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Introduction
Breast cancer is the most prevalent cancer worldwide 
affecting 2.3 million women in 2020.[1] When breast 
cancer lacks the expression of estrogen receptor (ER), 
progesterone receptor (PR) and human epidermal growth 
factor receptor 2 (HER2), it refers to triple-negative 
breast cancer (TNBC). TNBC accounts for 10–20% of 
breast cancer cases diagnosed worldwide.[2] TNBC is 
heterogeneous and aggressive among all breast cancer 
subtypes with six TNBC subtypes such as luminal 
androgen receptor (LAR) type, basal-like 1 & 2 (BL1, 
BL2), mesenchymal (M) type, mesenchymal stem cell 
(MSL) type and immunomodulatory (IM).[3] Lehmann 
et  al. confirmed four TNBC subtypes using 198 TNBC 
cell lines namely luminal androgen receptor (LAR) type, 
basal-like/Immune activated (BLIA), basal-like/immune-
suppressed (BLIS) and mesenchymal (M) type.[4] Further 
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Triple negative breast cancer (TNBC) is a divergent disease which lacks receptor for estrogen (ER), 
progesterone (PR) and human epidermal growth factor receptor 2 (HER2). It constitutes about 15-20% 
of total breast cancer cases globally which mainly strikes younger women. Due to its aggressive nature, 
the standard choice of treatment for TNBC is chemotherapy, but the same has very poor prognosis due to 
risk of tumor recurrence, metastasis and death. To direct the line of research to get pathological Complete 
Response (pCR) and increase the quality of life (QOL) years of cancer patients, it is necessary to understand 
the molecular pathways and their down signalling pathways which can be targeted. Triple negative breast 
cancer involves several signaling pathways leading to tumor initiation, proliferation, and metastasis 
such as Ras/Raf/MEK pathway, PI3/AKT/mTOR pathway, DNA repair pathway, Wnt/β-catenin Pathway, 
Hedgehog pathway, Notch signalling pathway and immune pathway. Currently available treatment for triple 
negative breast cancer comprises chemotherapy in combination which includes anthracyclines, platinum 
compounds, folate antagonist, taxanes, cyclophosphamide and others. The present review focuses on the 
molecular aspect of TNBC subtypes and targets. Also, the ongoing clinical trials along with the completed 
clinical trials targeting different pathways for the treatment of TNBC patients are discussed. 

International Journal of Pharmaceutical Sciences and Drug Research, 2022;14(2):290-299

Contents lists available at UGC-CARE

International Journal of Pharmaceutical 
Sciences and Drug Research

[ISSN: 0975-248X; CODEN (USA): IJPSPP]

         Available online at www.ijpsdronline.com

*Corresponding Author: Prof. Jigna S. Shah
Address: Department of Pharmacology, Institute of Pharmacy, Nirma University, Ahmedabad- 382481, Gujarat, India
Email : jigna.shah@nirmauni.ac.in 
Relevant conflicts of interest/financial disclosures: The authors declare that the research was conducted in the absence of any commercial or 
financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 P Patel et al. This is an open access article distributed under the terms of the Creative Commons Attribution- NonCommercial-
ShareAlike 4.0 International License which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited 
and the new creations are licensed under the identical terms.

A B S T R A C TA R T I C L E  I N F O

gene expression analysis helped in the identification of 
cell lines representative of each TNBC subtype for the 
evaluation of therapeutic treatment and targets. 

BL1 tumors consist of genes responsible for cell 
proliferation such as v -Myc avian myelocytomatosis viral 
oncogene homolog (c-MYC), NRAS, Aurora A/B (AURKA/B), 
TTK protein kinase (TTK), polo-like kinase 1(PLK1) and 
baculoviral inhibitor of apoptosis repeat-containing 5 
(BIRC5) accompanied by elevated DNA-damage response 
pathway genes such as Checkpoint Kinase 1 (CHEK1), 
RAD51 recombinase (RAD51), nibrin gene (NBN), mutS 
homolog 2 (MSH2) and DNA repair and recombination 
protein RAD54 homolog B (RAD54B). High expression of 
Ki-67 protein makes BL1 the most aggressive subtype. 
The BL1 tumors are more sensitive and responsive 
to antimitotic agents like taxanes[5,6] and platinum 
compounds. Basal like-2 tumors are characterized by 
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genes involving growth factor signaling such as epidermal 
growth factor receptor gene (EGFR), hepatocyte growth 
factor receptor gene (MET), ephrin type-A receptor 2 gene 
(EPHA2) and have origin from basal/myoepithelial due to 
high levels of myoepithelial markers tumor protein p63 
(TP63) and common acute lymphocytic leukemia antigen 
(CD10). Mesenchymal-like tumors are enriched with genes 
for ECM (extracellular matrix) receptor interaction, cell 
differentiation pathways (like Wnt pathway and TGF-β 
(transforming growth factor-β signaling)) and also cell 
motility pathway. They are more sensitive to PI3K/mTOR 
inhibitors as they have deregulated PI3K pathways. 
MSL tumors are characterized by genes associated 
with epithelial-mesenchymal transition (EMT), cell 
differentiation pathway, angiogenesis, growth factor 
signaling pathway and immune signaling. They have low 
expression of proliferation genes and are enriched for genes 
related to stem cells. MSL tumors have low expression of 
claudin 3, 4 and 7, cytokeratin (KRT7/8/18/19) and the 
cluster of differentiation (CD24) expression. They are 
sensitive to sarcoma family kinase (SRC) PI3K/mTOR 
inhibitors. Both in-vivo and in-vitro, deregulation of the 
TGF- β receptor is responsible for migration and invasion 
of MSL cell lines. IM tumors are characterized for genes 
involved in immune response such as immune cell 
signaling, antigen processing and presentation as well as 
cytokine signaling which overlaps with medullary breast 
cancer. LAR tumors are characterized by hormonally 
regulated pathways such as androgen receptor signaling 
and are positive for PI3KCA mutations. LAR express 
luminal patterns and have highly expressed genes such 
as forkhead box protein A1 (FOXA1), keratin 18 (KRT18) 
and X-box binding protein 1 (XBP1). They are sensitive to 
androgen receptor antagonists like bicalutamide and dual 
PI3K/mTOR inhibitors like dactolisib.[7,8]  

Younger premenopausal women, shorter duration of 
breastfeeding, obesity and young age at full-term pregnancy 
are the risk factors for basal-like breast tumors.[9] TNBC 
patients have reduced cancer-specific survival as compared 
to luminal tumors. There are increased chances of 
recurrence in TNBC patients during the first three years 
of therapy with a rapid decline thereafter. TNBC has a poor 
pathological complete response (pCR) outcome but it is 
not resistant to chemotherapy.[10] Among various breast 
cancer subtypes, basal-like (85%) and HER2-positive (70%) 
tumors showed the highest response rates as compared 
with luminal (47%) when treated with neoadjuvant AC 
(Adriamycin and Cyclophosphamide) chemotherapy. In 
another study involving anthracycline/taxane-based 
neoadjuvant strategies, from over 1000 patient population, 
TNBC patients showed higher pCR than ER-positive 
breast tumors with increased overall survival at three 
years compared to those with residual disease (RD). 
Although TNBC is highly responsive to anthracyclines 
and anthracycline/taxane chemotherapy, if a residual 

tumor is present, then there is a high risk of relapse.[11] 
Due to the aggressive nature of TNBC, its management 
involves polychemotherapy with anthracycline (such 
as doxorubicin or epirubicin) and taxane (paclitaxel or 
docetaxel) in various well-described regimens. Almost 
70% of  breast cancers with BRCA mutation are of triple-
negative type.[12] Tumors with BRCA mutation and TNBC 
subtype are sensitive to DNA-damaging agents such as 
platinum compounds and PARP inhibitors.[13] Hence for 
targeting TNBC, a brief insight into signaling pathways is 
obligatory for identifying an operative therapeutic target.

