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Application of Induced Pluripotent Stem Cells in Rheumatology

Seung Min Jung, Ji Hyeon Ju

Division of Rheumatology, Department of Internal Medicine,
Seoul St. Mary’s Hospital, The Catholic University of Korea, Seoul, Korea

Since induced pluripotent stem cell (iPSC) was first in-
troduced by Yamanaka in 2006, it took only six years to win
a Nobel Prize for his pioneering work. It is unusual to win
a Nobel Prize for such recent research with a short history.
Many scientists and clinicians are interested in iPSC for its
potential application. Significant progression in this field has
been made, while there remain many hurdles to overcome
for application of iPSC technique in real clinics. In this re-
view, the concept of reprogramming and the basic techni-
ques of iPSC generation will be discussed for the reader’s
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convenience, followed by discussion of recent progress, fol-
lowed by the topics of “disease modeling” and “cell therapy
with iPSC in the second half of this article. Several examples
of rheumatologic application of iPSC will be provided in the

”

main text. If rheumatologists could understand the merits
and potentials of iPSC, opportunities for innovative research
and therapy can be expanded.

Key Words. Induced pluripotent stem cell, Rheumatoid ar-
thritis, Osteoarthritis, Fibroblast like synoviocyte, Lentivi-
rus, Reprogramming
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E7NAEE SRS DAAA A2 i E i A
Fole|Z27E & vk Alxe SAG A7AdsH
o] gofuk Zo] Aol ARt ujole] stalel] mpE Fel 44
A7 A g stek el A&l 27l Eol Het
(5) BAE7IAEE oln] Aol Bk A ZHE] o]

© AezA A, oY, T, Al 59 ket 74l
H A& T Aok AAETAZE wolE selA] Yot
7] vitell ArdEed e TAlA AfE ol AR,
wjobE 7| Al el ulsl| E3-sHo] WojAa = 7hed
AEe] = R olo) A AEX] FAIZA 2] F-Eoll AlZE
= W5 A 4,0
BAEZNNES ATshe dddTAES 2AHFE S
a3 WA S5 H&sbelA L] AAE7]A
EE AHAT AT e ASske 5 e Bt
o] Q}ell 3 &*}Eﬂlh A =g sk

ARIIE7|AEE 200610 YE o
AFH o zﬂﬂhoﬂ Oct4, KIf4, Sox2 :La]J_ C-myc®] 47}
A QAE Azlste] AfFor BlzraddE AR
ol % A AAleNA B2 dFAbgol BAlE Kol wh2A|
WAEL Qs Fokelet (7-11). TR shel] qlofof
sk wobE 7] A E Well vls) &%) EAlellA vl
A 2L, 2k AAEE A slZz2ad deR
# g SolHQl E7IAEE W T vk Ho R <l
E71AES] AT ZokllA FTReHA thFoiAaL Qi &
olA A3 wlobE 7| AIE, AAETANZE, AL3E7]A
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£ 5 2% TS Aclol A el Ealslol sl
g AR ALY 94 ek Bl Qe B
Eo] ARAFAAEL WAL, AL, FAA%
o AIAAAT, BN FFANE Soll S5 5 9
t ko 2A g wa g

FANAE QA B ekt ATANE B9
3, H3 Frlels kel AFAEe] 2 AREETA
3 ]

Aol A 7]Estat et

= =
2] Z 2 18] (reprogramming) ©] g?

i3l =0 o B3l (Dedifferentiation) FAS FFo|}
2R 2=l 93l 2 o] E4E A5, BI3F Bt AlE
ol AZHE ALY 2719 v &3} JelE = Folziohrt
thA] gl wh AlEY 2202 Eilsle Aol &
ghelol, AABEE, Zula Fro] £4oll thelo] ksl
AN sEE Kol 3le AT A #A=, T4
Fob e a5 EEoAE W84 5 DNA methylation
I 2L FAFA™] 8 A oA R
Aol A Pl FAbe) e AR g Sl AA
touljol o] GE AEEL FRAIA A B Als

