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Abstract

Given the capacity of self-renewal and multilineage differentiation, stem cells are promising 

sources for use in regenerative medicines as well as in the clinical treatment of certain 

hematological malignancies and degenerative diseases. Complex networks of cellular signaling 

pathways largely determine stem cell fate and function. Small molecules that modulate these 

pathways can provide important biological and pharmacological insights. However, it is still 

challenging to identify the specific protein targets of these compounds, to explore the changes in 

stem cell phenotypes induced by compound treatment and to ascertain compound mechanisms of 

action. To facilitate stem cell related small molecule study and provide a better understanding of 

the associated signaling pathways, we have constructed a comprehensive domain-specific 

chemogenomics resource, called StemCellCKB (http://www.cbligand.org/StemCellCKB/). This 

new cloud-computing platform describes the chemical molecules, genes, proteins, and signaling 

pathways implicated in stem cell regulation. StemCellCKB is also implemented with web 

applications designed specifically to aid in the identification of stem cell relevant protein targets, 

including TargetHunter, a machine-learning algorithm for predicting small molecule targets based 

on molecular fingerprints, and HTDocking, a high-throughput docking module for target 

prediction and systems-pharmacology analyses. We have systematically tested StemCellCKB to 

verify data integrity. Target-prediction accuracy has also been validated against the reported known 

target/compound associations. This proof-of-concept example demonstrates that StemCellCKB 

can (1) accurately predict the macromolecular targets of existing stem cell modulators and (2) 
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identify novel small molecules capable of probing stem cell signaling mechanisms, for use in 

systems-pharmacology studies. StemCellCKB facilitates the exploration and exchange of stem cell 

chemogenomics data among members of the broader research community.

Graphical abstract

INTRODUCTION

Stem cells are capable of self-renewal and multilineage differentiation, thereby offering an 

indispensable cellular source for stem cell therapies and regenerative medicine.1 Given stem 

cells’ endogenous characteristics and biological activity in vivo,2 they offer a promising 

regenerative medicine strategy to replace, engineer, as well as regenerate human cells, 

tissues, or organs in order to restore or establish normal function.3,4 However, the greater 

potential of stem cell-based therapies is not fully realized due to the scarcity of these cells as 

well as the complicated stem cell signaling mechanisms and poor understanding of their 

expansion and differentiation behaviors in response to proliferative stimuli. Among all stem 

cell types, for example, hematopoietic stem cell (HSC) is most widely used in clinical 

treatment.5 The first clinical use of HSC in transplantation occurred over 50 years ago,6 and 

HSC transplantation continues to be an indispensable therapy for hematological 

malignancies.7,8 However, it is difficult to separate stem cells from solid tissues and organs 

because the ratio of stem cells to mature cells in adults is extremely low and specific stem 

cell markers have not yet been definitively identified.

Furthermore, stem cell fate choices include self-renewal, differentiation, quiescence, 

apoptosis, or exhaustion. Complex signaling pathway networks precisely modulate these 

choices. For example, the Wnt,9 Notch,10 Hedgehog,11 and transforming growth factor 

(TGF)12 pathways have been implicated in the homeostasis, self-renewal, and multilineage 

differentiation of normal stem cells. Disrupting the complicated signaling pathway networks 

that govern homeostasis can cause malignant transformation, producing cancer stem cells;13 

consequently, understanding these networks is vitally important. Recent advances in stem 

cell biology are increasingly dependent on this understanding. For example, new 
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technologies can reprogram somatic cells to behave like embryonic stem cells (ESC). The 

resulting pluripotent cells can then differentiate into specified cell types14 and so have great 

potential for use in regenerative therapies. In addition, stem cell manipulation has 

historically depended on genetic techniques like gene overexpression or silencing via viral 

infection. These experimental procedures are slow, complicated, tedious, and quite often 

tumorigenic and, so, are not amenable to the large-scale, quality-controlled cell production 

that clinical therapies require.15

Given the endogenous characteristics and biological activity of stem cells in vivo,2 small 

