
  

 

Abstract—Mesenchymal Stem Cells (MSCs) are important to 
stem cell therapy and tissue engineering due to their 
differentiation potentials both in vivo and in vitro. The variety 
of MSC culture scenarios has triggered an urgent need for the 
integration of MSC experimental data. In this study, a 
public-domain database comprising the key parameters which 
influence the behaviors and fate of mammalian MSCs has been 
constructed. The data from this database have been analyzed 
using data mining techniques, the results of which show the 
significance of this database and its potential application in the 
future. As the first public-domain MSC database, it contributes 
to MSC data integration and has potential contribution to 
future research on MSC. 

I. INTRODUCTION 
esenchymal Stem Cells (MSCs) are important to stem 
cell therapy and tissue engineering due to their 

pluripotent differentiation potentials [1]-[9], and have 
become one of the most studied types of stem cells nowadays. 
The pluripotency of MSCs includes osteogenesis, 
chondrogenesis, adipogenesis, myogenesis, tendonogenesis, 
and neurogenesis, besides trans-differentiation [1]-[8]. The 
plasticity and immunologic properties of MSC have further 
increased their clinical applications [9]-[14]. In order to 
pursue a better understanding of MSCs, a huge number of 
studies have been carried out both in vivo and in vitro 
[15]-[24]. However, due to the diversity of culture conditions 
for MSC differentiation in different experiments, the cell 
behaviors, especially the differentiation fates of MSCs were 
also different. Many alternative culture conditions are 
possible, for example in terms of donor species, culture 
medium, supplement and growth factor, culture dimension 
(monolayer vs. 3D culture), and substrate (for monolayer 
culture) vs. scaffold (for 3D culture) [4]-[24]. They result in a 
large yet scattered spectrum of MSC differentiation scenarios, 
which compromises the advancement in achieving a better 
overview for MSC differentiation.  

For this reason, an urgent need for the collection and 
integration of MSC experimental data has been triggered. 
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Although many bioinformatics databases have been made 
accessible online, no public-domain database specifically on 
MSC differentiation was available until recently. In this study, 
a database containing over 500 parameters organized in more 
than 30 parameter groups that are believed to influence the 
MSC differentiation has been built and put in a public domain 
so that it can be freely accessed online by MSC researchers all 
over the world. All the data in this online database have been 
published in the literature and can be viewed by worldwide 
researchers. Moreover, new data can be entered by any 
registered user, to increase the size of the database and 
improve data integration for MSC research. 

With the help of this database, scattered data on MSC 
differentiation which can not be utilized by traditional 
modeling techniques are made usable to pattern recognition 
-based computational approaches, such as data mining 
techniques, to make prediction on MSC behaviors. With the 
expansion of this database, a better overview for our current 
understanding on MSC can be achieved. 

This paper is organized as follows: Section II describes the 
A) parameters in the database, B) construction of the database 
in MYSQL, C) access to the online database, and D) data 
analysis using data mining techniques as an application of the 
database. Section III is the conclusions. 

II. CONSTRUCTION OF THE PUBLIC-DOMAIN MSC DATABASE  

A. Selection and Ranking of Parameters in the Database 
According to the known experimental scenarios in MSC 

differentiation, the parameters representing culture 
conditions together with experimental outcomes have been 
represented in the database. These parameters include both 
qualitative parameters such as various types of donor species, 
culture media, supplements, substrates, cell markers, gene 
profiles, and quantitative parameters such as growth factor 
dosage, seeding density, perfusion rate, culture duration, 
population doubling time, etc. All the parameters are 
categorized into 36 groups (a parameter group may contain 
only one parameter), as listed and briefly described in Table I. 
All the parameter groups have been ranked into four levels 
according to their significance to experimental outcome, 
based on a priori knowledge. The parameter groups which are 
believed to be most significant, such as donor species, in vitro 
vs. in vivo culture, culture medium, supplement and growth 
factor, culture dimension (monolayer vs. 3D culture), 
substrate (for monolayer culture) vs. scaffold (for 3D culture), 
are marked as Rank 1. Those which are believed to be 
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potentially important, such as age of donor, cell passage 
number, cell seeding density, incubation duration, are marked 
as Rank 2. The least important parameter groups, which 
usually act as supplementary comments, such as donor gender, 
MSC harvest place, are marked as Rank 3. Lastly, the 
parameter groups representing cell behaviors as experimental 
outcome are marked as Rank 4, including MSC 
differentiation fate, expression of cell markers, gene profiles, 
expansion fold of cell number, etc.  

