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Abstract: Drug discovery utilizes high-throughput screening (HTS) methods applying target and cell-based 

assays. This review discusses the challenges and benefits associated with these assays in HTS. Discussed the 

strategies that can be applied for the development of screening assays through primary and secondary screens 

for target identification. Further discussion on identifying the most efficacious drugs following these 

approaches in cancer. Even though various drugs have been identified to treat cancer, there is high demand of 

more relevant phenotypic assays to produce desired diseased phenotype to only highlighting the specific 

targets instead of off-targets. Hopefully, the new developing strategies could provide innovative drugs to treat 

cancer patients to reduce mortality rate. 

Keywords: target based screening; phenotypic based screening; targets; transcriptional reprogramming, high-

throughput screening, cancer therapeutics 

 

Introduction 

The current drug discovery paradigm is highly focused on high-throughput screening (HTS), 

where large libraries of compounds are screened against the target of interest to identify suitable and 

most probable approaches for additional biological or pharmacological targets to get beneficial 

therapeutic outcomes [1, 2]. The lead identified targets are being used as probes to address biological 

questions in basic research. These days, combinatorial chemistry and genomics data is being highly 

applied to HTS in the drug discovery process [3]. However, the process of testing the large compound 

libraries for their binding affinity or biological activity is very expensive to generate a sufficient 

number of hits for drug[4, 5]. Recent studies are being more likely to believe in information-driven 

strategy rather than screening huge number of compounds to achieve higher probability of success. 

It gets more complex and expensive when we reach to mimic more relevant disease phenotype. This 

emphasizes the demand of methods to develop integrated approach to enhance quantity, quality, 

and cost efficiency. The idea of applying combinatorial chemistry is to screen huge array of 

structurally diverse compounds in one screen to allow rapid concurrent screening against specific 

drug targets. These smart libraries would only be helpful for drug discovery when we know exactly 

about the druggable target.  In this regard particularly genomics comes into the picture, which gives 

the information on the type of mutation and its burden depending upon the disease and age. A case 

study on a 10-year-old boy with a multiple recurrent glioblastoma facing challenges in treatment due 

to inter- and intra-tumoral heterogeneity was solved with the integrated application of genomic, in 

vitro, and in vivo testing [6]. Many novel potential drug targets have been identified by using the 

information of genomics.  Pharmaceutical industry utilizes various technologies in terms of assay 

miniaturization, lab automation and methodologies to make the whole process cost and time effective 

and enhance the efficacy and selectivity [7]. To improve its efficiency, HTS has been miniaturized to 

ultra-high-throughput screening (uHTS) to enable vigorous testing [8]. HTS efforts resulted 

Viramune (brand name, nevirapine), a non-nucleoside reverse transcriptase inhibitor against HIV [9]  

and since 1999, FDA has approved around 61 first-in-class small molecules for the treatment of 
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cancer, cardiovascular and metabolic disorders, gastrointestinal and infectious diseases [10]. Among 

them, total 46 were through phenotypic screening (e.g., Azacitidine, Fulvestran, Nelarabine, and 

Vorinostat) and 17 through target-based screening (e.g., Bortezomib, Gefitinib, Imatinib, Sorafenib 

and Sunitinib).  

After all these new implements, though the rate of successful drugs screening is very low due to 

molecular heterogeneity underlying disease mechanisms within and between patients for many 

disease types is the limitations of contemporary drug discovery strategies. Therefore, “one drug, one 
target” paradigm is usually followed to reduce unwanted off-target side effects. However, this 

approach oversimplifies the mechanisms, which are actually very complicated and controlled by 

various factors in the real scenario inside the cells. Highly potent and single-target treatments could 

exhibit weak clinical efficacy as compared to multi-target drugs [11, 12]. Although, most of the 

effective drugs are multi-target ligands and affect diversity of molecular mechanisms[13-16]. 

Examples of multi-targeting anti-cancer drugs include Lapatinib and Duvelisib, which  is a 

reversible, ATP-competitive inhibitor of the human epidermal growth factor receptor 2 (HER2) and 

epidermal growth factor receptor (EGFR) tyrosine kinases [17] and a dual inhibitor of PI3K-δ and 

PI3K-γ,showed promising clinical efficacy in advanced hematologic malignancies [18]. The dilemma 

of choosing single or multiple target drug can be solved by prior screening of compounds with 

biochemical and cell-based assays one by one.  