Molecular Signaling Pathways 
for TNBC

Ras/Raf/MEK/ERK Pathway
Ras/Raf/MEK/ERK pathway is responsible for cell 
proliferation, survival, differentiation and metastasis in 
TNBC.[14]  Due to the activation of RTKs, growth-factor-
receptor-bound protein 2 (Grb2) molecules are recruited to 
the plasma membrane and binds directly to RTKs. Another 
way is Grb2 activates protein SRC homology and collagen 
protein (Shc) which in turn helps in Son of Sevenless 
(SOS) protein recruitment to the plasma membrane. Grb2 
also generates phosphatidic acid by activation of PLD2 
(phospholipase D2) which causes recruitment of SOS 
to the plasma membrane by interacting with SOS. Grb2 
associated with SOS then converts inactive guanosine 
diphosphate associated Rat sarcoma (GDP-Ras) to active 
guanosine triphosphate associated Rat sarcoma (GTP-Ras). 
Ras, small GTPases such as Harvey sarcoma virus (HRAS), 
Kirsten sarcoma virus (KRAS),  neuroblastoma RAS 
viral oncogene homolog (NRAS), muscle RAS oncogene 
homolog (MRAS) are activated indirectly via external 
stimuli (ligand-dependent activation of RTKs).[15] NF1 
(neurofibromin 1) keeps the Ras activation at check by 
catalyzing the conversion of GTP-Ras to GDP-Ras and 
hence controls the pathway.[16][17][18] Serine/threonine 
kinase, Rapidly Accelerated Fibrosarcoma kinase (Raf), 
is activated as a result of Ras activation and in turn 
activating mitogen-activated protein kinase kinase (MEK 
1/2). This activation of MEK1/2 is modulated by various 
scaffolding proteins like RKIF (Raf kinase inhibitor 
protein), KSR (kinase suppressor of Ras), MP1 (MEK 
partner 1) and MKPs (MAPK phosphatases). Activation 
of MEK1/2 leads to phosphorylation of extracellular 
signal-regulated kinase 1/2 (ERK1/2) that results 
in activation transcription factors v-fos FBJ murine 
osteosarcoma viral oncogene homolog (FOS), v-myc 
avian myelocytomatosis viral oncogene homolog (MYC), 
v-ets avian erythroblastosis virus E26 oncogene homolog 
1/2 (ETS1/2), ETS transcription factor ELK1 (ELK-1) 
responsible for cell proliferation, differentiation and 
survival. Deregulation of dual-specificity phosphatase 
4 (DUSP4) gene whose hypermethylation is responsible 
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for decreased messenger RNA (mRNA) expression is also 
implicated in TNBC. 

Further, as compared to other breast cancer subtypes, 
the Ras/Raf/MAPK pathway is additionally activated 
in TNBC.[19] Ras/Raf/MAPK pathway is also involved in 
EMT (epithelial-to-mesenchymal transition) which leads 
to metastasis in TNBC through elevated activation of 
ERK1/2 due to deviation from normal Ras function. After 
chemotherapy treatment in TNBC patients, activation 
of the Ras/Raf/MAPK pathway relates/correlates to its 
aggressive nature. Treatment with MEK inhibitors can 
help in restoring the sensitivity of tumor cells to cytostatic 
agents.[20] CDK4/6 inhibitors currently approved for 
treating breast cancer are abemaciclib, palbociclib and 
ribociclib. Lapatinib blocks phosphorylation of EGFR, 
ERK1/2 and Akt kinases. It also inhibits cyclin D protein 
levels in tumor cells. Table 1 represents the clinical trials 
of drugs targeting the Ras/Raf/MEK pathway in TNBC 
patients (Fig. 1). 

PI3K/Akt/mTOR Pathway
In resting cells with inactive phosphoinositide 3-kinase 
(PI3K), phosphatidylinositol 3-kinase regulatory subunit 
alpha (p85) suppresses phosphatidylinositol-4,5-bispho-
sphate 3-kinase, catalytic subunit alpha (p110α) of PI3K/
Akt pathway. PI3K is responsible for tumor proliferation, 

growth, motility, survival and angiogenesis.[22] Due to 
extracellular ligand-dependent activation of RTKs, PI3K 
becomes active due to the interaction of p85 with tyros-
ine residues, non-RTKs and adaptor protein like insulin 
receptor substrate 1 (IRS1) with its Src Homology 2 (SH2) 
domains. The activity of PI3K can be modified by GTP-Ras 
and SFKs (Src family kinases) on the intracellular mem-
brane.[23] Phosphatidylinositol 4,5-bisphosphate (PIP2) is 
converted into phosphatidylinositol (3,4,5)-trisphosphate 

Table 1: Clinical trials involving drugs targeting Ras/Raf/MEK/ERK pathway in TNBC patients

Drug Combination Target Phase Status Primary outcome
Clinical trial 
number[21]

Selumetinib 
(AZD6244)

Vistusertib
(AZD2014)
(mTOR inhibitor)

MEK inhibitor Ib Recruiting
Efficacy, progression-free survival, 
duration of response and overall 
survival

NCT02583542

Cobimetinib Paclitaxel MEK inhibitor II Completed Progression-free survival and 
overall response rates NCT02322814

Selumetinib Docetaxel MEK inhibitor II Recruiting Increase in survival of patients NCT02685657

Trametinib
(GSK1120212)

Uprosertib
(GSK2141795) 
(Akt inhibitor)

MEK inhibitor I Completed Determine dose and regimen for 
combination NCT01138085

Trametinib
Uprosertib
(GSK2141795) 
(Akt inhibitor)

MEK inhibitor II Completed Stop tumor growth NCT01964924

Trametinib
(GSK1120212)

Buparlisib
(BKM120)
(PI3K inhibitor)

MEK inhibitor Ib Completed
Dose determination,
safety pharmacokinetics and 
pharmacodynamics

NCT01155453

Binimetinib
(MEK162)

Dactolisib
(BEZ235) 
(PI3K/mTOR 
inhibitor)

MEK inhibitor Ib Completed Incidence of dose limiting 
toxicities NCT01337765

Binimetinib
(MEK162)

Buparlisib
(BKM120)
(PI3K inhibitor)

MEK inhibitor Ib Completed Incidence of dose limiting 
toxicities NCT01363232

Binimetinib Palbociclib MEK inhibitor I
II Recruiting Progression-free survival NCT04494958

Trilaciclib
(G1T28)

Gemcitabine
Carboplatin CDK4/6 inhibitor II Recruiting Number of treatment related 

adverse events NCT02978716

Fig. 1: Ras/Raf/MEK/ERK pathway and PI3K/Akt/mTOR pathway 
in TNBC.
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(PIP3) with the help of active PI3K by Phosphatidylinositol 
5-phosphate (PI5Ps) or Phosphatidylinositol 3-phosphate  
(PI3Ps), SH2-containing Inositol Phosphatase (SHIP), phos-
phatase and tensin homolog (PTEN) and others.[24] Due to 
the generation of membrane-associated phospholipids, 
there is recruitment of signaling molecules with Pleck-
strin homology domain (PH) domain of non-RTKs, Ras 
GTPase-activating proteins (RasGAP),  phosphoinositide 
phospholipase C γ (PLCγ), IRS, growth factor receptor-
bound protein 7 (Grb7),   phosphoinositide-dependent 
kinase-1  (PDK1) and protein kinase B (Akt) adjacent to 
the plasma membrane.[25][26][27] Due to signal propaga-
tion of PI3K/Akt pathway, GTP-Ras activation of Ras/Raf/
MAPK pathway is also affected, this signifies the cross-talk 
between two pathways.[28] 