 
TABLE I 

PARAMETER GROUPS IN THE DATABASE 
PG a Descriptions R
Donor 
species 

The current database covers human, rat, mouse, bovine, 
ovine and rabbit. 

1

Vitro/vivo MSC differentiation varies from in vitro to in vivo. 1
Culture 
medium 

The most popular culture media include DMEM, 
DMEM-LG, DMEM-HG, -MEM, and RPMI. 

1

Suppleme
nt and 
growth 
factor 

Common supplements include FBS, FCS  and 
chemicals capable of stimulating cellular growth, 
proliferation and differentiation, such as 
dexamethasone, insulin, ascorbic acid, etc. 

1

Culture 
dimension
(2D / 3D) 

MSC differentiation sometimes differs significantly 
from 2D to 3D culture, even in the presence of the same 
culture medium and supplements [25]. 

1

Substrate 
/scaffold 

In 2D culture, common substrates are plastic coated 
with gelatine or fibronectin. It has been claimed that 
chemically modified glass surfaces can influence MSC 
differentiation [24]. In 3D culture, common scaffolds 
usually include various kinds of collagen or hydrogel. 

1

Cell line  Some experiments use highly purified MSC cell lines. 2
MSC 
source 

MSC can be obtained from bone marrow, adipose 
tissue, peripheral blood, umbilical cord blood, fetal 
hepatic, and placenta [9], [10], [26]-[28] with different 
differentiation capacities. 

2

Seeding 
density 

Seeding density can potentially influence the velocity 
of cell growth and extent of MSC differentiation.  

2

Age of 
donor 

Normally, the proliferating capacity and pluripotency 
of MSCs decreases when the age of donor increases. 

2

Passage 
number 

Normally, the proliferating capacity and pluripotency 
of MSCs decreases when the passage number increases.

2

Culture 
duration 

Commonly used time points for observation are 7, 10, 
14, 21 and 28 days after a new passage. 

2

Cryoprese
rvation 

Cryopreserved MSCs may have some different 
properties from non-cryopreserved MSCs.  

2

Harvest 
place 

MSCs can be obtained from iliac crest, tibias, femurs, 
and so on. 

3

Gender Gender of donor (male or female). 3
Buffering 
agent  

Chemicals which keep a pH value in the medium. 
Popular buffers include CO2, phosphate, and HEPES. 

3

Temperat
ure 

Most experiments are undertaken at 37ć, while some 
others are undertaken at room temperature. 

3

Culture 
vessel 

Common culture vessels include Petri dishes, culture 
flasks, culture plates, micro bioreactors, etc. 

3

 Medium  
renewal 
interval 

Culture medium is normally renewed every 2-3 days to 
ensure the presence of nutrients that keeps cells alive, 
while eliminating the metabolic waste secreted by cells.

3

Passaging 
enzyme 

Passaging enzymes are not expected to affect MSC 
differentiation. A common enzyme is trypsin/EDTA. 

3

Centrifug
ation rate 

MSCs have to be centrifuged to be isolated from culture 
medium when passaging. Some experiments also 
require centrifugation to facilitate cartilage formation. 

3

Substrate 
/scaffold 
Porosity  

A substrate or scaffold with larger porosity can provide 
a better environment for nutrients to be evenly 
distributed within the culture medium. 

3

Perfusion 
rate 

MSCs are sometimes cultured in a perfusion system 
where culture medium is constantly renewed [29].  

3

OM b Osmolarity of the culture medium. 3

pH  pH may have potential effects on MSC growth and 
differentiation (optimal pH for metabolism is 7.4).  

3

HP c Hydrostatic pressure of culture medium. 3
Additiona
l info. 