HTS demands the development of robust assays that provide high signal-to-noise ratios, which 

can be applied to small volumes as well. Therefore, cell based in vitro assay are more relevant to 

biological phenotypes to predict the therapeutic response in a quick and effective manner. Cell-based 

assays include in vitro toxicity assay, RNAi, second messenger, cell proliferation, and reporter assays 

[19]. Cell-based assays have several advantages over cell-free biochemical assays in many aspects 

such as resemblance to the clinical physiological state, less expensive, and real selectivity of 

compounds that can cross cell membrane to reach target sites. Both screening methods have 

immensely contributed to drug discovery, by producing high-quality data (Figure 1) [20]. Depending 

upon the information available on the disease target and the availability of specific library against 

that target would decide which stream of assays need to be performed first or both phases can go 

parallelly. Eventually, all the primary hit compounds passed through the phase I (primary screening) 

will go to phase II for cell-based assay to see its pharmacokinetics and pharmacodynamics studies. 

Here, we review in brief the screening methods and their challenges and benefits in HTS. In 

addition, several recent methodologies will be discussed to develop successful experimental assay 

and their implementation via primary and secondary screens, and target identification. Further 

discussion on identifying the most efficacious drugs following these approaches in cancer.  
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Figure 1. Overview of the drug selection process in HTS and workflow to select effective drug. 

Target-Based Screening 

Biochemical assays are based on target where defined/known molecular targets are used to find 

a lead compound from the library that can efficiently induces/inhibits the target’s activity [21]. Target-

based screening utilizes the information from genomics to identify the targets causing disease, which 

is already available through prior phenotypic studies. Genomic studies also provide functional 

targets to understand MOA [22]. Therefore, the target-based approach is quite simpler, direct, and 

specific because of prior knowledge of drug’s MOA availability, which can be easily utilized to 

understand the interaction of drug with the target in a relatively easy manner as compared to 

phenotype-based screening approaches. Several ways have been followed to identify MOA such as 

protein-protein interactions, structural and receptor mediated protein targets, and regulatory factors. 

These hallmark biochemical assays involve the assessment of enzymatic activity for cell growth, 

proliferation, differentiation, and metabolism. Drug discovery also utilizes two most popular target 

classes, one is enzymes and the other one is G-protein coupled receptors (GPCRs).  GPCRs are 

considered as the largest family of targets for approved drugs due to its direct interaction with 

numerous chemical entities and instigates molecular interactions in the extracellular milieu [23]. 

Another druggable target is ion channels because of its coupling with the plethora of physiological 

consequences [24-31]. Biochemical assays include enzymatic kinase assays, voltage-gated ion 

channels, and serine/cysteine proteases fluorescence resonance energy transfer (FRET), fluorescence 

correlation spectroscopy (FCS), fluorescence intensity distribution analysis (FIDA), and in vitro 

transcription assays [32]. Main purpose of these assays to screen out the compounds within 

compound libraries having the potential to induce enzyme activity. The critical parameter for kinase 

assay development is the ability to choose an appropriate “readout” technology and the amount of 

enzymes, kind of cell lines, type of antibodies and the reference compounds. Moreover, these assays 

need to be neccessarly optimized for reagents, readout time-points amount of buffer conditions, 
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reagent concentrations, timing, stopping, order of addition, plate type and assay volume [33]. 

Fragment-based screening method is one of the most popular ways to identify drug’s interaction with 
the specified target protein of interest, that is ligand binding assay. Here, the target of interest has to 

either isolate and purified for cell free system or recombinantly expressed in a cellular system. Then 

the library of compounds is screened through various in vitro assays to find selective chemicals which 

can modulate the activity of the target proteins. Another approach is measurement of binding activity 

through Nuclear magnetic resonance (NMR) spectroscopy to screen library of compounds. It is a 

powerful tool for fragment-based drug discovery to discover high-affinity ligands for target proteins 

[34]. In 2011, FDA approved the first small molecule inhibitor, Vemurafenib originating from a 

fragment-based screen [35]. Following this robust screening, final lead compounds are rested for their 

potency in terms of pharmacokinetic properties, enzyme, and cellular activity of the protein/enzyme 

[36]. Usually, target-based screening assays are simple and produce less variation due to 

homogeneous nature of reactions with purified proteins. Importantly, these selected compounds not 

always translate into the same activity in a cellular context or in vivo. Since, the intracellular 

environment is very complex and crosstalk between various signaling pathways lead to undesired 

target or misleading targets, cellular impenetrability of the compound, or compound metabolism 

causing undesirable toxic effects. In spite of these challenges, 70% of successful drugs results from 

target-based screening that offer new therapeutic options that are precise and personalize  to specific 

mutations or to counter resistance [37]. Imatinib, a tyrosine kinase inhibitor was the first cancer 

therapies, which showed targeted specificity against BCR-ABL, c-KIT, and PDGFRA proteins [38]. 