molecules that modulate stem cell self-renewal and committed differentiation may achieve 

specificity and efficacy that are not possible with conventional methods. Thus, a chemical 

approach provides a greater potential for stem cell regulation and has emerged as a 

promising alternative because it is far simpler to control compound exposure to cells, tissues, 

and organs than it is to manipulate genes.16 Careful adjustment of the administered 

concentrations and use of combinations of stem cell regulating small molecules may allow 

for rapid, spatial, and reversible effects. Small molecule modulation has initiated a new trend 

in stem cell biology.17,18 However, the large-scale clinical use of treated cells may present a 

safety risk because some of these compounds have unknown targets and mechanisms of 

action. The number of published studies focusing on stem cell-related signaling pathways 

and small molecule modulators is steadily increasing, while generating the experimental 

data required to find, associate, and validate reported active compounds can be slow and 

challenging.2,19

The points given above briefly describe the potential and the challenges of the emerging 

multidimensional data and information from the fields of stem cell biology/biochemistry, 

chemical biology, and regenerative medicine research from the past decades. It is anticipated 

that the stem cell research data and information will continue growing rapidly and will 

involve scientists in various fields. Thus, there is a critical need to establish an integrated 

“big-data” type platform to facilitate research endeavors in the broader stem cell scientific 

community.

In fact, computational predictions and systems biology modeling can guide, supplement, and 

accelerate experimental studies. We, and many others, have previously reported several 

computational approaches for target prediction and modeling. Examples of these include, 

Connecting Map, which uses gene-expression signatures to connect small molecules, genes, 

and diseases,20 Similarity Ensemble Approach (SEA), which relates protein pharmacology 

with ligand chemistry,21 STITCH, a resource to explore known and predicted interactions of 

chemicals and proteins,22 and AlzPlatform, an Alzheimer’s disease (AD) specific 

chemogenomics database for analyzing the polypharmacological networks of anti-AD 

drugs,23 just to name a few. These platform technologies have been used successfully in 

drug-abuse systems-pharmacology research,24 as well as in studies describing the network 

pharmacology and molecular mechanism of an herbal medicine25 and were built using 

several of our established algorithms. These algorithms enable virtual screening, protein-

target identification, and network-polypharmacology studies19 and include a GPU-

accelerated machine-learning algorithm for ligand-specificity and functionality 
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prediction,26–29 a molecular-fingerprint-based drug-target identification program,30 a 

cannabinoid-receptor homology-modeling protocol, and a virtual-screening work-flow.31,32

Here we describe an integrated cloud-computing server, which we have named 

StemCellCKB (http://www.cbligand.org/StemCellCKB),33 that was developed in response 

to the needs described above. The platform assembles a large repertoire of stem cell related 

chemogenomics data, including databases of genes, protein targets, and small molecule 

compounds with associated bioactivity, bioassay, and reference information. StemCellCKB 

also enables cloud-computing and sourcing services, exploiting powerful online computing 

tools for target identification (e.g., our TargetHunter and HTDocking programs24,30), drug 

repurposing, and polypharmacological analyses of small molecule stem cell modulators 

(Figure 1). StemCellCKB is a valuable platform for investigating and sharing information 

about stem cell-related proteins/genes and small molecule compounds on a chemogenomics 

scale, with the ultimate goal of facilitating identification of systems-poly-pharmacology 

mechanisms to enable stem cell chemical biology.

