposited oppositely
charged polymers by building an extreme stable film
with siRNA content in a nano sized core. This can
be further engineered for better tumor targeting and
modulating desired drug release from the core that
has an enhancing effect on bioavailability. Layer-by-layer
nanoparticles are a tunable multi drug delivery device.”’
Liposomes are another choice for small molecule
delivery. They are phospholipid bilayer vesicles that
surrounds and aqueous compartment and encapsu-
lates both lipophilic and hydrophilic molecules.®* Small
Molecule Drug Conjugates (SMDCs) are an established
perspective for the delivery of small molecules into the
tumor site. SMDCs have the privilege of being
non-immunogenic in nature, lesser molecular weight
and manageable synthesis with an increased capability
to reach solid tumors.®

CONCLUSION

Small molecules have been introduced as a treatment
strategy since the past few decades and has been a success
so far. The small molecules target the intracellular
pathways which deregulate the signaling mechanisms
of cancer progression. They act on multiple proteins
which play important roles in cancer cell survival and
proliferation. In this review, small molecules are
classified into chemical moieties: quinoline, quinazoline,
pyridine, imidazole and indole and these moieties
have various mechanisms of action i.e. inhibition of
VEGFR-2 receptors, tyrosine kinases, HER-2 recep-
tor activity etc. These molecules also affect by initiating
apoptotic caspases. A single molecule has its effect over
several critical cancer targets which brings in the advan-
tages of polypharmacology that brings in a simplified
treatment regimen, target specificity, oral administration
and better patient compliance. The rate of innovation
in anti-cancer treatment comes at a very slow pace. This
is leading to an urgent requirement for recent advances
as the cancer death rate in middle and lower economy
countries has reached more than 60%. Further research
on small molecules should focus on novel cancer path-
ways and their drug targets along with an attempt made
to improve the drug efficacy.
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SUMMARY

Breast cancer is a major problem all around the
globe. There is a desperate need for new innova-
tions for the treatment of breast cancer.

The emerging trend in the treatment of cancer is
small molecules which have very less molecular
weight and shows their target specificity at cel-
lular levels.

The review focused on emerging new small mole-
cules and their multitarget action towards various
receptors which could be a useful weapon in the
future in the combat against breast cancet.
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