Not only being successful in chronic myeloid leukemia, but it has also shown benefits to steroid-

refractory chronic graft-versus-host disease because of its activity against PDGFR action. However, 

due to the problem of its resistance through Bcr-Abl-dependent and -independent mechanisms, new 

drugs, such as dasatinib, nilotinib, bosutinib and ponatinib have been developed[39]. A natural 

anticancer compound, cryptotanshinone, is an abietane diterpenoid functions as an anticancer agent 

by inhibiting cell proliferation via dual inhibition of pSTAT5 and pSTAT3 that effectively blocks IL-

6-mediated STAT3 activation and reverse Bcr-Abl kinase-independent drug resistance in chronic 

myelogenous leukemia (CML) [40]. There are therapies to treat TNBC-breast cancer irrespective of 

BRCA status by targeting the neddylation pathway using a selective inhibitor, MLN4924, a selective 

inhibitor of neddylation enzyme NEDD8 Activation Enzyme (NAE1). It promotes G2-M arrest and 

apoptosis in CML cells [41, 42].  

Phenotype Based Screening 

Despite the continued discovery of therapeutic compounds based on target-based drug 

discovery technologies, recent drug approval list follows cell-based assays, which represent 

approximately half of all high-throughput screens currently performed. Phenotype base screening 

offers a way advantages over target-based methods due to discovery of multiple protein-level targets 

or hits and leads in complex biological systems without prior knowledge of a direct molecular target 

[20]. 

In recent years, cell-based assays focused on the modulation of a cellular phenotype in a way 

that has biological relevance to the disease. Instead, these assays identify modulators of a pathway of 

interest in more physiological environment that mimics some aspect of disease. This approach 

facilitates to understand the MOA for the disease with additional layer of information instead of 

single-target based biochemical approach [43]. Multiple endpoints at various levels are determined 

by primary endpoints and secondary endpoints. Primary endpoints e.g., cell viability and 

proliferation are followed by secondary endpoints. Once primary endpoints are successfully 

determined, then functional assays such as second messenger mobilization (intracellular calcium 

fluxes or cAMP) after GPCR activation [44, 45], reporter gene assays, cell migration, cytokinesis are 

performed [46-48].  

A big question arise is that how do we know the phenotypic drug screen is a good one and what 

makes a good phenotypic drug screen (Figure 2)? To answer this, in 2015, Vincent et al. coined the 

phenotypic screening “rule of 3” that emphasized on three specific criteria to design the most 
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predictive phenotypic assay [49]. First is the relevance of the assay system to the disease that 

highlights the importance of physiological relevance in the assay systems. Advance in vitro preclinical 

studies results translate to clinical outcomes by widely using the primary cells and induced 

pluripotent stem cell (iPSC)–derived cells that are considered to be more representative of human 

physiology [50]. First HTS study by the group McNeish et al, utilizing murine embryonic stem cell-

derived neurons to screen around 2 million compound-library for α-amino-3-hydroxyl-5-methyl-4-

isoxazolepropionate (AMPA) subtype glutamate receptors showed human translatability by showing 

a similar rank order in hit potency [51]. Hence, the phenotypic assays predict more translatability to 

clinical outcome and helps to predict the clinical therapeutic response to a drug. Second criteria is the 

relevance of the stimulus to achieve the production of the desired phenotype. The purpose of stimuli 

is to engage specific signaling pathways related to the disease caused by the imbalance of the 

crosstalk between signaling. This can be achieved by focusing on the highly disease-relevant 

biological systems possessing the same genetic background as depicted by iPSCs [52-54]. Lee et al., 

2012, have tested 6,912 small-molecule compounds screening in neural crest precursors derived-

iPSCs from individuals with familial dysautonomia (FD). FD is caused by a single point mutation in 

the I-κ-B kinase complex-associated protein (IKBKAP) gene. They found a potential hit SKF-86466, 

was able to rescue IKBKAP transcription through intracellular cAMP levels modulation [54]. Another 

study on Cystic fibrosis that is the result of mutations in the CF transmembrane conductance 

regulator (CFTR) gene required for an epithelial chloride channel has aimed to correct the processing 

of F508del-CFTR with small molecules e.g., VX-809, a CFTR corrector. It improves F508del-CFTR 

processing and folding in the endoplasmic reticulum and trafficking to the cell surface [53]. 