MATERIALS AND METHODS

Constructing the Stem Cell Database

StemCellCKB was constructed using the same technologies we developed for our 

AlzPlatform23 and drug-abuse chemogenomics databases.24 The backend consists of a 

MySQL database version 5.1,34 an Apache web server version 2.2.14,35 and our in-house 

chemoinformatics tools. We populated the MySQL database with information about stem 

cell-related genes, proteins, pathways, compounds, and bioassays by mining public 

databases and the literature. The current version of StemCellCKB provides the following 

information and data records:

Genes/Proteins/Pathways—We compiled a list of proteins relevant to key pathways 

involved in the regulation of stem cell function, as reported in the literature, patents, and 

some databases (e.g., DrugBank version 4.3,36,37 ClinicalTrials.gov,38 MetaCore version 

6.24,39 PubChem,40 and PubMed41). These target genes and proteins were then mapped to 

their respective UniprotKB IDs. To allow users to further explore other potential pathways 

involved in stem cell regulation, all the pathways associated with these proteins/genes have 

been hyper-linked to the public KEGG database release 77.1.42–44

Chemicals—To identify compounds that target these stem cell related proteins/genes, we 

thoroughly searched both the literature and the ChEMBL database (version 20).45,46 Drugs 

in clinical trials were also considered in hopes that they can be repurposed for stem cell 

research. We also collected any bioassay data that confirms interactions between these 

molecules and the respective target proteins.

User-Friendly Web Interface

An easy-to-use web interface was created using the PHP version 5.3.1.47 This interface 

provides an effective and efficient search engine for data retrieval. The user can either draw 

molecular structures in the browser using JSME v2013-10-1348 or upload and submit a file 
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describing small-molecule structures in the SMILES, sdf, mol, or cdx formats. On the 

backend, OpenBabel version 2.3.249 serves as the small molecule structure search engine.

Chemoinformatics Tools

Two chemoinformatics tools have been incorporated into the online platform to facilitate 

stem cell-related drug design and target identification:

TargetHunter—StemCellCKB includes our online target-identification program, 

TargetHunter30,50 for predicting the targets and potential off-targets of submitted 

compounds. TargetHunter uses a powerful data-mining algorithm (TAMO-SIC) for target 

prediction that exploits an important principle of medicinal chemistry: compounds with 

structural similarities often have similar physicochemical properties and biological profiles. 

Bioassay GeoMap, integrated into TargetHunter, provides a search function to locate 

potential collaborators nearby who have established bioassays to experimentally validate 

target predictions.

HTDocking—StemCellCKB also includes an online high-throughput molecular docking 

program HTDocking,51 for identifying possible interactions between protein targets and 

small molecules. Briefly, all available PDB structure files of stem cell-related target proteins 

were downloaded from the Protein Data Bank. HTDocking first docks query compounds 

into each of these potential targets using AutoDock Vina version 1.1.252 and then ranks 

them by the docking scores, which are roughly proportional to binding affinities. As we 

described previously,23 the docking score is calculated as pKi, where pKi = −log(predicted 

Ki) and the predicted Ki = exp(1000ΔG/ (1.987 191 7 × 298.15). ΔG (kJ mol−1) is the best 

binding affinity value predicted by AutoDock Vina. A good docking score (greater than 6.0, 

or predicted Ki < 1000 nM) indicates that the protein is a candidate target of the queried 

small molecule.

In addition, StemCellCKB provides toxicity predictions53 with the Toxtree package version 

2.5.0,54 PAINS55 remover56 to filter out protein-reactive compounds, and a property 

calculator57 for the calculation of molecular properties and Lipinski’s rule of five.58

RESULTS

Database Construction and Analysis

Stem cells play critical roles in regenerative medicine and the clinical treatment of various 

diseases (e.g., hematological malignancy, degenerative diseases, cancer, etc.).5 Small 

molecules have emerged as novel and potent agents for stem cell expansion and 

differentiation, as well as somatic cell reprogramming.17 We have constructed a new online 

platform called StemCellCKB that focuses on the three most commonly studied stem cell 

types: hematopoietic stem cell (HSC), embryonic stem cell (ESC), and induced pluripotent 

stem cell (iPS). Figure 1 shows an overview of the StemCellCKB user interface, including 

the available functional modules and computational tools/programs.