Activation of Akt inhibits repression on mammalian 
target of rapamycin (mTOR) by Tuberous sclerosis proteins 
1 and 2 (TSC1/2). mTOR after activation forms two com-
plexes with proteins such as mTOR Complex 1 (TORC1), 
responsible for growth stimulatory effects of mTOR, and 
mTOR Complex 2 (TORC2), for further stimulation of Akt. 
Activated Akt is also involved in angiogenesis and EMT 
leading to cell migration.[29] Activated Akt then moves to 
cytoplasm and nucleus thereby phosphorylating target 
proteins and is responsible for apoptosis, DNA repair, cell 
division and metabolism.[30][31] Akt also acts by reducing 
cell cycle inhibitors expression (p27 and p21) and pro-
moting c-Myc and cyclin D1. Phosphatidylinositol-4,5-bi-

sphosphate 3-kinase catalytic subunit alpha (PIK3CA) 
mutations or loss of PTEN activity leads to PI3K/Akt 
pathway activation and mTOR activity in TNBC.[32] It limits 
programmed cell death and increases cellular survival by 
influencing Bcl-2 family member, Bad. mTOR sends the 
signal for increasing mRNAs translation encoding proteins 
required for cell growth and cell cycle progression.[33] The 
extracellular ligand RTK may be HER2 on which trastu-
zumab, lucatinib, neratinib, pertuzumab, margetuximab 
and tucatinib may bind extracellularly on HER2 receptor 
and inhibit phosphorylation RTKs and reduction in the 
signaling of proteins intracellularly. Alpelisib is the PI3K 
inhibitor approved for the treatment of breast cancer in 
the clinical setting. A phase Ib/II study evaluating safety 
and efficacy of iniparib (GDC-0941) in combination with 
cisplatin on TNBC patients was terminated due to exces-
sive toxicities and lack of efficacy. (NCT01918306) A phase 
II study treating TNBC patients with Akt inhibitor (MK220) 
before conventional surgery for evaluating changes in the 
levels of pAkt, pS6 and Ki67 expression was terminated 
due to toxicity. (NCT01319539) Table 2 represents ongoing 
and completed clinical trials involving drugs targeting 
PI3K/Akt/mTOR pathway. 

DNA Repair Pathway
In a cell, DNA repair is done by either mismatch repair 
(MMR), base excision pair (BER) and double-strand break 
repair (DSR). When DNA double-strand breaks repair 

Table 2: Clinical trials involving drugs targeting PI3K/Akt/mTOR pathway

Drug Combination Target Phase Status Primary Outcome
Clinical Trial 
Number[21]

Temsirolimus Cisplatin
Erlotinib  (receptor 
tyrosine kinase inhibitor)

mTOR inhibitor I Completed To find out Maximum 
Tolerated Dose in 
combination

NCT00998036

CUDC-907 --- PI3K/HDAC 
inhibitor

I Completed Safety, Tolerability and 
Pharmacokinetics

NCT02307240

BKM120 
(Buparlisib)

Olaparib (PARP inhibitor)
and olaparib with 
BYL719 (aplesilib)

PI3K inhibitor I Completed Evaluated for safety 
combination

NCT01623349

AZD5363
(Capivasertib)

Paclitaxel Akt kinase inhibitor II Recruiting Progression free survival NCT02423603

AZD2014
(Vistusertib)
AZD5363
(Capivasertib)

Olaparib (PARP inhibitor) mTORC1/2 inhibitor

Akt inhibitor

Ib Recruiting Evaluated for maximum 
tolerable dose in 
combination

NCT02208375

Apatinib 
(YN968D1)

---- Tyrosine kinase 
inhibitor

II Completed Disease control rate and 
Progression Free Survival

NCT01176669

Ipatasertib 
(GDC-0068)

Trastuzumab
Pertuzumab

Akt inhibitor I Recruiting To define the
Recommended Phase 2
Dose (RP2D) of ipatasertib
when used in combination
with HP (+/- ET)

NCT04253561

Eganelisib 
(IPI-549)

Etrumadenant
Pegylated liposomal 
doxorubicin (PLD)

PI3K inhibitor I Completed Incidence of adverse events  
and dose limiting toxicities

NCT03719326

https://en.wikipedia.org/wiki/Phosphoinositide-dependent_kinase-1
https://en.wikipedia.org/wiki/Phosphoinositide-dependent_kinase-1
https://www.selleckchem.com/products/ipi-549.html
https://www.selleckchem.com/products/ipi-549.html


P Patel et al.

Int. J. Pharm. Sci. Drug Res., March-April, 2022, Vol 14, Issue 2, 290-299294

is done, it is toxic to cells. They are repaired by error-
prone non-homologous end-joining (NHEJ) and error-
free homologous recombination (HR).[34,35] Homologous 
recombination (HR) is dependent on BRCA 1/2 DNA repair 
associated (BRCA1/2) pathways and breast cancer gene 
(BRCA) is responsible for the maintenance of genomic sta-
bility.[36-38] Cells lacking BRCA1/2 to repair these breaks, 
are susceptible to more error-prone mechanisms, result-
ing in an increased risk of breast cancers.[39] In error-free 
HR, the repair is carried out by a group of enzymes, poly 
(ADP-ribose) polymerases (PARPs), involved in genomic 
stability, DNA repair, cell cycle and apoptosis.[40,41] Hence 
PARP inhibition will lead to apoptosis and cell death. Genes 
participating in DNA repair pathway are mainly partner 
and localizers of BRCA2 (PALB2), BRCA1-associated 
RING domain protein 1 (BARD1), BRCA1 Interacting 
Protein C-terminal Helicase 1 (BRIP1), RAD51 paralog 
C/D (RAD51C/D), RAD50 double-strand break repair 
protein (RAD50) and X-Ray Repair Cross Complementing 
2 (XRCC2), which accounts for the highest proportion in 
TNBC.[42] Impairment in BRCA1/2 function like BRCA1/2 
mutation, methylation of the promoter, decreased 
expression of protein contributes to BRCAness of cancer.
[43] BRCA1 mutation leads to decreased short-term and 
long-term survival as compared to BRCA2 mutation due 
to the involvement of different pathways of BRCA1/2 in 
pathogenesis.[44] Most of the tumors with BRCA1 muta-
tion identified by immunohistochemistry have a negative 
expression for ER, PR and HER2 and overexpression of 
EGFR along with tumor protein p53 (TP53) mutation.[45-47] 
Olaparib and talazoparib (PARP inhibitors) are currently 
used targeted therapies for the treatment of breast cancer 
clinically. Table 3 represents ongoing and completed clini-
cal trials involving drugs targeting PARP. 