If the mechanism and the root cause of the disease is not well understood, then the efforts should 

be made to induce such effect by using inflammatory or cytotoxic agents to recreate a cellular injury 

of interest. The last criterion is to determine the assay readout endpoint relevant to the clinical end 

point. To address this concern, more complex cell models and a range of microphysiological systems 

have emerged that better recapitulate in vivo physiological characteristics. In this regard, patient-

derived organoids give hope to personalized medicine because of their ability to mimic at least some 

function of an organ and can be derived from iPSCs or donor tissue. In extension to this model, whole 

organism-based screens provide an additional level of physiological relevance beyond cell-based 

assays. For example, utilizing those organisms that can readily adapted to growth e.g., yeast and 

bacteria have been conducted extensively in the pharmaceutical and biotechnology industries [55-

59]. Secondary to this step is utilizing multicellular organisms such as zebrafish, worms, and plants, 

where cell-to-cell communication and multi-dimensional tissue organization could implicate more 

relevance to human [59-63]. For example, a large-scale screening of 16,000 compound library has 

identified a compound, persynthamide (psy, 1), that delayed S-phase of the cell-cycle and suppressed 

bmyb-dependent mitotic defects [64]. These models not only help to understand the developmental 

process but also pull outs the mechanisms of the disease e.g., chemical genetic analysis using 

zebrafish embryos to identify the role of PI3K and ERK in artery/vein specification to decide the 

arteries or veins cell-fate from angioblasts by using GS4898, a known PI3K inhibitor [65]. This study 

utilized zebrafish model very beautifully to screen small molecules against PI3K inhibitors from the 

DiverSet E library (Chembridge). Screening was performed in 96-well plates containing 1, 2-celled 

stage and 6-somite stage embryo derived from zebrafish with a mutation (grlm145) in hey2/gridlock that 

lack trunk and tail circulation because of an aortic dysmorphogenesis that resembles congenital aortic 

coarctation in humans.  

Translational biomarkers can be considered as an clinically end point assay readouts to predict 

efficacy in patients [66] but the limitation is biomarkers are not a remedy because of difficulty to 

identify and validate for a range of target hits [67, 68]. Most recent advancements in new disciplines 

such as genomics, proteomics, transcriptomics, metabonomics, bioinformatics and system biology 

could impact the understanding of disease due to either loss or gain of function or activation of genes, 

that can be measured by CRISPR technologies [69, 70]. Another approach that supports drug 

discovery is RNAi that helps in hit selection, lead optimization and development of animal models. 

For gene editing, CRISPR-Cas9 technology is being used without altering the DNA. Integrated 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 October 2023                   doi:10.20944/preprints202310.1708.v1

https://doi.org/10.20944/preprints202310.1708.v1


 6 

 

genomic screening approach using CRISPR–Cas9 and RNAi to induce loss of function has been used 

to identify new potential therapeutic targets in a rare sarcoma [71]. In this study, Hong et. al., has 

developed a patient-derived cancer cell line, CLF-PED-015-T from a patient with a rare 

undifferentiated sarcoma that holds most of the somatic genetic alterations found in a metastatic 

lesion isolated. They used other complimentary methods such as CRISPR-Cas9 and RNAi mediated 

loss-of-function screens to identify CDK4 and XPO1 as druggable cancer targets. They performed 

small-molecule screen in CLF-PED-015-T using a library of small molecules from Broad Institute 

Informer Set containing 72 drugs approved by the US Food and Drug Administration (FDA), 100 

clinical candidates and 268 biologically active chemical probes to screen for antiproliferative effects 

in a cell line derived from the sarcoma.  

 

Figure 2. Drug development challenges and models can be used to identify and validate targets 

before clinical trials. 