To date, the StemCellCKB describes 458 genes and proteins, as well as 207 relevant 

pathways and bioassays. The catalogued proteins include: (i) 222 enzymes, such as glycogen 
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synthase kinase-3 beta (GSK3β), cyclin-dependent kinase family (CDK), mitogen-activated 

protein kinase family (MAPK), tyrosine-protein kinase JAK (JAK), and signal transducer 

and activator of transcription (STAT); (ii) 51 membrane receptors, such as C-X-C chemokine 

receptor (CXCR); (iii) 24 ion channels, such as the Bcl protein; (iv) 20 transcription factors, 

such as hypoxia-inducible factor 1 (HIF1); (v) 10 secreted proteins, such as vascular 

endothelial growth factor (VEGF), interleukin (IL), and fibroblast growth factor (FGF); (vi) 

10 cytosolic proteins, such as cyclin-dependent kinase inhibitor (CKI); (vii) 9 structural 

proteins, such as collagen; and (viii) 112 miscellaneous proteins. StemCellCKB also 

includes information about 102 stem cell related small molecules (Figure 2, blue nodes) with 

known biological effects on HSC, ESC, or iPS (Figure 2, red rectangles).

Using this database, we performed an in-depth analysis of the protein targets and 

corresponding pathways modulated by these compounds (Figures 2 and 3). Using the 

StemCellCKB compound/target mapping function, we mapped out 44 “core proteins” 

(Figure 2, green nodes) involved in 15 key signaling pathways (Figure 2, yellow nodes). 

Those proteins and signaling pathways that are associated with at least one compound tested 

for the bioactivities on stem cell regulation were defined as core proteins and key pathways, 

respectively. Among these 15 signaling pathways, the following have biological effects on 

both HSC and iPS/ESC: Wnt, Notch, transforming growth factor (TGF), p38/MAPK/p53, 

HIF, Hedgehog, FGF/mitogen-activated protein kinase kinase (MEK) /extracellular signal 

regulated kinase (ERK), chromatin modification, cell cycle, and the cyclic adenosine mono-

phosphate (cAMP) family. In contrast, aryl hydrocarbon receptor (AhR) and JAK/STAT 

affected only HSC; RHO/ RHO kinase (ROCK), protein kinase C (PKC), and chemo-kine 

affected only iPS/ESC.

To enable future stem cell drug repositioning and target discovery, we also included some 

signaling pathways in the database that are thought to play roles in HSC or iPS/ESC 

regulation but are not currently associated with known small molecule modulators (e.g., the 

Ras, mTOR, and chemokine signaling pathways). In addition to the 102 small molecules 

known to be capable of directing stem cell manipulation, StemCellCKB also describes 463 

additional small molecules that have not been tested to alter stem cell phenotypes. These 

additional compounds are included because their target proteins are involved in stem cell-

related signaling pathways; consequently, they may have future utility in stem cell research. 

These compounds and their targets are summarized in Figure 3A and B, respectively.

A survey of these compounds is illustrated in Figure 3C, organized according to interacting 

targets, signaling pathways, and stem cell types. For example, Wnt signaling may be the 

most important pathway, as 17 of the 102 associated compounds (16%) are known to 

regulate stem cell fate or to induce somatic cell reprogramming through this pathway. 

Among all Wnt signaling protein targets, GSK3β may be most critical for stem cell 

regulation because it is associated with six compounds: SB216763, kenpaullone,59 

CHIR99021,60,61 bisin-dolylmaleimide1i,62 BIO,63 and 1m64 (Figure 3E). Other related 

targets in this signaling pathway include the Wnt protein, protein phosphatase 2A (PP2A), 

tankyrase 1/2 (TNKS1/2), porcupine (PCN), and dual specificity tyrosine phosphorylation 

regulated kinase (DYRK). Chromatin modification proteins are also prominent, with 19 

associated compounds. Histone deacetylase (HDAC) and DNA methyl-transferase (DNMT) 
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are already useful targets for the clinical treatment of many diseases, as well as for stem cell 

regulation. For example, HDAC inhibitors (e.g., valproic acid (VPA),65 sodium butyrate,66 

