Drug Discovery in the Kinase Inhibitory Field using the Nested Chemical Library TM technology
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Abstract

Kinase inhibitors are in the front line of modern drug research where mostly three technologies are used for hit and lead finding: HTS of random libraries, 3D design based on X-ray data, and focused libraries around limited number of new cores. Our novel Nested Chemical Library (NCL) technology is based on a knowledge base approach where focused libraries around selected cores are used to generate a pharmacophore model. NCL was designed on the platform of a diverse kinase inhibitory library organized around 97 core structures. We have established a unique proprietary kinase inhibitory chemistry around these core structures with small focused sublibraries around each core. All of the compounds in our NCL library are stored in a big unified SQL (Structured Query Language) database along with their measured and calculated physicochemical and ADME and toxicity (ADMET) properties, together with thousands of molecular descriptors calculated for each compound. Drug-likeness of all the compounds can be visualized with the widely accepted calculated Lipinski parameters. Biochemical kinase inhibitory on selected cloned kinase enzymes for a few hundred compound sets from NCL can provide enough biological data for rational computerized design of new analogues based on our pharmacophore model generating 3DNET4WTM QSPAR (Quantitative Structure-Property/Activity Relationships) approach. Using this pharmacophore modelling approach and the ADMET filters we can preselect the synthesizable compounds for hit and lead optimisation. Starting from there and integrating the information from QSPAR high quality leads can be generated within a small number of optimization cycles.
Introduction
In recent years, dramatic developments in molecular biology and protein chemistry have greatly enhanced our understanding of the molecular pathomechanisms of various diseases. As a result, traditional concepts of drug design that apply trial-and-error approaches are being increasingly superseded by novel strategies. These are based on the knowledge of molecular pathomechanisms related to the disorders of inter- and intracellular signalling.
 More than 80 percent of diseases with known molecular pathomechanisms involve communication abnormalities, including cancer, infectious diseases, arteriosclerosis, arthritis, neurodegenerative disorders, etc. False proliferation signals, occupied signaling channels, cell-injury, inflammation, autoimmune reactions are potential factors in the etiology of these diseases.
 Signal transduction therapy endeavours to repair signaling defects involved in cell communication. A communication system works properly if the shared information is relevant and the individual components of the system contribute adequate responses. Communication is prerequisite to the maintenance and development of living systems and any malfunction of intra and intercellular communication leads to disease. Normal cells that duly perform their physiological functions do not send or receive false messages and are securely controlled by the messages of the communication network. They are even willing to “commit suicide” (apoptosis) for the sake of the host organism. This situation is entirely different with diseased cells. Cancer cells, for example, generate a false, mimicked proliferation signal for themselves (via oncogenes and other genomic changes) and these results in their uncontrolled growth, while the so called survival factors inhibit the programmed cell death mechanism.
,

In recent years many validated target molecules have been discovered in various pathological states especially in cancer and many more are expected in the near future. The human genome is reported to contain about 32,000 genes that express an estimated 250,000 to 300,000 proteins. The increased number of proteins might be explained by through alternative splicing and post transcriptional and translational modifications and regulations. About 20-25 percent of the druggable genome are kinases involved in signal transduction, but at this stage only 4 kinase inhibitors are in clinical practice, which means that the field still offers a lot of options for drug discovery. One of the first proof of concept drugs for signal transduction therapy in cancer was Gleevec – an inhibitor of Bcr-Abl kinase – launched in May 2002.
, 
 Gleevec treats chronic myeloid leukemia (CML) with 90-per-cent efficacy. According to our present knowledge almost 200 compounds with kinase inhibitory activity are in preclinical and clinical development against more than 50 kinase targets for signal transduction therapy (the current clinical pipeline contains 53 small molecule kinase inhibitors)
 this definitely indicates the significance influence of this area in drug research.
, 
 The most important small molecule synthetic tyrosine kinase inhibitors which have been launched or are in late stage clinical development for cancers are Gleevec, the epidermal growth factor receptor tyrosine kinase inhibitors: Iressa, Tarceva and Lapatinib, the B-Raf inhibitor BAY-43-9006 and the VEGF kinase inhibitor, SU11248. Several agents targeting other tyrosine kinases implicated in cancer, are in preclinical development.
 Our team contributed significantly to the development of SU101 which has reached Phase III. Clinical trials and to the predecessor oxindols of SU11248, one of the most promising clinical candidates in cancer trials, which addresses inhibition of the tyrosine kinases PDGF-R, Flt-3, VEGF-R, and c-kit
, 
, 

Hit and lead finding strategies against validated targets can be achieved via high throughput screening of huge combinatorial chemistry libraries or via rational drug discovery. 