Challenges to Phenotypic Screening  

Phenotypic screening often suffers from a very potential disadvantage that is target 

deconvolution, which is an important step for understanding compound MOA. Phenotypic screening 

provides identification of multiple off-targeted proteins or pathways, which might not link to a given 

biological output. These multiple target identification can generate a spectrum of possible other 

associated targets. This process is termed as ‘target deconvolution’ that arises due to possible 

interaction of small molecules with multiple cellular and/or extracellular targets or non-protein 

targets [72, 73]. However, target deconvolution is not a primary condition or demand for passing any 

candidate drug from phenotypic screens into late-stage preclinical or even clinical development [74-

76]. Advances in the field of chemical proteomics, coupled with in silico approaches, genome 

sequencing, have greatly improved our ability to determine protein targets and underlying hits from 

phenotypic screens [77-79]. On one hand, single target based approach is more useful to understand 

MOA of the drug and bridge the link between modulation of target through a MOA while on the 

other hand, it could lead to off target drug activity and toxicity and suggest the need of multi-targeted 

therapies to address complex multifactorial disease mechanisms [80, 81].  

Second major challenge is metagenes influencing multiple signaling. Genome-wide gene 

expression profiling measures gene activities (expressions) in the given cell for a certain time frame 

that helps to understand human diseases at the molecular level [82, 83]. Molecular targets can be 

recognized by the consistent pattern of gene expression across large cohorts of human samples, which 

provide insights to evaluate treatment-related phenotypic changes on the molecular basis. Indeed, 

distinct tumor subtypes in the same histological environment may present differential response that 

can cause remarkable hurdle for drug development and treatment implications [84]. The reason 

behind the differential response to therapies could be the heterogeneous patterns of gene expression 
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called metagenes, which influence multiple physiological properties tumor via various signaling e.g., 

RAS, Myc pathways regulates the degree of epithelial-to-mesenchymal transition [85-87]. Rising 

incidences of drug resistance, and limited efficacy against complex diseases exacerbate the difficulties 

of drug discovery. To ease these bottlenecks, drug discovery started thinking of using 

polypharmacology as an alternative new therapeutic strategy, where therapeutic molecules are being 

used that can be recognized by multiple biomolecular targets [88]. However, the limitation of using 

this strategy involve toxicological concerns or side-effects. These complexities in molecular patterns 

reveal the need of more efficient understanding of drug MOA at phenotypic and pathway levels for 

drawing correct diagnostic and prognostic decisions.  

Screening for Genotoxic Compounds 

Genotoxicity in the cancer cells can be induced by the treatment of chemotherapeutic agents, 

e.g., chlorambucil, cyclophosphamide, cisplatin, oxalaplatin, 5-fluorouracil, anthracyclines, 

methotrexate, and topoisomerase inhibitors, to induce cell death [89, 90]. In 2009, Ji et al., has 

developed a DNA-repair pathways-deficient chicken DT40 cell lines for high-throughput 

genotoxicity screening that have effective gene targeting, stable phenotype and karyotype and are 

easy to maintain in suspension culture [91-94]. However, there several other phenotypic assays for 

screening out genotoxic compounds include GreenScreen HC GADD45a-green fluorescent protein 

(GFP) (BlueScreen HC , CellCiphr p53, and CellSensor p53-bla [95-98]. A study tested 320 

predominantly pesticide active compounds in Phase I of US. Environmental Protection Agency's 

ToxCast research project. These systems utilize p53 or DNA-damage associated genes due to their 

role in a genotoxic stress causing the arrest of cell cycle at the G1/S phase until repair is effective, 

otherwise cells will go under apoptosis. Gentronix ‘GreenScreen HC’ assay utilizes the fact of 
genotoxin-induced transcription of GADD45a (growth arrest and DNA damage) gene in human 

lymphoblastoid TK6, a karyotypically stable cell line[99]. This assay measures cell’s response to 
genotoxic stress, which is linked to the GFP reporter having p53 regulatory elements that ensure 

specific and dose-dependent response from the gene reporter [97]. The cellular systems biology 