Wnt signaling pathway
Three different Wnt (wingless/integrated) signaling 
pathways namely canonical Wnt pathway (Wnt/β-
catenin pathway), non-canonical planar cell polarity 
pathway (β-catenin independent pathway) and Wnt/
Ca+2 pathway can be activated after binding of Wnt 
ligand with frizzled (Fz) receptors.[48] Canonical Wnt 
pathway (Wnt/β-catenin pathway) is responsible for 
gene transcription regulation.[49] The non-canonical 
planar cell polarity pathway is responsible for cellular 
and cytoskeleton organization whereas Wnt/Ca+2 pathway 
regulates cell adhesion and migration by regulating 
calcium level.[50,51] In Canonical Wnt pathway, Wnt ligand 
binds with frizzled (Fz) receptors and lipoprotein related 
protein 5/6 (LRP5/6) and activates Dishevelled (Dvl) 
protein. In absence of Wnt, Axin and APC (adenomatosis 
polyposis coli) destruction complex with ß-catenin 
initiates phosphorylation of glycogen synthase kinase-3 
(GSK-3) and casein kinase-1a (CK1) which in turn leads 
to degradation of ß-catenin. Activated Dvl protein 
interacts with Axin and APC destruction complex leading 
to increased levels of free ß-catenin in the cytosol. Free 
cytosolic ß-catenin then translocates to the nucleus and 
binds to TCF/LEF (transcription activation complex with 
T-cell factor/lymphoid enhancing factor) and displaces 
Groucho which is a transcription repressor.[52] ß-catenin 
binding to TCF/LEF leads to transcription of fibroblast 
growth factor 20 (FGF20), dickkopf-related protein 
1   (DKK1), WNT1-inducible-signaling pathway protein 
1 (WISP1), MYC and CYCLIN-D1.[53,54] 

In the non-canonical planar cell polarity pathway, 
the Wnt5a ligand binds to frizzled (Fz) receptors 
with co-receptors like retinoic acid  receptor-related 

Table 3: Clinical trials involving drugs targeting PARP on TNBC patients

Drug Combination Target Phase Status Primary outcome
Clinical trial 
number[21]

Fluzoparib Apatinib (VEGFR 
inhibitor)

PARP inhibitor I Recruiting For evaluating the mechanism 
of action of drug

NCT03075462

Niraparib Pembrolizumab PARP inhibitor I/II Completed Evaluating safety and efficacy NCT02657889

TAK-228 
(Sapanisertib)
TAK-117 
(Serabelisib)

Cisplatin  and nab 
paclitaxel

Inhibiting 
Homologous 
Recombination 
(HR)

II Recruiting Assess the objective response 
rate associated with 
sequential treatment

NCT03193853

BSI-201 
(Iniparib)

Gemcitabine plus 
carboplatin

PARP1 inhibitor II Completed pathologic complete
response

NCT00813956

E7449 
(Stanoparib)

Alone and in combination 
with temozolomide or 
with carboplatin and 
palcitaxel

PARP 1/2 
inhibitor

I
II

Completed Maximum tolerated dose  NCT01618136 

Veliparib Cisplatin PARP inhibitor II Recruiting Progression free survival NCT02595905

SHR3162 
(Fluzoparib)

Famitinib PARP inhibitor I
II

Recruiting Objective response rate NCT03805399

Rucaparib --- PARP inhibitor Early I Recruiting Measurement of expression 
of PD-L1 by IHC

NCT03911453

https://en.wikipedia.org/wiki/Adenomatosis_polyposis_coli
https://en.wikipedia.org/wiki/Adenomatosis_polyposis_coli
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orphan  receptor (ROR), related to receptor tyrosine 
kinase (RyK) and protein tyrosine kinase receptor (PTK). 
Due to the binding of ligand, the Dishevelled protein is 
activated and interacts with Ras-related C3 botulinum 
toxin substrate 1 (Rac1) and the Disheveled-associated 
activator of morphogenesis 1 (DAAM1). Rac1 leads to 
actin polymerization by activating c-Jun N-terminal kinase 
whereas DAAM1 leads to cytoskeletal arrangements 
by activation of Rho and Rho-associated protein kinase 
(ROCK) in sequence.[55,56] In Wnt/Ca+2 pathway, the 
Wnt ligand binds to the Fzd receptor which activates the 
G-protein and Dvl protein leading to activation of cGMP-
specific phosphodiesterase or Phospholipase C (PLC) that 
increases the concentration of calcium in the cytoplasm. 
Increased concentration of calcium causes activation of 
downstream signaling protein-like protein kinase C (PKC), 
Calcineurin and Ca2+/calmodulin-dependent protein 
kinase II   (CAMKII).[57] Wnt5a ligand binding with the 
Fzd receptor activates CAMKII which phosphorylates 
TGF-ß activated kinase and in turn Nemo-like-kinase.[58] 
Nemo-like-kinase phosphorylates transcription factor 4 
(TCF4) that inhibits interaction with ß-catenin, thereby 
inhibiting the canonical Wnt pathway. Hence, Canonical 
Wnt signaling is also negatively regulated by the Wnt/
Ca2+ pathway. In-vitro studies and in-vivo mouse cancer 
models of TNBC have shown that accumulation of β-catenin 
in the nucleus is responsible for cell migration, resistance 
to chemotherapy and stem cell-like features of TNBC cells 
suggesting canonical Wnt signaling, as a major driving 
force of TNBC development.[59] TNBC and its poor clinical 
outcomes are due to the over-activation of Wnt/β-catenin 
signaling.[60,61] 

Dysregulation of the non-canonical Wnt signaling 
pathway is responsible for metastatic behavior of TNBC 
cells and its cancer stem cells (CSC) through aberrant 
activation of JNK (c-Jun N-terminal kinase).[62] Inhibition 
of β-catenin-mediated transcription in in-vitro studies 
on TNBC cell lines and in-vivo patient-derived xenograft 
models resulted in inhibition of stem cell proliferation 
and tumor volume reduction, respectively.[63] A dose-
escalation phase I study is recruiting patients with 
metastatic TNBC for determining the safety of combination 
getatolisib and PTK7-ADC (cofetuzumab  pelidotin) 
showed better tolerability and promising clinical activity. 
Cofetuzumab pelidotin is an antibody-drug conjugate 
targeted to PTK7 protein (Wnt pathway co-receptor) 
with an auristatin payload.(NCT03243331) Another dose 
escalation study is recruiting patients with selected solid 
malignancies including TNBC for evaluating safety and 
efficacy of LGK974 (a porcupine inhibitor) in combination 
with spartalizumab (anti-PD-1 immune checkpoint) 
(NCT01351103) (Fig. 2).

Hedgehog Signaling Pathway
Hedgehog (Hh) signaling pathway, Hh ligand binds with 
Pathed1 transmembrane protein and subsequently 

act ivates the Smoothened (SMO) transmembrane 
protein. The activated SMO releases transcription factor 
glioma-associated oncogene homolog 1 (GLI) which gets 
translocated to the nucleus and leads to transcription of 
target genes responsible for metastasis, apoptosis and 
angiogenesis resulting in the development of TNBC.[64] 

Activated SMO further activates v-myc myelocytomatosis 
viral related oncogene, neuroblastoma derived (MYCN), by 
increasing expressions of cyclin D and FOXM 1, responsible 
for the development and progression of TNBC.[65] FOXM1 
controls the expression of genes essential for DNA synthesis 
and mitosis.[66,67] Hence, SMO and Pathed1 can be beneficial 
targets for the effective treatment of TNBC. Currently, 
drugs under clinical investigation comprise Hh-targeted 
therapies, specifically SMO inhibitors. SMO inhibitors have 
been proved clinically beneficial for basal cell carcinoma 
and medulloblastoma but not in the case of colorectal, 
pancreatic, lung cancer and metastatic castrate-resistant 
prostate cancer.[68-73] Deregulation of the Hh pathway is due 
to multiple pathway activation including SMO-dependent 
and SMO-independent signaling via direct regulation 
of GLI expression. The mechanisms of the Hh pathway 
downstream activation of SMO includes loss of tumor 
suppressor genes, Teashirt zinc finger homeobox 2 (TSHZ2), 
Liver kinase B1 (LKB1), or Singleminded-2s (SIM2s) 
leading to limited application of any drug against TNBC.[74] 
A phase I study involving RO4929097 (gamma-secretase/
Notch signalling pathway inhibitor) and vismodegib (SMO 
inhibitor) in combination for evaluation of safety and 
efficacy was terminated. (NCT01071564) Another phase II 
study is evaluating safety and efficacy of vismodegib (SMO 
inhibitor) in combination with chemotherapy comprising 
of paclitaxel, epirubicin and cyclophosphamide in TNBC 
patients (NCT02694224) (Fig. 3).