Theoretically combinatorial chemistry can result in extreme numbers (10100) of planned compounds. This number can be reduced by applying pertinent restrictions (i.e. exclusion of larger molecules and using Lipinski’s rules); however, approximately 1050 molecules remain after applying such filters, which means that combinatorial chemistry still means as much as shooting in the dark. This confirms the conclusion that testing random libraries for hit and lead finding cannot be efficient and rational drug design is thus the preferred scenario for kinase inhibitor drug discovery.
 The scheme of rational drug design is illustrated in Figure 1.
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Figure 1. Scheme of rational drug design (HTS: High Throughput Screening, RDD: Rational Drug Design).
Originally, the term rational drug design was used for the planning of molecules, based on the three-dimensional structure of targets. In the meantime, however, the concept of rational drug design has been expanded and now it means the whole complex process including pathomechanism-based target selection, target validation, structural biology, molecular modelling, structure-activity relationships, pharmacophore-based compound selection and pharmacological optimisation.

Materials and Methods

Vichem Chemie Research Ltd has developed a unique hit and lead finding method based on its Nested Chemical LibraryTM (NCL) technology (Figure 2.) The NCL was designed on the platform of our up-to-date knowledge base what we have built up from the knowledge we accumulated from our experience in the last 15 years of kinase inhibitory chemistry. Our library is organized around 97 core structures and we have generated small focused sublibraries around each core.
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Figure 2. Nested Chemical Library™ (NCL)
The Chemical Validation Library (CVL) includes ~300 compounds around 97 selected core structures with proven kinase inhibitory activity on various kinase targets arising from work published in the current literature and patent(s) (applications). (Figure 3 shows 10 representative core structures)
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Figure 3. NCL is clustered around 97 core structures, 10 representative structures are shown

EVL is an extension of the CVL and covers almost 700 compounds based on the following criteria: to increase the number of target kinases against which we have inhibitors available (currently we synthesized inhibitors for 83 different kinases) and to include more analogues around the proven kinase inhibitory leads from the CVL. The Master Library (ML) includes novel compounds and analogue structures around CVL and EVL, extended by an additional ~ 10 000 compounds. We have a large series of new and patentable compounds in ML with a lot of space for further chemical and pharmacological optimisation. 


Typically, novel and potential kinase targets can be validated chemically by using the Chemical Validation Library compounds
, 
, 
. CVL compounds are tested in biochemical assay for activity against a kinase of interest. Next, the selected and active inhibitors of a particular kinase are applied to therapeutically relevant cellular assays in order to confirm the role of the kinase activity in this biological model. The validated hits from the CVL will also represent a good starting point for extended biological screening. Biochemical activity data obtained for the selected compound sets from NCL can provide enough biological data for rational computerized design of new analogues based on our Pharmacophore model generating 3DNET4WTM QSPAR approach.
,
,
 The program builds abstract pharmacophore (QSAR) models from validated, significant descriptors selected by sequential or genetic algorithms. Enhanced MLR (Multiple Linear Regression), PLS (Partial Least Squares), ANN (Artificial Neural Network), LLM (Linear Learning Machine) methods are optional and can be combined with PCA (Principal Component Analysis). Pharmacophore models are validated by external validation, the validation set is not known for the program. New analogues are designed on the basis of bioisosteric changes using validated standard reaction schemes. New potential hit molecules are filtered by their ADMET properties, drug-likeness and patentability. Thousands of molecular descriptors are calculated for hit compound structures and fed with 3DNT4WTM QSPAR program system.

In the hit and lead optimisation work interesting compounds are selected by our pharmacophore model and the ADMET filters. This in silico selection subsequently becomes synthesized. The new compounds are then tested for biological activity, physicochemical parameters are being calculated and measured . These data are fed  back into the model for continuous improvement and optimization. If we have good and reliable biochemical kinase assays available, we can generate a lead compound against a particular target molecule within approximately five chemical optimization cycles. 

For optimisation of the hit and lead molecules we apply two methods: focused and diverse optimisation. If the hit compound is patentable we apply focused optimisation:  generating various possible derivatives around the selected leads with traditional medicinal chemistry approach. In case of the hit compound is not patentable we generate diverse molecular library with virtual screening, pre-selecting them with the pharmacophore model. The new compounds are synthesised with solution or solid-phase synthesis, validated with HPLC-MS and NMR and tested in biological assay. The biological results are again fed back into the pharmacophore model to accomplish the lead optimisation process. In summary, approximately five compound optimization cycles are needed with this approach to generate  a series of sufficiently characterized lead molecules against a kinase target. (Figure 4.). 
, 
, 
, 
, 
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Figure 4. Hit / Lead Finding Strategy
In Table 1 we present a series of validated kinase target molecules and the IC50 values of our best hit compounds (without disclosing the structure but indicating the core structure). In table 2 we present the hit rate, which we found using a series of compounds from our CVL and EVL library against various kinases.

