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Keyword network analysis in stem cell research area
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Department of Nursing Joongbu University, Geumsan 32713, Korea

This study conducted a social network analysis to
investigate stem cell research which was actively being
studied as an alternative for the treatment of intracta-
ble diseases due to infinite proliferation and differen-
tiation ability. Papers was extracted from the PubMed
database (DB) on the subject of ‘Induced Pluripotent
Stem Cells (iPS) and Embryonic Stem Cells (ES)’, and
‘Adult Stem Cell (AS) and Mesenchymal Stem Cell
(MS)’. Medical Subject Headings (MeSH) term was
filtrated from each area. MeSH term of iPS and ES
field was 148 (international), 71 (domestic), otherwise
AS and MS were 89 (international), 78 (domestic).
Keyword networks were visualized using degree cen-
trality value and the core keywords compared. There
was no difference in iPS and ES field compared with
the domestic and international high-ranked keywords.
Gene Therapy in the international level, Liver Re-
generation and the Umbilical Cord in domestic were
highly centered. In AS and MS fields, Neuron was
high degree centrality both. Time lagged high ranked
30 keywords in slope were different, ‘Adipose Tissue’
increased both, otherwise ‘Stem Cell Transplantation’
did domestically. Although the absolute amounts of
the research papers are different, research subjects
had become similar to international trends follow-
ing certain time lags. On the other hand research is
conducted on the specific subjects in Korea. Keyword
analysis will be useful method for searching a subject
to actively being studied in stem cell research area.

Key words: keyword network analysis, degree centrality,
stem cell, research trend, MeSH term
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Fig. 1. International iPS + ES keyword network.
Table 1. Characteristics of article and keywords
iPS + ES” AS + MS?
character published published published published
internationally domestically internationally domestically
before 1990 75 - - -
1991-1995 52 - 1 0
No. of article 1996-2000 58 - 0 0
2001-2005 119 5 648 37
2006-2010 4,329 13 5,827 367
after 2011 1,605 188 2,500 176
total 6,238 270 8,975 580
Total keywords 80,508 4,011 127,113 9,203
unique keywords 4,793 1,009 5,770 1,615
major keywords 148 71 89 76

“iPS + ES : induced Pluripotent Stem Cells + Embryonic Stem Cells

*AS + MS : Mesenchymal Stem Cells + Adult Stem Cells



78 Hae-Lan Jang

Cells’ , ‘Cell Differentiation’ , ‘Gene Expression Reg
ulation” , ‘Neuron’ , ‘Pluripotent Stem Cells’ , ‘Cell
Lineage’ , ‘Induced Pluripotent Stem Cells’ %°] 7}

ol ZdE A9l 71 =el Sakith(Table 2). 7191 = Hl
EQ A w4 A3 & 9]elA= ‘Embryonic Stem Cells’ 7}
HE D Sl Add s SHA ghol =2 AA A xS}
%21 %38 (Tissue Engineering), A28t (Regenerative
Medicine) & AAA 71 A7F WY FH A (Fig. 1). = A

AAZ7IAE) THRAEVIAEE
FAR G el e = 8,975H A 127,113719]
JIEE FEEAT Yot T o Agelste] 897
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33 30719 71915 5 7 gol 23 E 719 EE ‘Mes—
enchymal Stem Cells’ , ‘Cell Differentiation’ , ‘Cell

3091 well s1Aatsict. A A

Al FA e &8 I A9 ‘Parthenogenesis’ 7} A$] Proliferation’ , ‘Adipose Tissue , ‘Bone Marrow
Table 2. High ranked 30 keywords of each category
AS +MS iPS + ES
rank international keywords domestic keywords international keywords domestic keywords
1 Mesenchymal Stem Cells Mesenchymal Stem Cells Embryonic Stem Cells Embryonic Stem Cells
2 Cell Differentiation Cell Differentiation Cell Differentiation Cell Differentiation
3 Cell Proliferation Cell Proliferation Pluripotent Stem Cells Gene Expression Regulation
4 Bone Marrow Cells Bone Marrow Cells IPS™ Neurons
5 Adult Stem Cells MS Transplantation Gene Expression Regulation  Pluripotent Stem Cells
6 MS Transplantation Adipose Tissue Stem Cell Transplantation Cell Lineage
7 Tissue Engineering Gene Expression Regulation  Cell Lineage iPS
8 Cell Lineage Chondrogenesis Neurons Stem Cell Transplantation
9 Embryonic Stem Cells Gene Expression Transcription Factors Gene Expression