trichostatin A (TSA),67 etc.) and DNMT modulators (e.g., zebularine,68 RG-108,69 5azaD,67 

and 5azaC70) have been used in stem cell research. Transforming growth factor beta receptor 

family (TGFβR, also known as anaplastic lymphoma kinase, ALK) also contains key targets, 

especially in manipulating iPS/ESC, with four associated compounds: SB431542,71 

LY364947,72 A-83-01,66 and 616452/repsox.60 Cell cycle regulator (CKI) also plays a vital 

role in stem cell manipulation; two inhibitors of CKI p18INK4C, P18IN003 and P18IN011, 

are known to induce HSC expansion.19 Other molecules that induce HSC expansion are 

advancing through clinical trials, including TEPA (copper chelate),73 SR1 (AhR 

antagonist),74 and Nicord (SIRT1 inhibitor).75 These compounds have completed phase I/II 

and are now in phase II/III multicenter clinical trials76 (Figure 3D).

StemCellCKB also features an integrated cloud-computing service with intrinsic scalability 

and convenient features like search functions and useful tools for further expansion. It 

provides a fast and effective method to identify proteins involved in stem cell regulation, to 

identify chemicals with known activities, to find new chemicals for stem cell manipulation, 

and to determine which chemical cocktails might best act in concert. In summary, 

StemCellCKB facilitates drug research and development aimed at stem cell regulation.

StemCellCKB Database Validation

Target identification sheds critical light on small molecule mechanisms of action, and 

systems pharmacology suggests that small molecules often have multiple targets. 

StemCellCKB facilitates stem cell relevant target identification by providing two integrated 

online programs: TargetHunter30 and HTDocking.24 To illustrate how the HTDocking 

component can be used to identify potential targets and explore mechanisms of action, we 

first validated our predictions using a set of known drug-target associations. Using the online 

StemCellCKB interface, we submitted SDF files describing a number of known small 

molecules (Figure 4A). The HTDocking program automatically calculated the docking 

scores associated with each compound positioned within the binding pockets of the 

respective targets. The targets were ranked according to docking scores and displayed on the 

results webpage (Figure 4B). These rankings were consistent with experimental data, as 

shown in Figure 4C, where green nodes indicate predicted protein targets which were 

already biologically validated and pink nodes indicate predicted protein targets with no 

experimental validation. The predicted and experimental Ki values, as well as pKi values of 

the known stem cell modulators (per journal articles and databases such as ChEMBL), are 

summarized in Table 1, with the primarily corresponding protein targets marked with “*”. 

Indeed, some of the predicted associations have already been reported in the 

literature,59–61,63,66 further demonstrating HTDocking reliability.

The predicted targets merit further experimental validation (Figure 4C). As a specific 

example, consider CHIR99021, the most potent GSK3β inhibitor (Ki = 3.98 nM, ChEMBL 

1201862). CHIR99021 is known to increase both human and murine HSC expansion ex vivo 

and to induce somatic cell reprogramming when combined with other compounds.61 The 

associated HTDocking score was 8.48, supporting the theory that CHIR99021 interacts with 
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GSK3β (Table 1). The predicted CHIR99021/GSK3β interaction is shown in Figure 4D. 

Similar to the crystallographic binding mode of Z48, a known GSK3β inhibitor (Figure 4D, 

salmon sticks; PDB ID: 3I4B), CHIR99021 (Figure 4E, magenta sticks) may form hydrogen 

bonds with the GSK3β residues Asp133 and Val135 (Figure 4E, rainbow cartoon). The 

ChEMBL database describes in vitro binding assays that validate this prediction, as is the 

case for most StemCellCKB-predicted targets with experimentally validated ligands (Table 

1). CHIR99021 may additionally interact with other targets, including CDK, serine/ 

threonine-protein kinase (PLK1), JAK2, insulin receptor (InsulinR), mitogen activated 

protein kinase activated protein kinase 2 (MAPAPK2), and serine/threonine-protein kinase 

(NEK2), which all had docking scores above 7.0 (Figure 4C, green nodes, and Table 1). 