Table 1. Targets and inhibitors according to Core structures

	Target
	Indica-tions
	Number of tested compounds
	Hit compounds
	Core

	EGF-R
	Cancer
	1796
	AX3359 IC50 = 25 pM

AX12257 IC50 = 8 pM
	13.
58.

	PDGF-R
	Cancer, gliomas
	580
	AX13237 IC50 = 3 nM

AX9041 IC50 =10 nM
	16.
4.

	VEGF-R
	Oncology
	340
	AX13234 IC50 = 20 nM

AX13985 IC50 = 77 nM
	4.
89.

	RIP(RIPK-1)
	Inflammation related diseases 
	724
	AX11466 IC50 = 13 nM

AX11443 IC50 = 16 nM


	32.

	RICK (RIPK-2)
	Viral infections (HCMV), Inflammation related diseases
	664
	AX8652 IC50 = 40 nM


AX7015 IC50 = 40 nM


	29.

	UL-97
	Viral infections (HCMV)
	927
	AX11922 IC50 = 0.4 nM
AX7100 IC50 = 13 nM   


	4.

25.

	PknG
	M. Tuberculosis infection
	627
	AX39010 IC50 = 7 nM

AX38833 IC50 = 15 nM
AX38824 IC50 = 15 nM
	85.20,


	SRPK-1
	Oncology
	432
	AX2926 IC50 = 8 nM

AX8757 IC50 = 43 nM
	16.

	Akt
	Oncology
	349
	AX971 IC50 = 33 nM

AX9385 IC50 = 1.1 nM
	8.

	ROCK-2
	Oncology, neural inflammation and regeneration
	325
	AX6115 IC50 = 0.2 mM
AX7425 IC50 = 0.7 mM

	1.


Table 2. Number of tested compounds on kinase panel
	Target
	Tested
	Active
	Target
	Tested
	Active

	Abl
	77
	10
	PDGFR
	54
	2

	Akt
	547
	37
	RICKK
	664
	64

	C-Met
	22
	2
	PKCa
	195
	14

	CDK-1
	249
	14
	PKnG
	7435
	165

	CLK-1
	206
	41
	Rip
	724
	146

	CLK -2
	209
	19
	ROCK-2
	325
	23

	CLK -3
	209
	6
	Src
	75
	4

	InsR
	250
	9
	SRPK-1
	432
	137

	p38
	64
	7
	SRPK-2
	582
	77

	P70 S6K
	209
	14
	UL97
	927
	442


Results and Discussion

Signal transduction therapy is in the front line of modern drug research and kinases represent these days the most important target molecule family. More than 50 kinases have been identified as therapeutically relevant target molecules in various pathological cases including cancer, atherosclerosis, infectious diseases, neurodegenerative disorders and inflammatory diseases. Because cellular signaling occurs via network signaling in several cases a multiple target approach has to be considered. In cancer a series of kinases act like survival factors thus providing primary targets for drug research. There is a good chance to treat various cancers with potent compounds against the most important oncogenic signaling pathways . Furthermore molecular diagnostic techniques serve to analyse the oncogenic pathways in the particular patient in the a so-called personalized therapy where each patient finally would receive a cocktail of the relevant inhibitors for his disease. Since kinases seem to have a major role in oncogenic signaling the perspective is that we should have good approved drugs for the most important oncogenic kinases. 

As a general strategy for hit and lead finding against a novel kinase target we prefer to screen focused libraries or to determine the 3D structures of the target kinase and perform docking experiments. Our approach is to utilize our hit finding library and using these assay data and calculating large series molecular descriptors for QSAR and pharmacophore model generation. During our hit and lead optimisation process we utilize (and continuously improve) this pharmacophore for pre-selection of the synthesizable compounds. We also use various ADME filtering models we generated based on experimentally determined parameters (from literature and from our own resources) to pre-select the synthesizable compounds not only for activity but also for drug likeliness predictions. Thus we can significantly reduce the number of to be synthesized compounds for a lead optimisation process and can come up with a promising lead candidate within approximately 5 optimization cycles.
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