10 IPS Tissue Engineering

11 Osteoblasts Biological Markers

12 Biological Markers Osteoblasts

13 Stem Cell Transplantation Neurons

14 Gene Expression Regulation Adult Stem Cells

15  Adipocytes Adipogenesis

16  Adipose Tissue Adipocytes

17  Regeneration Cell Lineage

18  Stem Cells Liver Regeneration

19 Gene Expression Stem Cell Transplantation
20 Neurons Embryonic Stem Cells

21 Chondrogenesis Transcription Factors

22 Multipotent Stem Cells IPS™

23 Regenerative Medicine Multipotent Stem Cells
24 Adipogenesis Stem Cells

25  Hematopoietic Stem Cells Bone Regeneration

26 Models, Biological Umbilical Cord

27  Transcription Factors Telomerase

28  Pluripotent Stem Cells Hematopoietic Stem Cells
29  Gene Therapy DNA Methylation

30  Bone Regeneration Gene Transfer Techniques

Stem Cells

Nuclear Reprogramming
Regenerative Medicine
Adult Stem Cells

Models, Biological

Embryo Research

Tissue Engineering
Regeneration

Gene Expression
Karyotyping

Mesenchymal Stem Cells
Teratoma

DNA Methylation

Nuclear Transfer Techniques
Blastocyst

Transgenes

Embryonic Development
Transplantation, Heterologous
Biomedical Research
Lentivirus

Multipotent Stem Cells

Embryoid Bodies
Transcription Factors
Parthenogenesis

Stem Cells

Karyotyping

Blastocyst

DNA Methylation
Antigens, Differentiation
Neurogenesis

Neural Stem Cells
Mesenchymal Stem Cells
Adult Stem Cells
Nuclear Reprogramming
Tissue Engineering
Models, Biological
Nuclear Transfer Techniques
Teratoma

Nuclear Proteins
Lentivirus

Embryonic Development

Bone Regeneration
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ferentiation’ ©1™ F 7N F#°]:= ‘Induced Pluripo—
tent Stem Cells’ & A= ] 912 ‘Induced Pluripo—
tent Stem Cells’ 9 94AAE FTAAZS ‘Embryonic
Stem Cells’ ©f ®]3}o] ¥t} ‘Induced Pluripotent Stem
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Table 3. International time lagged high ranked 30 keywords in AS and MS

rank '03-'05 '06-'08 '09-'12
1 Mesenchymal Stem Cells Mesenchymal Stem Cells Mesenchymal Stem Cells
2 Cell Differentiation Cell Differentiation Cell Differentiation
3 Bone Marrow Cells Bone Marrow Cells Cell Proliferation
4 Tissue Engineering Cell Proliferation Bone Marrow Cells
5 Cell Proliferation Adult Stem Cells Adult Stem Cells
6 MS Transplantation MS Transplantation MS Transplantation
7 Osteoblasts Tissue Engineering iPS
8 Cell Lineage Osteoblasts Tissue Engineering
9 Adipocytes Cell Lineage Embryonic Stem Cells
10 Gene Expression Stem Cell Transplantation Biological Markers
11 Hematopoietic Stem Cells Embryonic Stem Cells Cell Lineage
12 Stem Cells Adipocytes Osteoblasts
13 Chondrogenesis Gene Expression Regulation Stem Cell Transplantation
14 Multipotent Stem Cells Regeneration Gene Expression Regulation
15 Regeneration Biological Markers Adipose Tissue
16 Biological Markers Stem Cells Regeneration
17 Stem Cell Transplantation Multipotent Stem Cells Adipocytes
18 Adipose Tissue Neurons Stem Cells
19 Gene Therapy Adipose Tissue Regenerative Medicine
20 Bone Regeneration Gene Expression Chondrogenesis
21 Transcription Factors Chondrogenesis Neurons
22 Neurons Models, Biological Multipotent Stem Cells
23 Adenoviridae Hematopoietic Stem Cells Gene Expression
24 Gene Expression Regulation Adipogenesis Adipogenesis
25 Gene Transfer Techniques Transcription Factors Pluripotent Stem Cells
26 Transplantation, Heterologous Gene Therapy Models, Biological
27 Hematopoietic SC Transplantation Pluripotent Stem Cells Hematopoietic Stem Cells
28 Models, Biological Regenerative Medicine Transcription Factors
29 Pluripotent Stem Cells Transplantation, Heterologous Nuclear Reprogramming
30 Transplantation, Homologous Bone Regeneration Umbilical Cord
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‘Induced Pluripotent Stem Cells’ & % At}H[19].
weha] = o] fol= U ooy AEHEE 79 E9
SN E7F FEolof stEE )] §o]E A4St
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AAMEE U o 1&g ol st A7 EdkekA WS
Ha S HotoE AT 5 Qlrh. AAE A ESF T3t
HE7IAE =322 8970 7191 =5 dId o= 80 7HA A7) 8t
o 61742 NP ER AA YEYAE FAsP O Mes—
enchymal Stem Cells’ , ‘Cell Differentiation” , ‘Cell
Proliferation” , ‘Adipose Tissue’ , ‘Bone Marrow
Cells’ %°] dAHE T4l %o ‘Tissue Engi—
neering’ °f thgt A++7F &SI (Table 2).