Other known compound-target associations (e.g., PD0325901 with MEK, A-83-01 with 

TGFβR1, Kenpaullone with CDK2, and BIO with GSK3β) were also correctly identified 

using our HTDocking approach (Figure 4C, green nodes).

Understanding compound–target interactions enables poly-pharmacology, wherein novel 

chemical combinations yield improved pharmacological effects with reduced side effects.23 

For example, the binding pocket of GSK3β is very similar to that of CDK2.77 An ideal small 

molecule would potentiate cell cycle activation by inhibiting GSK3β without modulating 

CDK activity, which is essential for cell cycle progression. Further studies could focus on 

finding useful combinations of GSK3β inhibitors and cell cycle activators (e.g., CKI 

inhibitors).

DISCUSSION

Human stem cells typically face several fate choices such as self-renewal, differentiation, 

quiescence, homing, aging, apoptosis, and eventually cell death. A better understanding of 

the mechanisms that govern stem cell regulation would give rise to stem cell therapies,78 as 

such, a comprehensive stem cell-specific chemical-genomics knowledgebase for systems 

pharmacology study of small molecules and their targets would certainly benefit chemical 

biology research of stem cell.

StemCellCKB offers an integrated platform for both chemical biology and mechanism 

exploration. To demonstrate its utility, we used the platform to study GSK3β, an important 

constituent of the Wnt/β-catenin signaling pathway. Wnt signaling, required for the proper 

development of most tissues and organisms, is highly conserved in mammals79 and β-

catenin is known to be the main signal transducer in the canonical Wnt signaling pathway. A 

complex comprised of GSK3β, adenomatous polyposis coli protein (APC), Axin, and casein 

kinase I (CK1) regulates the β-catenin pool via phosphorylation.80 In embryonic 

hematopoiesis, β-catenin activation is required for arterial specification and HSC 

generation,81,82 and in adult hematopoiesis, β-catenin improves HSC generation in a dose-

dependent manner.83 Small molecule GSK3β inhibitors could activate β-catenin and 

therefore increase HSC expansion.63,84 The convenient data visualization features built into 

Stem-CellCKB confirmed that GSK3β is the known target of numerous stem cell regulating 

compounds.
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The current study also demonstrates that the target-based HTDocking program can 

successfully identify previously uncharacterized small-molecule/protein-target interactions. 

We validated HTDocking by comparing the predicted and experimental Ki values of known 

stem cell related small molecules. As a complementary method, the ligand-based 

TargetHunter tool predicts potential targets and off-targets using our established 

chemogenomics database.30 Target-Hunter is especially useful when there is no available 

high-quality protein structure of the target of interest. Both of our established programs 

facilitate drug repositioning and sideefiect prediction.

Due to the complexity of the signaling network, manipulating stem cell function requires 

simultaneous targeting of multiple stem cell signaling pathways. For example, by screening 

a chemical library, Hou et al. recently identified a cocktail of four small molecules, each 

targeting a different pathway, that together transformed mouse somatic cells into pluripotent 

stem cells.60 However, chemical library screening is time-consuming and costly. 

StemCellCKB accelerates stem cell-relevant polypharmacology analyses, target 

identification, and drug-mechanism exploration by bridging the knowledge gap between 

biology and chemistry. By assembling information from multiple sources, StemCellCKB 

provides domain-specific data and tools to help users explore combinations of signaling 

pathways, protein targets, and relevant small molecules, potentially enabling the 

development of future multicompound cocktails that together are more effective than a 

single agent at stem cell regulation.

We should point out that due to the limited understanding of stem cell regulation, the 

StemCellCKB may miss some important protein targets and pathways that also play key 

roles in stem cell regulation, which may further affect the performance of the computational 

tools. To address this issue, we will continue to update and refine the database records. We 

also would like to mention that TargetHunter and HTDocking can be complementary to each 

other. TargetHunter is based on the similarity between small molecules and HTDocking is 

based on the fitness of a small molecule into protein binding pockets. As such, it is very easy 

to find the target(s) of a small molecule if the bioactivities of its analogs have been reported. 