Notch signaling pathway
Notch signaling pathway gets activated when Notch ligand 
such as Delta-like (Dll) 1, 3, 4 and JAG ligands (Jagged 1, 2) 

Fig. 2: Wnt signaling pathways. 

https://cancerres.aacrjournals.org/lookup/external-ref?link_type=CLINTRIALGOV&access_num=NCT03243331&atom=%2Fcanres%2F79%2F4_Supplement%2FOT3-06-02.atom
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bind to Notch receptors (Notch1,2,3 and 4) expressed 
in tumor, normal and endothelial cells. Extracellularly, 
notch extracellular truncation (NEXT) is formed with the 
help of disintegrin and metalloprotease  (ADAM/TACE) 
proteases by cleavage of notch ligand-receptor complex. 
Intracellular notch intracellular domain (ICD) is formed 
by gamma-secretase (γ-secretase) which then translocate 
from cytoplasm to nucleus. This, in turn, activates an 
activation initiator CBF1, Suppressor of Hairless, Lag-1 
(CSL) complex from a transcriptional repressor leading 
to activation genes such as vascular endothelial growth 
factor receptor 3 (VEGFR3), ER, Hairy Enhancer of Split 
(Hes) and Hairy/Enhancer of Spit related with YRPW 
motif (Hey). Targets of notch signaling pathway include 
Nuclear Factor Kappa B Subunit 2 (NF-κB2), c-Myc, cyclin 
D1, cyclin-dependent kinase inhibitor 1 (p21), HER2 and 
regulators of angiogenesis and apoptosis.[75] Directing 
antibodies towards notch receptors has been proven to 
be beneficial in decreasing tumor growth by inhibiting 

Table 4: Clinical trials involving drugs targeting immune pathway for TNBC patients

Drug Combination Target Phase Status Primary Outcome
Clinical Trial 
Number[21]

KY1044 
(Alomfilimab)

Atezolizumab Inducible T cell CO-
stimulator 

I
II

Recruiting Safety, tolerability, overall response 
rate and incidence of dose limiting 
toxicities

NCT03829501

SI-B003 ---- A PD-1/CTLA-4 
bispecific antibody

I Recruiting Dose limiting toxicity, maximum 
tolerated and administered dose, 
adverse events and recommended 
dose determination for phase II

NCT04606472

XmAb®22841 
(Pavunalimab)

Pembrolizumab CTLA-4 and LAG-3 
bispecific antibody

I Recruiting Safety and tolerability profile of 
XmAb22841 assessed by rates of 
treatment-related adverse events 
(AEs)

NCT03849469

CX-2009 
(Praluzatamab

CX-072 
(pacmilimab)

Probody drug 
conjugate (PDC) 
conjugated with 
DM4

II Recruiting Objective response rate NCT04596150

Retifanlimab Pelareorep PD-1 monoclonal 
antibody

II Recruiting To determine the efficacy of the 
combination of retifanlimab 
(INCMGA00012) and pelareorep 
for patients with metastatic triple 
negative breast cancer in the second 
and third line setting along with 
safety, tolerability and feasibility

NCT04445844

Toripalimab Nab-paclitaxel Anti-PD-1 antibody II Recruiting Pathologic complete response NCT04418154

Nivolumab

Ipilimumab

Capecitabine Anti-PD-1 antibody
CTLA-4 antibody

II Recruiting Disease free survival  NCT03818685

Durvalumab Paclitaxel
Epirubicin
Cyclophosphamide

PD-L1 inhibitor I
II

Recruiting Adverse events and pathological 
response 

NCT03356860

Carelizumab Nab-paclitaxel
Apatinib

PD-1 immune 
checkpoint inhibitor

III Recruiting Progression-free survival NCT04335006

Daratumumab Nivolumab CD38
PD-1

I
II

Completed Incidence of adverse events and 
Grade of laboratory abnormalities 
and establish tolerability

NCT03098550

Fig. 3: Hedgehog and notch signaling pathway in TNBC.
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angiogenesis in several preclinical models.[76] It has 
been reported that Jagged1 and Delta Like Canonical 
Notch Ligand 4 (DLL4) ligands influence angiogenesis 
by independent mechanisms. Jagged1 ligand influences 
tumor angiogenesis by activating the Notch pathway.[77] 
Combination therapy targeting VEGF plus DLL4 ligand 
is used for treatment as vascular endothelial growth 
factor (VEGF) induces expression of later in cancer cells 
and its activation leads to down-regulation of vascular 
endothelial growth factor  receptor 2 (VEGFR2). Hence, 
blocking of DLL4 may up-regulate VEGFR2 leading to 
sensitization of the VEGF signaling due to an increase in 
angiogenesis.[78] A variety of γ-secretase inhibitors (GSIs) 
have proved to be effective by increasing the sensitivity of 
tumor cells towards chemotherapy and radiation. A phase 
II study recruiting TNBC patients is evaluating overall 
response rate, progression-free survival and safety of 
AL101 (a γ-secretase inhibitor). (NCT04461600)

Immune Pathway
TNBC, with high genomic instability and burden, generates 
neoantigens recognized as ‘non-self ’ antigen by the 
immune system. Cytotoxic T lymphocytes (CD8+ T-cell) 
recognize this antigen on tumor cells presented by Major 
Histocompatibility Complex-1 (MHC1). Antigens expressed 
in some TNBC cells are glycosylated form of mucin 1 
(MUC-1), melanoma-associated antigens (MAGE-A), 
mesothelin and cancer/testis antigen 1 (NY-ESO-1).[79-81] 
Due to neoantigens, there is the recruitment of tumor-
infiltrating lymphocytes (TILs) with high expression 
of programmed cell death 1 ligand 1 protein (PD-L1) 
as compared to other breast cancer subtypes in TNBC. 
The high amount of TILs in the tumors provides a better 
prognosis to the cancer treatment and also the risk of 
relapse is reduced. Better prognosis is possible due to 
upregulation of genes induced by TIL for markers like 
programmed death-ligand 1 (PD-L1), programmed cell 
death protein 1 (PD-1), CTLA-4 (cytotoxic T lymphocyte 
antigen 4)  and Type I iodothyronine deiodinase (DIO1).
[82,83] TNBC can also be targeted by blocking immune-
checkpoint receptors preventing immune activation such 
as CTLA-1, B- and T-lymphocyte attenuator (BTLA), PD-1 
along with its ligands PD-L1/2, T cell immunoglobulin 
and mucin domain-containing protein 3 (TIM-3) and 
lymphocyte-activation gene 3 (LAG-3). The immune 
system can also be targeted by immunosuppressive 
factors, by activating co-stimulatory receptors which 
induce the generation of tumor-reactive T-cells and 
transferring genetically engineered tumor-reactive T cells.
[84] In addition, the strong association between increased 
PI3K/AKT/mTOR signaling and the presence of PD‑L1 is 
reported, as the loss of PTEN expression is associated 
with overexpression of PD‑L1 ligand. Pembrolizumab, 
dosarlimab, atezolizumab approved for breast cancer 
treatment, are humanized monoclonal antibodies that act 
by blocking the PD-L1 receptor and preventing binding and 

activation of PD-L1 and PD-L2.  Various clinical trials with 
drugs targeting anti-PD-L1 and CTLA-4 inhibitors involved 
in breast cancer are listed in Table 4. 