Supplementary details to culture conditions, such as 
doze/concentration of supplements and growth factors.

3

Differenti
ation fate 

Common fates of MSC include osteogenesis, 
chondrogenesis, adipogenesis, myogenesis, and 
tendogenesis.  

4

Future 
potency 

Potency of MSCs after the respect experiment. 4

Doubling 
time 

Time after which the MSC population doubles. 4

DP d Percentage of differentiated MSCs with respect to the 
total number of cells. 

4

Cell 
marker 
expressio
n 

Cell marker is the basis according to which the 
differentiation can be confirmed. Cell markers 
expressed on MSC vary during the MSC differentiation 
process, indicating the extent of MSC maturation. 

4

Gene 
profile 

Measurement of the activity of genes provides a global 
picture of cellular function, indicating the current state 
of MSCs and showing how MSC react to the chemicals 
in the current environment.   

4

number of 
CFU-F 
Colonies 

Number of CFU-F (Colony-Forming Unit Fibroblast) 
colony is an indication of how well MSCs grow in the 
current medium. The more colonies are formed, the 
better MSCs grow. 

4

Expansion 
fold  

Expansion folds of MSC with respect to the initial cell 
number in the current passage. It is a good indicator of 
MSC growth velocity. 

4

Conclusio
ns, etc. 

Conclusions/hypotheses derived from experimental 
results. 

4

 a PG = parameter group. b OM = osmolarity.  
c HP = hydrostatic pressure. d DP = differentiation percentage. 
 
The parameters in this database are constantly being 

updated with the expansion of the database. The current size 
of the database is 501 records with over 500 parameters 
maximum for each record. All the records in the database are 
abstracted from previously published papers and each is 
associated with its corresponding reference. 

B. Construction of the Database in MySQL 
The database containing the parameters listed above was 

constructed with MySQL 5.0, as MySQL is a commonly used 
database management system which can be conveniently 
accessed and managed via PHP scripts on a common Linux 
server. The parameters in the database are stored as follows: 

 For the qualitative parameters with only two possible 
values, such as the presence/absence of a growth factor 
in the culture medium, the corresponding attributes in the 
database are binary, i.e. �‘1�’ refers to �‘presence�’ and �‘0�’ 
refers to �‘absence�’. 

 For the qualitative parameters which have a set of 
possible categorical values, such as animal species, the 
attributes are stored as integers, e.g., �‘1�’ refers to 
�‘human�’, �‘2�’ refers to �‘rat�’, etc. 

 For the quantitative parameters, such as cell seeding 
density, the attributes are stored as real numbers. 

 For descriptive parameters, such as additional conditions, 
the attributes are stored as strings of characters. 

The digitalization for most of the parameters in this 
database is to facilitate the data exportation and utilization by 
other software for data analysis (see section D). 



  

C.  Access to the Online Database 
The database was integrated into the website of OUTEG 

(Oxford University Tissue Engineering Group), accessible at 
http://www.oxford-tissue-engineering.org/forum/plugin.php
?identifier=publish&module=publish. The OUTEG website 
is a public-domain academic forum powered by DISCUZ! 
5.0.0 (© 2001-2006 Comsenz Inc.); the MSC database was 
integrated into the website as a plug-in. A typical user 
interface of the database is shown in Figure 1, where only 
brief information of the records is shown. The details of each 
record can be accessed by clicking the record number. 

The online MSC database is purely for academic purposes. 
It allows all users to view the data online, while giving only 
registered users the authority to add new data. With the 
intention to protect the database as well as to guarantee the 
authenticity of the data, the user registration is supervised by 
the webmaster.  Only users having a valid email address with 
a domain of a university or a research institute can register. 
Registered users can get access to the data submission page, 
shown in Figure 2. In order to facilitate the input, all the 
parameters are divided into the following six sections 
(colored in purple in Figure 2): 1) publication information, 2) 
MSC harvest information, 3) culture media and supplements, 
4) cultivation methods, 5) extra culture conditions, 6) 
outcome information. The parameter groups with Rank 1 (as 
listed in Table 1) are colored in red, the information of which 
have to be provided in order to accomplish a successful 
submission, as those parameters are believed to be essential 
for each record. All the records are tagged with their 
respective submitters, who can easily retrieve and edit their 
submissions. In order to avoid repeated data input, a search 
function has been provided online; in the meantime the 
database is periodically maintained and updated. 