On the other hand, HTDocking can be used to identify previously undiscovered targets (or 

novel targets). It should be noted that while the StemCellCKB may provide the target 

ranking based on either similarity threshold or docking score, the selection of target 

prediction for validation is subjective and may depend on the user’s expertise, as well as the 

availability of bioassays.

CONCLUSION

In summary, StemCellCKB (http://www.cbligand.org/StemCellCKB)33 is an integrative, 

publically accessible platform that includes stem cell relevant data and tools for target 

identification and system pharmacology research. It is a one-stop resource for searching, 

organizing, and validating stem cell-related information that is otherwise only available from 

scattered sources (e.g., PubChem, ChEMBL, and many other databases). The server will 

integrate computational, chemical, biological, and clinical knowledge and so will be useful 

for those studying stem cell system biology, polypharmacology, chemo-genomics, and 

computer-aided drug design.
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Figure 1. 
StemCellCKB overview, including integrated computing and data-mining functions. The 

COMPOUND module includes two chemical records that describe small molecules specific 

to stem cell targets and small molecules involved in stem cell pathways. The TARGET 
module contains a list of proteins relevant to stem cell regulation and the HTDocking tool. 

The PATHWAY module describes signaling pathways relevant to stem cell regulation. The 

TOOLS module enables prediction of chemical properties, toxicity, and targets for small 

molecule stem cell modulators.
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Figure 2. 
Interaction network of stem cells, pathways, targets, and compounds. Red rectangles 

represent stem cell types. Yellow nodes represent core signaling pathways involved in stem 

cell regulation. Green nodes represent core protein targets associated with stem cell 

modulation. Blue nodes represent known core stem cell-related compounds.
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Figure 3. 
Chemogenomics data in StemCellCKB. (A) Association among compounds, protein targets, 

and signal pathways involved in stem cell regulation. (B) StemCellCKB target classification. 

(C) Compounds known to be involved in stem cell regulation were plotted according to stem 

cell type and the corresponding target pathways. (D) Compounds known to be involved in 

stem cell regulation were plotted according to their development phases and associated 

pathways. (E) Compounds known to be involved in stem cell regulation were plotted 

according to their protein targets.
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Figure 4. 
StemCellCKB Database validation by target identification. (A) Chemical-structure input 

window of the HTDocking server, with CHIR99021 displayed. (B) HTDocking results. (C) 

Polypharmacology analysis of known stem cell drugs. Green nodes represent the known or 

biologically validated protein targets of the compounds, and pink nodes represent new 

targets predicted using HTDocking. (D) Interaction between Z48 (salmon stick) and GSK3β 
(rainbow cartoon) in the active site (PDB ID: 3I4B). (E) CHIR99021 (magenta stick) docked 

into the active site of GSK3β (rainbow cartoon; PDB ID: 3I4B).
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Table 1

Comparison of the Experimental Ki Values and Docking Scores of Known Stem Cell-Related Compounds

compound ID protein ID Ki (nM) −log(Ki × 10−9) docking score

CHIR99021 CDK2 1584.89 5.80 9.84

PLK1 7943.28 5.10 9.04

GSK3β* 3.98 8.40 8.48

JAK2 1584.89 5.80 8.22

InsulinR 5011.87 5.30 7.88

MAPAPK2 7943.28 5.10 7.74

Nek2 10000 5.0 7.04

BIO GSK3β* 5 8.30 5.24

CDK2 inhibition N/A 6.34

PD0325901 MAP2K1* 0.6 9.22 7.04

A-83-01 TGFβR1* 12 7.92 7.81

Kenpaulone CDK2* 100 7.00 6.84

CHK2 630.96 6.20 6.36

MAPAPK2 7943.28 5.10 6.07

a
The reported original protein target of each compound is given with

*
The Ki values are all from ChEMBL database results.
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