Conclusion
The heterogeneous nature of TNBC makes it the most 
aggressive of all breast cancer subtypes. The poor clinical 
outcome of the chemotherapy in TNBC is due to tumor 
recurrence, metastasis and mortality. It is worthwhile to 
explore various signaling pathways in detail and identify 
the molecular targets for the treatment of TNBC. Numbers 
of trials are ongoing and new targets are discovered 
but they do not see the daylight. This keeps the burning 
desire in the researchers to continuously explore various 
signaling pathways and find a way out for treating TNBC 
with promising drugs having pCR. Currently, clinical 
studies are ongoing for TNBC patients for evaluating the 
safety and efficacy of various drugs targeting different 
pathways in combination and results are still awaited.  

References
1.	 Ahn SG, Kim SJ, Kim C, Jeong J. Breast Cancer Molecular Classification 

of Triple-Negative Breast Cancer. 2016;19:223–30. 
2.	 Aksamitiene E, Kiyatkin A, Kholodenko BN. Cross-talk between 

mitogenic Ras / MAPK and survival PI3K / Akt pathways : a fine 
balance. 2012;139–46. 

3.	 Andreopoulou E, Sparano JA. Chemotherapy in Patients with 
Anthracycline- and Taxane- Pretreated Metastatic Breast Cancer: 
An Overview. Curr Breast Cancer Rep. 2013;5:42–50. 

4.	 Antonarakis ES, Heath EI, Smith DC, Rathkopf D, Blackford AL, 
Danila DC, et al. Repurposing Itraconazole asaTreatment for 
AdvancedProstate Cancer:ANoncomparativeRandomizedPhase II 
Trial inMenWith Metastatic Castration-Resistant Prostate Cancer. 
The Oncologist. 2013;18:163–73. 

5.	 Aysola K, Desai A, Welch C, et al. Triple Negative Breast Cancer - An 
Overview. Hereditary Genet. 2013;2013(Suppl 2):001. Available 
from: doi:10.4172/2161-1041.S2-001

6.	 Balko JM, Giltnane JM, Wang K, Schwarz LJ, Christian D, Cook RS, 
et al. Molecular profiling of the residual disease of triple-negative 
breast cancers af ter neoadjuvant chemotherapy identif ies 
actionable therapeutic targets. Cancer Discov. 2014;4:232–45. 

7.	 Bauer JA, Chakravarthy AB, Rosenbluth JM, Mi D, Erin H, Granja-
ingram NDM, et al. Identification of Markers of Taxane Sensitivity 
Using Proteomic and Genomic Analyses of Breast Tumors from 
Patients Receiving Neoadjuvant Paclitaxel and Radiation. Clinical 
Cancer Research. 2011;16:681–90. 

8.	 Belani CP, Dahlberg SE, Rudin CM, Fleisher M, Chen HX, Takebe N, 
et al. Vismodegib or Cixutumumab in Combination With Standard 
Chemotherapy for Patients With Extensive-Stage Small Cell Lung 
Cancer: A Trial of the ECOG-ACRIN Cancer Research Group (E1508). 
Cancer. 2016;122:2371–8. 

9.	 Berlin J, Bendell JC, Hart LL, Firdaus I, Gore I, Hermann RC, et al. 
A Randomized Phase II Trial of Vismodegib versus Placebo with 
FOLFOX or FOLFIRI and Bevacizumab in Patients with Previously 
Untreated Metastatic Colorectal Cancer. 2013;19:258–68. 

10.	Bianchini G, Balko JM, Mayer IA, Sanders ME, Gianni L. Triple-
Negative Breast Cancer: Challenges and Opportunities of a 
Heterogeneous Disease. Nature Publishing Group. 2016;13(11):674-
690. Available from: doi: 10.1038/nrclinonc.2016.66.

11.	Borg J, Belotti E, Daulat A, Lembo F, Bertucci F, Charafe-Jauffret 
E. Deregulation of the non-canonical pathway in triple-negative 
breast cancer. FASEB J. 2013;27:610.1-1. Available from:  https://
doi.org/10.1096/fasebj.27.1_supplement.610.1.



P Patel et al.

Int. J. Pharm. Sci. Drug Res., March-April, 2022, Vol 14, Issue 2, 290-299298

12.	Cancer Today [Internet]. World Health Organization. 2020. 
Available from https://gco.iarc.fr/today/online-analysis-multi-
bars?v=2020&mode=cancer&mode_population=countries&pop
ulation=900&populations=900&key=asr&sex=2&cancer=39&t
ype=0&statistic=5&prevalence=0&population_group=0&ages_
group%5B%5D=0&ages_group%5B%5D=17&nb_items=10& [Last 
accessed date: 2021-02-15].

13.	Chakravarthy AB, Kelley MC, Mclaren B, Truica CI, Billheimer 
D, Mayer IA, et al . Cancer Therapy : Clinical Neoadjuvant 
Concurrent Paclitaxel and Radiation in Stage II / III Breast Cancer. 
2006;12:1570–7. 

14.	Chamorro MN, Schwartz DR, Vonica A, Brivanlou AH, Cho KR, 
Varmus HE. FGF-20 and DKK1 are transcriptional targets and 
development. 2005;24(1):73-84. Available from: doi: 10.1038/
sj.emboj.7600460.

15.	ClinicalTrials.gov. [Internet]. Bethesda (MD): U.S. National Library 
of Medicine. 2022. Available from: https://www.clinicaltrials.gov/

16.	Collignon J, Lousberg L, Schroeder H, Jerusalem G. Triple-negative 
breast cancer : treatment challenges and solutions. Breast Cancer: 
Targets and Therapy. 2016;8:93–107. 

17.	Cousineau I, Belmaaza A. BRCA1-truncating Mutation , Deregulates 
Homologous Recombination ND ES SC Key words RIB. Cell Cycle. 
2007;6:962–71. 

18.	Craig DW, Shaughnessy JAO, Kiefer JA, Aldrich J, Sinari S, Moses 
TM, et al. Genome and Transcriptome Sequencing in Prospective 
Metastatic Triple-Negative Breast Cancer Uncovers Therapeutic 
Vulnerabilities. 2013;12:104–17. 

19.	De A. Wnt/Ca2+ signaling pathway: a brief overview. Acta Biochim 
Biophys. 2011;43:745–56. 

20.	Dejmek J, Sa A, Nielsen CK, Andersson T, Leandersson K. Wnt-5a / 
Ca2+-Induced NFAT Activity Is Counteracted by Wnt-5a / Yes-Cdc42-
Casein Kinase 1alpha Signaling in Human Mammary Epithelial Cells. 
2006;26:6024–36. Available from: doi: 10.1128/MCB.02354-05.

21.	Denkert C, Von Minckwitz G, Brase JC, Sinn B V., Gade S, Kronenwett R, 
et al. Tumor-infiltrating lymphocytes and response to neoadjuvant 
chemotherapy with or without carboplatin in human epidermal 
growth factor receptor 2-positive and triple-negative primary 
breast cancers. Journal of Clinical Oncology. 2015;33:983–91. 

22.	Dufraine J, Funahashi Y, Kitajewski J. Notch signaling regulates tumor 
angiogenesis by diverse mechanisms. Oncogene. 2014;27:5132–7. 

23.	ElShamy WM. The protect ive ef fect of longer durat ion of 
breastfeeding against pregnancy-associated triple negative breast 
cancer. Oncotarget. 2016;7(33):53941-53950. Available from: 
doi:10.18632/oncotarget.9690

24.	Geyer FC, Lacroix-triki M, Savage K, Arnedos M, Lambros MB, 
Mackay A, et al. b -Catenin pathway activation in breast cancer is 
associated with triple-negative phenotype but not with CTNNB1 
mutation. Modern Pathology. 2010;24:209–31. 