(CSB™) approach (Cellumen ‘CellCiphr’ profile) is used to measure DNA damage-induced 

cytotoxicity in human cellular hepatic cell line HepG2 by activating p53 via a fluorescent anti-p53 

antibody [100]. Another p53 dependent beta-lactamase reporter assay is Invitrogen ‘CellSensor’ assay 

to measure cytotoxicity in HCT-116 cells [101, 102]. Lack of metabolic activation and the removal of 

genotoxic lesions by the DNA repair system could lead to high false-negative [96]. Therefore, ATAD5-

luciferase assay developed by Fox et al. 2012, which is based on the ATAD5 protein expression levels 

upon DNA damage [103, 104]. ATAD5 is a suppressor of direct repeat recombination [105]. Though 

this assay, 22 antioxidant-compounds have been identified including potential chemotherapeutic 

agents (resveratrol, genistein, and baicalein), that offer improvements over conventional cancer drugs 

[103]. In 2018, Sylora et al., has developed an advanced the single cell gel electrophoresis (SCGE) 

assay coupled with data processing software (CometChip Platform) to identify and characterize 

genotoxic agents in large compound libraries. This tool can be applied to determine sensitivity to 

genotoxic exposures in human populations for epidemiological studies [106].  

Application in Tumor Chemoresistance and Cancer Treatment  

Cancer treatment suffers an obstacle due to resistance to chemotherapeutic agents because 

tumor cells develop a multidrug resistant (MDR) phenotype through changing the expression of 

transporter proteins e.g., ATP-binding cassette (ABC) superfamily that regulate intracellular drug 

concentrations or increasing repair of drug induced damage [107-110]. It has been observed in a study 

on mdr1a(-/-) mice that P-glycoprotein (P-gp) hampers the oral uptake of paclitaxel [111]. There were 

several efforts made to generate inhibitors to reverse chemoresistance caused by overexpression of 

high molecular weight surface P-gp  [112, 113]. In clinical trials with third generation modulators 

such as LY335979, R101933 and XR9576, showed better accumulation of Pgp substrate Tc-99m 

Sestamibi, an imaging agent in a subset of patients [114-116]. However, these inhibitors didn’t 
perform well in the clinical trials due to low bioavailability, unexpected secondary physiological 
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effects, and unanticipated drug-drug interactions [108, 117]. Therefore, several assays have been 

designed using human MDR cell lines to aid in the discovery of novel inhibitors against efflux pump 

P-gp coded by the MDR1/ABCB1 gene and other ABC transporters. Drug sensitive and resistant 

human myeloma cell lines, 8226/S and 8226/Dox6 were used to demonstrate association of P-gp 

overexpression with resistance to glucocorticoid, etoposide, doxorubicin, and vincristine [118]. 

Studies have identified several compounds such as mometasone furoate, NSC23925, NSC77037, 

pimozide, acacetin and loxapine as tolerable and effective therapy to reverse MDR [119-122].  

Cancer stem cell (CSC) can differentiate into other cell types of cells in the body due to 

phenotypic plasticity following transcriptional reprogramming driven by an evolutionarily 

conserved starvation response causing cancer progression and recurrence [123]. This leads to high 

heterogeneity among tumor tissue environments causing drug resistance [124]. Transcriptional 

reprogramming helps cancer cells not only to escape from host immune defense system but also 

stimulate invasion, proliferation and metastasis [125, 126]. This heterogeneity in the tumor 

microenvironment creates complexity in the signaling pathways due to unstable and altered genetic 

and epigenetic profiles that cause drug discovery process more difficult [127, 128]. Genetical 

modifications and several key pathways such as Wnt, phosphoinositide 3'-kinase signaling pathway 

(PI3K) signaling, interferons (IFNs), and Erk/MAPK signaling are involved in this reprogramming 

[129-133]. A detailed study by Van Keymeulen et al., 2015, has demonstrated how tumor 

heterogeneity is determined by the cancer cell of origin using Cre-inducible Pik3caH1047R knock-in 

mice, specifically in basal cells (BCs) using K5-CreERT2 mice [129]. They showed deletion of p53 and 

expression of Pik3ca(H1047R) accelerated more aggressive tumor development. Also, they 

determined its role in cancer cell fate switches depending upon its expression in basal and luminal 

cells. Stemness of cancer cells is also controlled by Wnt signaling that promotes migration and 

invasion of nasopharyngeal carcinoma (NPC) by upregulating expression of WNT5A in biopsies 

samples of metastatic NPC tissues [134]. To study Wnt signaling role in cancer treatment, cell lines 

were prepared to constitutively show the activated Wnt signaling [135, 136]. To make this cell line, 

inducible HEK cell line was used, which express Dvl2 fusion with estrogen receptor (ER) and 

luciferase with GFP genes under the control of a minimal c-Fos promoter with TCF-binding sites and 

Xnr3 enhancer. This cell line helps to screen β-catenin inhibitor such as CCT031374, CCT036477, and 

CCT7070535 that block β-catenin induction upon estradiol addition. These compounds were not only 

able to block the induction of β-catenin activity but also reduced the proliferation of colorectal cancer 

cell lines (HCT116, HT29 and SW480), and induced caspase 3 activation in HCT116 cells. 