D. Case Study: Application of the Database 
As mentioned in section B, the data in the online database 

can be easily exported and utilized by other software. In this 
study, two data mining frameworks with the names of CMAR 
(Classification based on Multiple Association Rules) [30] and 
ARM (Association Rule Mining) [31] have been chosen as 
examples to show the application of the database. 

As the first application, CMAR is used to analyze MSC 
differentiation in vitro. In this application, six parameter 
groups were believed to contain most essential information 
on MSC differentiation in vitro, and were hence abstracted to 
be a sub-database: donor species, culture medium, 
supplement and growth factor, culture dimension (2D/3D), 
substrate/scaffold, and differentiation fate. After the 
sub-database is analyzed using CMAR (see Figure 3), some 
meaningful rules that abstract known protocols for culturing 
MSC were obtained. For example: 

Rule # 154: {human + ascorbic acid + insulin + TGF- } 
=> {chondro} [96.42%] reports the frequent use of ascorbic 
acid, insulin, and TGF-  when inducing human MSC into 
chondrogenesis (the percentage in the bracket is the 
confidence of the rule). Rules like this could be beneficial for 
educational purposes as they summarize our knowledge in 
lab. 

On the other hand, some interesting rules suggesting 
hypotheses that have not been clearly raised and concluded in 
previous literature were obtained. For example:  

Rule # 188: {transferrin + selenous acid + dexamethasone} 
=> {chondro} [91.17%] suggests that dexamethasone, 

Fig. 1.  User interface for the public-domain MSC database (partially). 
Details of each record can be accessed by clicking the record number. 

Fig. 2.  Data submission page (partially). The parameters are divided 
into six sections (section names in purple). The parameters with Rank 1 
(colored in red) are compulsory input, while those with Rank 2 (colored 
in blue) are highly recommended to be input. With the aim to guarantee 
the authenticity of the data, an �“authentic data declaration�” is 
compulsory in each submission. 



  

transferrin, and selenous acid altogether may contribute to 
chondrogenesis. Rules like this, not yet validated, can be used 
to suggest new research directions that could reveal the 
underlying intracellular pathways in MSCs, and hence are 
vital to MSC study and tissue engineering. 

The reader is reminded that all the rules obtained through 
data mining are extracted from patterns present in the 
experimental data. 

For data analysis using ARM as the second application, 
data on cell marker expression were abstracted from the 
online database and added into the sub-database. Rules 
relating chemical reagents and cell marker expression, as well 
as showing co-expression patterns of cell markers were 
obtained. For example: 

Rule # 126: {heparin sulfate} => {CD105 (SH2) + CD90 
(Thy-1) - CD45} [100.0%] suggests that heparin sulfate plays 
a role in the expression of CD105 and CD90, but not CD45; 

Rule # 130: {CD105 (SH2)} => {CD90 (Thy-1)} [95.0%] 
suggests that CD105 is often co-expressed with CD90 on the 
MSC surface, which means that one may not have to test the 
presence of CD90 if the presence of CD105 has been detected. 
Rules like these have the potential to save considerable time 
and money in the laboratory. 

Furthermore, such rules as above may be significant in the 
understanding and prediction of cell marker expression on 
MSC, and have enormous potential to initiate new research 
directions in the area of MSC. With the database expanded in 
future, an increasing contribution to MSC research and tissue 
engineering is expected. 

III. CONCLUSIONS 
In this study, a public-domain database containing the key 

parameters that influence MSC differentiation and 
proliferation has been built. All the data in this online 
database is obtained from the published literature and can be 
freely accessed by stem cell researchers worldwide. 
Registered users can also conveniently input their data to 
expand this database. Rules obtained from the data analysis 
using data mining techniques have shown one application of 

this database, demonstrating the significance of this database 
to further research in MSC and tissue engineering. 
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