25.	Giltnane JM, Balko JM. Rationale for Targeting the Ras / MAPK 
Pathway in Triple-Negative Breast Cancer. Discovery Medicine. 
2014; 

26.	Gingras A, Raught B, Sonenberg N. Regulation of translation 
initiation by FRAP / mTOR. 2001;15(7):807-26. Available from: 
doi: 10.1101/gad.887201.

27.	Gomez-Orte E, Saenz-Narciso B, Moreno S, Cabello J. Multiple 
functions of the noncanonical Wnt pathway. Trends Genet. 
2013;29:545–53. 

28.	Habas R, Kato Y, He X. Wnt / Frizzled Activation of Rho Regulates 
Vertebrate Gastrulation and Requires a Novel Formin Homology 
Protein Daam1. 2001;107:843–54. 

29.	Habib JG, O’Shaughnessy JA. The hedgehog pathway in triple- 
negative breast cancer. Cancer Medicine. 2016;5:2989–3006. 

30.	Hartman A, Ford J. BRCA1 induces DNA damage recognition factors 
and enhances nucleotide excision repair. Nat Genet. 2002;32:180–4. 

31.	He TC, Sparks AB, Rago C, Hermeking H, Zawel L, da Costa L., et al. 
Identification of c- MYC as a target of the APC pathway. Science. 
1998;281:1509–12. 

32.	Hoeflich KP, Brien CO, Boyd Z, Cavet G, Guerrero S, Jung K, et al. 
Cancer Therapy : Preclinical In vivo Antitumor Activity of MEK 

and Phosphatidylinositol 3-Kinase Inhibitors in Basal-Like Breast 
Cancer Models. 2009;15:4649–65. 

33.	Hurley JH, Misra S. Signaling and subcellular targeting by 
membrane-binding domains 1. Annu Rev Biophys Biomol Struct. 
2000;29:49–79. 

34.	Ishitani T, Ninomiya-tsuji J, Matsumoto K. Regulation of Lymphoid 
Enhancer Factor 1/T-Cell Factor by Mitogen-Activated Protein 
Kinase-Related Nemo-Like Kinase-Dependent Phosphorylation in 
Wnt/β-Catenin Signaling. 2003;23:1379–89. 

35.	Jacquemier J, Bertucci F, Finetti P, Esterni B, Charafe-Jauffret E, 
Thibult ML, et al. High expression of indoleamine 2,3-dioxygenase 
in the tumour is associated with medullary features and favourable 
outcome in basal-like breast carcinoma. International Journal of 
Cancer. 2012;130:96–104. 

36.	Jamdade VS, Sethi N, Mundhe NA, Kumar P, Lahkar M, Sinha N. 
Therapeutic targets of triple-negative breast cancer : a review 
Tables of Links. 2015;172(17):4228-37. Available from: doi: 10.1111/
bph.13211.

37.	Jang G, Hong I, Kim R, Lee S, Park S, Lee E, et al. Wnt / b -Catenin 
Small-Molecule Inhibitor CWP232228 Preferentially Inhibits the 
Growth of Breast Cancer Stem-like Cells. 2015;75(8):1691-702. 
Available from: doi: 10.1158/0008-5472.CAN-14-2041. 

38.	Jimenez C, Hernandez C, Pimentel B, Carrera AC. The p85 Regulatory 
Subunit Controls Sequential Activation of Phosphoinositide 
3-Kinase by Tyr Kinases and Ras. The journal of biological 
chemistry. 2002;277:41556–62. 

39.	Khramtsov AI, Khramtsova GF, Tretiakova M, Huo D, Olopade OI, 
Goss KH. Wnt / ␤ -Catenin Pathway Activation Is Enriched in Basal-
Like Breast Cancers and Predicts Poor Outcome. 2010;176:2911–20. 

40.	Kim J, Tang JY, Gong R, Kim J, Lee JJ, Clemons K V, et al. Itraconazole, a 
commonly used anti-fungal that inhibits Hedgehog pathway activity 
and cancer growth. Cancer Cell. 2014;17:388–99. 

41.	Lehmann BD, Jovanović B, Chen X, et al. Refinement of Triple-Negative 
Breast Cancer Molecular Subtypes: Implications for Neoadjuvant 
Chemotherapy Selection. PLoS One. 2016;11(6):e0157368. Published 
2016 Jun 16. Available from: doi:10.1371/journal.pone.0157368

42.	Lehmann BDB, Bauer J a J, Chen X, Sanders ME, Chakravarthy AB, 
Shyr Y, et al. Identification of human triple-negative breast cancer 
subtypes and preclinical models for selection of targeted therapies. 
Journal of Clinical Investigation. 2011;121:2750–67. 

43.	Li L, Yuan H, Xie W, Mao J, Caruso AM, Mcmahon A, et al. Dishevelled 
Proteins Lead to Two Signaling Pathways. 1999;274:129–34. 

44.	Lips EH, Mulder L, Oonk A, Kolk LE Van Der, Hogervorst FBL, 
Imholz ALT, et al. Triple-negative breast cancer : BRCAness and 
concordance of clinical features with BRCA1-mutation carriers. 
British Journal of Cancer. 2013;108:2172–7. 

45.	Liu P, Cheng H, Roberts TM, Zhao JJ. Targeting the phosphoinositide 
3-kinase (PI3K ) pathway in cancer. Nat Rev Drug Discov. 
2009;8:627–44. 

46.	Maeda T, Masayuki H, Jin C, Rajabi H, Tagde A, Alam M, et al. MUC1-C 
Induces PD-L1 and Immune Evasion in Triple-Negative Breast 
Cancer. Cancer Research. 2018;78(1):205-215. Available from: doi: 
10.1158/0008-5472.CAN-17-1636.

47.	Manning BD, Cant ley LC . AK T/PKB Signaling: Navigat ing 
Downstream. Cell. 2007;129:1261–74. 

48.	Marra A. Practical classification of triple-negative breast cancer: 
intratumoral heterogeneity, mechanisms of drug resistance, and 
novel therapies. npj Breast Cancer. 2020;6:1–16. Available from: 
doi: 10.1038/s41523-020-00197-2.

49.	Montagut C, Settleman J. Targeting the RAF-MEK-ERK pathway in 
cancer therapy. Cancer Letter. 2009;283:125–34. 

50.	Mora A, Komander D, Van Aalten D, Alessi D. PDK1, the master 
regulator of AGC kinase signal transduction. Semin Cell Dev Biol. 
2004;15:161–70. 

51.	Moynahan ME, Pierce AJ, Jasin M. BRCA2 Is Required for Homology-
Directed Repair of Chromosomal Breaks. 2001;7:263–72. 

52.	Noguera-Troise I, Daly C, Papadopoulos N, Coetzee S, Boland P, 
Gale N. Blockade of Dll4 inhibits tumor growth by promoting non-
productive angiogenesis. Nature. 2006;444:1032–7. 



Understanding TNBC

Int. J. Pharm. Sci. Drug Res., March-April, 2022, Vol 14, Issue 2, 290-299 299

53.	Paplomata E, Regan RO. The PI3K / AKT / mTOR pathway in breast 
cancer : targets , trials and biomarkers. 2014;6(4): 154–166.
Available from: doi: 10.1177/1758834014530023.

54.	Parinyanitikul N, Blumenschein GR, Wu Y, Lei X, Chavez- MM, Smart 
M, et al. Mesothelin expression and survival outcomes in triple 
receptor negative breast cancer. Clin Breast Cancer. 2013;13(5):378-
84. Available from: doi: 10.1016/j.clbc.2013.05.001. 