A
)

U JIYE HIEHT EA

e EEZ7| A} wolE /AL E FAR ¢ =79 71
Mol FAE o R 4 719E UESAE FHsS8
o oot FdeA F e F2 7191=<2 ‘Embryonic
Stem Cells’ ¢ ‘Cell Differentiation’ THOZE WESL
4% gAY A 9= MESAS) FE 719 =
EY A= WEYIY UE9 Aol= A v =440 5
Aol FAterodt, AAE7IME FNFEVNAE =l
A FE8 9571 719 EE ddo® 5 7k X 7] 8ke] 5270 )
FI9ERE MEAIE FHEA 2™ ‘Mesenchymal Stem
Cells’ , ‘Cell Differentiation’ , ‘Cell Proliferation’ ,

‘Adipose Tissue’ , ‘Bone Marrow Cells’ 5°¢] 9444
5 S kol 9tk (Fig. 2).
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59 T & 2006 o] Fell= 3 R P o] )
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Table 4. Time lagged keyword slope in AS and MS

o $1x35kd om 1980, 1990 e+ ‘Teratoma’ |,
‘Blastocyst’ §°] A& A7 A2 Hhshs F
AE B 20009 ol-el= ‘Embryonic Stem Cells’

o] FQ vEL A #e=o] 2> EYAE I3t
2001 ©]%F o= ‘Embryonic Stem Cells’ 7} 2 U
EQ ] 54391, ‘Pluripotent Stem Cells’ &= 14
A% FHA kol T7hstHA FHAUME Al 2gstsitt.
2008 o] %o+ ‘Induced Pluripotent Stem Cells’ 7}
AAE F47 kol T7hsky FAHUES AL F2 719

=2 SAsAY. wAAQd H$ ‘Neuron' , ‘Models,
Biological’ , ‘Nuclear Transfer Technique' , ‘Nuclear
Programing’ , ‘Regenerative Medicine’ ©] AlzFo] 7

B skt U9l 49 ‘Nuclear Program-—

ing’ ‘Nuclear Transfer Technique’ FAo]7} =4
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Fig. 2. iPS + ES keywords network In Korea.

international time lagged keyword slope

domestic time lagged keyword slope

degree centrality value degree centrality value

keyword -'05 '06-'08  '09-'12 slope keyword -'05  '06-'08 '09-'12 slope
1 Cell Differentiation 30.39 101.39 24245 106.03  Cell Differentiation 2.00 6.85 779 2.89
2 Cell Proliferation 8.77 4395 11236 51.80  Cell Proliferation 0.67 2.80 3.87  1.60
3 Bone Marrow Cells 16.02 47.16 84.07 34.02 Bone Marrow Cells 0.99 291 288 095
4 iPS 0.00 0.32 61.84 3092  MS Transplantation 1.65 2.83 211 023
5 MS Transplantation 8.09 32.23 63.80 27.85  Adipose Tissue 1.97 1.81 243 023
6 ES 0.34 14.39 53.84 26.75 Gene Expression Regulation 0.27 1.57 1.89  0.81
7  Tissue Engineering 10.82 28.07 57.02  23.10  Chondrogenesis 0.43 1.55 .12 035
8  Biological Markers 2.95 14.16 4459 20.82  Gene Expression 0.56 1.39 1.01 0.23
9  Cell Lineage 7.11 19.20 4445 18.67 Tissue Engineering 0.45 1.39 0.88 021
10  Stem Cell Transplantation 2.93 14.64 37.68 17.38 Biological Markers 0.05 1.20 1.33  0.64
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Al FAEY 5@ A A A9 7= Sl
™ ‘Parthenogenesis’ 7} 44 ]-Jx] shitt. AAZ71A
E} FUAETIAE Lok HAA QD A5 20059 o] A7}
A= ‘Gene Therapy 7F SAVEY A Fa3sk 719
o o] & ‘Gene Therapy’ 7I9=+ #HE=z o4

AT FAA0] 743891 ‘Tissue Engineering’ & H] S
3 TS A% S ‘Biological Markers' & 444
T A0 PR Gt Al ARl AatE EA
ECMAE AZFAE AGHE T O ZHAES A

3l ‘Biological Markers’ of thet A7t &tetA
a1 21 °m ‘Regenerative Medicine’ ¢ A E F4
dol ks FA1E HAt(Table 3).
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