EGFR signaling controls cellular and molecular pathways and its alteration leads to 

carcinogenesis. This receptor tyrosine kinase belongs to ERBB family of receptors, and its activation 

regulates KRAS and PI3K/PTEN pathways.  

HTS study to screen Ras-MAPK inhibitors against mitogen-activated protein/extracellular 

signal-regulated kinase 1 (MEK1) identified two series of substituted 4-anilino-3-

quinolinecarbonitriles as potent MEK1 inhibitors [137]. Torrance et al., identified Triphenyl 

tetrazolium (TPT) and a sulfinyl cytidine derivative (SC-D) as novel KRAS pathways inhibitors in 

DLD-1 colorectal cancer cells [138]. 

A most recent study by Liu et al., has shown how to overcome the resistance to a MEK inhibitor 

trametinib through epigenetic reprogramming using histone deacetylase (HDAC) inhibitors e.g., 

trichostatin A (TSA), suberoylanilide hydroxamic acid (SAHA), LBH589, and PXD101 in advanced 

ovarian cancer. They performed combinatorial drug screen with a customized epigenetics compound 

library from Selleck Chemicals in A2780-R and SKOV3 cells. LBH589 (Panobinostat, HDAC 

inhibitor)) in combination with trametinib retarded tumor growth in SKOV3 xenograft model [139]. 

Their findings demonstrated that HDAC inhibitors overcome resistance through the suppression of 

ERK restoration. 

PI3K signaling is involved in multiple cellular processes including cell survival and cell death 

mechanisms. In a study by Li et al., identified N'-[(1-benzyl-1H-indol-3-

yl)methylene]benzenesulfonohydrazide (CID1340132) as a novel compound to induce apoptosis 
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preferentially in PTEN and PIK3CA mutant human cancer cells through cell based drug screening 

[140]. 

IFNs (IFN-α and IFN-β) plays key role in cancer and several chronic diseases after binding to its 

receptors IFNAR1 and IFNAR2. This receptor complex activates Janus activated kinases (JAKs) and 

signal transducers and activators of transcription (STAT) pathways. HTS against type-I IFN with the 

secreted embryonic alkaline phosphatase (SEAP) reporter gene assay involving 32,000 compounds 

resulted 25 confirmed hits. Further screening by cytotoxicity assay in neuroblastoma cell line SH-

SY5Y showed two hits (CD2093-G007 and RUS0903-C006) that decreased viability to less than 50%. 

Finally, RUS0910-G009 exhibited inhibition of STAT1 and STAT3 phosphorylation and suppression 

of IRF7 mRNA transcription [141].  

Several investigations have been going on finding DNA repair factors through HTS assays to 

screen inhibitors targeting PARP-1, Ape1, RecA, and Rad51 [142-146]. Dillon et al., has developed a 

novel FlashPlate scintillation proximity assay HTS of large compound libraries to identify inhibitors 

of PARP-1 [142]. Further on, Peterson et al., has developed a robust method to screen large scale of 

small molecules in HTS against RecA using commercial reagents (Transcreener(®) adenosine 5'-O-

diphosphate [ADP](2) fluorescence polarization assay) [144]. Therefore, identification of biomarkers 

of these reprogramming at the level of gene and protein could help to explain MOA of different tumor 

variant types in different individual depending on the case (Figure 3) [147].  

Additionally, there are other relevant targets or the pathways that can be assessed. For instance, 

cancer signaling pathways involving the p53, RTK–RAS signaling [148-150] or various cell-cycle 

regulation targets such as cyclin D, cyclin E and the mitotic kinase Aurora 2 [151, 152]. Mortality rate 

is higher in breast cancer patients with overexpressing cyclin-dependent kinase 2/cyclin E2 

(CDK2/cyclin E2) via r via estrogen receptor pathway [153, 154] Another serine/threonine kinase 

oncogene, STK15/BTAK (approved gene symbols are Aurora 2, ARK1, AIK1) required for the 

formation of the mitotic bipolar spindle has been reported to be overexpressed in breast cancers [152]. 