55.	Pennica D, Swanson TA, Welsh JW, Roy MA, Lawrence DA, Lee J, 
et al. WISP genes are members of the connective tissue growth 
factor family that are up-regulated in Wnt-1-transformed cells and 
aberrantly expressed in human colon tumors. Proc Natl Acad Sci 
USA. 1998;95:14717–22. 

56.	Peshkin BN, Alabek ML, Isaacs C. BRCA1/2 Mutations and Triple 
Negative Breast Cancers. Breast Dis. 2010;32(1-2):25-33. Available 
from: doi: 10.3233/BD-2010-0306.

57.	Pohl S, Brook N, Agostino M, Arfuso F, Kumar AP, Dharmarajan 
A. Wnt signaling in triple-negative breast cancer. 2017;6, e310. 
Available from: https://doi.org/10.1038/oncsis.2017.14

58.	Polkinghorn W, Tarbell N. Medulloblastoma: tumorigenesis, current 
clinical paradigm, and efforts to improve risk stratification. Nat Clin 
Pract Oncol. 2007;4:295–304. 

59.	Powell SN, Kachnic LA. Roles of BRCA1 and BRCA2 in homologous 
recombination , DNA replication fidelity and the cellular response 
to ionizing radiation. 2003;22(37):5784-91. Available from: doi: 
10.1038/sj.onc.1206678.

60.	Previs RA, Coleman RL, Harris AL, Sood AK. Molecular Pathways : 
Translational and Therapeutic Implications of the Notch Signaling 
Pathway in Cancer. 2015;21(5):955-61. Available from: doi: 
10.1158/1078-0432

61.	Raghavendra A, Kalita-de Croft P, Vargas AC, Smart CE, Simpson 
PT, Saunus JM, et al. Expression of MAGE-A and NY-ESO-1 cancer/
testis antigens is enriched in triple-negative invasive breast cancers. 
Histopathology. 2018;73:68–80. 

62.	Robinson GW, Orr BA, Wu G, Gururangan S, Lin T, Qaddoumi I et 
al. Vismodegib exerts targeted efficacy against recurrent sonic 
hedgehog - Subgroup medulloblastoma: Results from phase II 
Pediatric Brain Tumor Consortium studies PBTC-025B and PBTC-
032. Journal of Clinical Oncology. 2015;33(24):2646-2654. Available 
from: https://doi.org/10.1200/JCO.2014.60.1591

63.	Roy mans D, Slegers H. Phosphat idylinositol 3-k inases in 
tumor progression. 2001;268(3):487-98. Available from: doi: 
10.1046/j.1432-1327.2001.01936.x.

64.	Schu U, Zhao Q, Godinho SA, Heine VM, Medema H, Pellman D, et al. 
Forkhead Transcription Factor FoxM1 Regulates Mitotic Entry and 
Prevents Spindle Defects in Cerebellar Granule Neuron Precursors. 
2007;27(23):8259-70. Available from: doi: 10.1128/MCB.00707-07.

65.	Sharma P. Biology and Management of Patients With Triple-Negative 
Breast Cancer. The Oncologist. 2016;21:1050–62. 

66.	Shi Y, Jin J, Ji W, Guan X. Therapeutic landscape in mutational triple 
negative breast cancer. 2018;17(99). Available from: https://doi.
org/10.1186/s12943-018-0850-9

67.	Shih I, Wang T. Notch Signaling,γ-Secretase Inhibitors, and 

Cancer Therapy Inhibitors , and Cancer Therapy. Cancer Res. 
2007;67:1879–83. 

68.	Stagg J, Allard B. Immunotherapeutic approaches in triple-negative 
breast cancer: Latest research and clinical prospects. Therapeutic 
Advances in Medical Oncology. 2013;5:169–81. 

69.	Stoppa-lyonnet D. The biological effects and clinical implications of 
BRCA mutations : where do we go from here ? 2016;24 Suppl 1(Suppl 
1):S3-9. Available from: doi: 10.1038/ejhg.2016.93.

70.	Summa S De, Pinto R, Sambiasi D, Petriella D, Paradiso V, Paradiso 
A, et al. BRCAness : a deeper insight into basal-like breast tumors. 
2013;24 Suppl 8:viii13-viii21. Available from: doi: 10.1093/annonc/
mdt306.

71.	Teh M, Wong S, Neill GW, Ghali LR, Philpott MP, Quinn AG. FOXM1 
Is a Downstream Target of Gli1 in Basal Cell Carcinomas 1. 
2002;62(16):4773-80.

72.	Tentori L, Graziani G. Chemopotentiation by PARP inhibitors in 
cancer therapy. Pharm Res. 2005;52:25–33. 

73.	Tentori L, Porarena I, Graziani G. Potential clinical applications of 
poly (ADP-ribose) polymerase inhibitors. Pharm Res. 2002;45:73–
85. 

74.	Tetsu O, McCormick F. Beta-catenin regulates expression of cyclin 
D1 in colon carcinoma cells. Nature. 1999;398:422–6. 

75.	Turner NC, Reis-filho JS. Basal-like breast cancer and the BRCA1 
phenotype. 2006;25(43):5846-53. Available from: doi: 10.1038/
sj.onc.1209876.

76.	Vivanco I, Sawyers C. The phosphatidylinositol 3-kinase AKT 
pathway in human cancer. Nat Rev Cancer. 2002;2:489–501. 

77.	Von Hoff DD, LoRusso PM, Rudin CM, Reddy JC, Yauch RL, Tibes 
R, Weiss GJ, Borad MJ, Hann CL, Brahmer JR, Mackey HM, Lum BL, 
Darbonne WC, Marsters JC Jr, de Sauvage FJ, Low JA. Inhibition 
of the hedgehog pathway in advanced basal-cell carcinoma. N 
Engl J Med. 2009;361(12):1164-72. Available from: doi: 10.1056/
NEJMoa0905360. 

78.	Wallace MD, Pfefferle AD, Shen L, McNairn AJ, Cerami EG, Fallon BL, 
et al. Comparative Oncogenomics Implicates the Neurofibromin 1 
Gene (NF1) as a Breast Cancer Driver. Genetics. 2012;192:385–96. 

79.	Wee P, Wang Z. Epidermal Growth Factor Receptor Cell Proliferation. 
Cancers (Basel). 2017 May; 9(5): 52. Available from: doi: 10.3390/
cancers9050052

80.	White M. The IRS-signalling system: a network of docking proteins 
that mediate insulin action. Mol Cell Biochem. 1998;182:3–11. 

81.	Wismar J, Habtemichael N, Warren JT, Dai J, Gilbert LI, Gateff E. 
The Mutation without children rgl Causes Ecdysteroid Deficiency 
in Third-Instar Larvae of Drosophila melanogaster. 2000;17:1–17. 

82.	Xie Y, Gou Q, Wang Q, Zhong X, Zheng H. The role of BRCA status 
on prognosis in patients with triple- negative breast cancer. 
2017;8:87151–62. 

83.	Xu W, Yang Z, Lu N. A new role for the PI3K / Akt signaling pathway 
in the epithelial-mesenchymal transition. Cell Adhesion & Migration. 
2015;9:317–24. 

84.	Zhang J, Powell SN. The Role of the BRCA1 Tumor Suppressor in DNA 
Double-Strand Break Repair. 2005;3:531–40.

HOW TO CITE THIS ARTICLE: Patel P, Shah J. Understanding Triple Negative Breast Cancer: A Review on Molecular Signaling Pathways. Int. J. Pharm. 
Sci. Drug Res. 2022;14(2):290-299. DOI: 10.25004/IJPSDR.2022.140220


	Introduction
	Materials and Methods
	Materials
	Methods