These targets could be used in future to find more potential and selective cancer drugs. However, a 

study has shown that targeting Aurora proteins subfamily members such as Aurora A and Aurora B 

in combination would be ineffective rather each should be treated as autonomously because they 

have different biological response [155]. 

Cell cycle is tightly controlled by the regulation of p53 gene on cell cycle kinases that is cyclin-

dependent kinase (CDK4/6 and CDK2). Its inactivation or mutation causes dysregulation in 

proliferation and apoptosis leading to cancer. Therefore, an attempt has been made in drug 

development to restore its activity by using small molecules modulators (CP-31398, PRIMA1 and 

Nutlins) in p53 deficient human colon tumor xenografts (HCT116/p53(-/-) or DLD1) [156]. These 

compounds were able to reactivate p53 reporter activity via increasing its targeted genes such as p21 

(WAF1) and death receptor 5 (DR5). 

Similarly, heat-shock protein 90 (HSP90) is an important molecular chaperone found to be 

overexpressed in patients with cancer [157, 158]. HIF-1 is considered to be an important signaling 

pathway playing a crucial role in tumor progression and angiogenesis via upregulating kinases and 

hypoxia-inducible factor-1 (HIF-1) [159-161]. Other enzymes playing role in DNA modification such 

as histone acetyltransferases and histone deacetylases enzymes play critical role in chromatin 

modification required for post-translational modifications to catalyze acetylation and deacetylation 

of histones on specific lysine residues. It has possible role in the pathology of cancer, asthma, and 

viral infection [162-165].  

Moreover, genome-based strategy has already been successfully highlighted the use of 

Herceptin, a humanized antibody to the ErbB2 receptor to treat breast cancer because breast cancer 

patients overexpress [166]. Other example is farnesyltransferase inhibitor R115777 that showed 

efficacy in the treatment of human breast cancer xenografts [167] and in patients with advanced breast 

cancer [168]. Hopefully, further understanding of genetic versatility of breast cancer would highlight 

more druggable targets for HTS. On the same note, compounds either in combination or alone has 

demonstrated superior efficacy and tolerability than standard endocrine therapy, e.g., tamoxifen, in 

clinical trials for the treatment of breast cancer e.g., aromatase inhibitor Arimidex (anastrazole) in 
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hormone receptor-positive breast cancer in post-menopausal women [169, 170]. All these studies 

suggest HTS should be designed very carefully to determine effective compounds for clinical usage. 

 

Figure 3. Promising biological targets to be screened for drug screening for cancer treatment. 

Conclusion 

Different kind of drug screening methods in HTS have provided several potent compounds that 

are being used in treatment procedures. Even though these drug selection assays are not fully well 

developed to produce desired endpoint relevant to the disease phenotype. Therefore, this review 

highlighted the importance of choosing appropriate endpoints to develop and mimic more to the 

desired phenotype to select efficacious drug. However, new technologies such as genomics and 

proteomics provides abundant knowledge of the targets and their signaling but we still need to find 

out clear specific signaling axis that led to correct clinical outcome and provide innovative new agents 

to the cancer clinic for patient benefit. 

Table: List of targets and compounds/ inhibitors screened through high-throughput screen against 

oncogenic pathways. 

Druggable target Compounds Ref. 

P-glycoprotein 

LY335979, R101933 and XR9576 
[114-

116] 

Mometasone furoate, NSC23925, NSC77037, pimozide, 

acacetin and loxapine 

[119-

122] 

β-catenin (Wnt 

signaling) 
CCT031374, CCT036477, and CCT7070535 

[135, 

136] 

MEK1 
Class 1 and class 2 substituted 4-anilino-3-

quinolinecarbonitriles 
[137] 

HDAC 
Trichostatin A (TSA), suberoylanilide hydroxamic acid 

(SAHA), LBH589, and PXD101 
[139] 

KRAS 
Demethoxyviridin, mithramycin, triphenyl tetrazolium 

(TPT), sulfinyl cytidine derivative (SC-D) 
[138] 

PI3K/PTEN 
N'-[(1-benzyl-1H-indol-3-

yl)methylene]benzenesulfonohydrazide (CID1340132) 
[140] 

JAK/STAT RUS0910-G009 [141] 

p53 CP-31398, PRIMA1 and Nutlins [156] 
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