(Genome)®] B HE5 thA] 7|3} (Reset)dlo] 5174 Kt
= N2 AEZ =209 H) o= AL W
Az T FAE S B HF o=, 1990 <
9] QdFglo] EffrollA Ao & AP A7, &
o] AAHE FAboll AAEL] &g Al WollARE]
AHHQ elZz2 o side] WAt o] e
FEH TR R BAE Feleltt (12). ‘AlAE
X2 7zl o3l A HE AA|E] do] A=,
L] A olu] EAEt Y wde] AAEoll o]zl
AAZO] o] A7k wFelw E7IHE A= el 22
a9 5= Ao g FAEI (12-15). T 3 At o}
Uzt wllo} E71A1E Yo% glz2als 53 5 9e
AAFEo] EAghE AFAIFo] BaE At (16,17).
2006%] Yamanaka Soll 93l Oct4, KIf4, Sox2 L]
C-myc®] 47}A] Q1&}(Yamanaka factors)oll &]3ll A-frolA=E
(Fibroblast)7} S7|A| L2 B3} HAo] HxE Ko
=k 8). o] AFE T3l I St U AFAEC] T=
3l A v de] Q1Atell gk AAZE ElE et Bl Ze
Y TG 2 chakst A E oA ofu] Q1A= Wl
o}, 23k AAZL AAE AR =HEH 714
E A2 BT B &Rz dl 20124
Yamanaka A7} 2l W] 7]ofslA] F oAtk
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A oA E 9 ATAEY] Q&3 EVIAE FHAA

HlZ Qo)A 7% 3k X3 Yamanaka 5= Q$I¥ o
213}k Oct4, Kif4, Sox2 12| c-Mycoll &3] A4 =7} 2
2 aoyslel ZAMLR GERH: BES UE o)

o 8). o] AL Ul ot EIIAL ] 5L LA

TFoRA, FIAEE] BAS SA Bofes 4 )
M) GAAE B53} slo] of 7ol AR 2470 FA
A z3po] ZEads o B3 fEol ol P

AE AFsligtch. 4 wolE 7] A Eoll A FolH o & uhy
3= Fbx15 fFAIALE Al9sto] 2l e AI2FE T3
t}. 8] 3 Fox15 SRR AR 7 RE] o) gl
WA FARE AdFH oz 4RIA7 FAR =S upg-2
2RE] wijolE Atk of7]ollA] wio} A -fobAE(Embr-
yonic fibroblast)S |3t wloksle] glzz oS 3
A AZE Akl a8 oS Foxl54-44 2 2l ZEl S
7HA o} AfotdZE o g 2470 FH fAAES
thekgt z3to 2 FAste] AX el Adsldct FAAE
AZE ol Adels WS o] 2 dEZnlolz]x
(Retrovirus) & o833t}

Oct4, KIf4, Sox2 18]3L c-Myc?] AR} =35 ulo} A
frobAl Zoll AelolS o, Fbx150] A slEo] &AYA|
RUC ! *Eﬂ(Colonwa Y57 Hgiet o] 22

ot

0
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UERE A2 AZES T4 e Wl mio} 27141 Z9}
7o sxuks ey waE g, AE ] vkl A

o} (Embryoid body)E A4 skar, AA] Woll Foislsl &
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] 7]%d F(Teratoma)& B4 st 52 bewds™ol ¥
ZE et vl F AH o2 23 AlEo|At ol 7]

Azt v FA EAES Ve wiitel d7AE
£ o] & ‘fFEWHsE7] A E(Induced pluripotent stem cell,
iPS cell)2hal HH st et AN EZHE] £} A
AE AFZ E5ichste] «JREIIEVAHE T o] 5 o]
AH-gska glek. 2710l Yamanakaoll o3l A]x=% o 53}
Z1AE Ago] ot 7| A £} nprtA 2 254 §
HA o] AAAENNA HAslo] FEAARE AFo] 7h53
HAG B ZZagvb = ofA7HA =g7ke] oA (18)7}
QYA o] = A HQl EV|AES] Hx FFolgs 1
ofl A A AA AFAES] ST FEE do 7dnH
AT etk

71Ee] AFAze] w2 F 9} Az EVIAIET} E71A
29 AAL FAB] Sl Agshe 71- 3 HARIA A
4t Xpol & Kol 9lo] FHollA AF3t JEI}E7AE
7155 AT Z H &3l A 2 FAellE 44 &2
AL g dlZslgih e 2006139 E7]1H Q) A3t
UEE A 19E <k H AollA dE(Yamanaka §)3F w5
(Thompson &)ollA] FAlel QI7HA|Eo A FEIET]AE
F TEs BEERY (7,19). ATAZE o] §3lo] o3}t
AL Ao fAAAE 7 EVINEE
A AQBHeNA wjekslo] 3kxtEo] £7]4)
Fo g AN 7 Ags AAsE Aol
thg-allQl 20071, MITS} Harvard thehe] AfgoA %
Yamanaka®] A7} e AT AN ES LEFOZH
AAE elZz2 o, BT AE Tl gt Adt
AMAA S AJH oz 2l vhA| H ).

A7 EE T2 o AL% A= Oct-4, Sox2,
KIf4, c-Myc, Nanog L8] 3L Lin28 So|t}. A5l ulet

RN

-—

-

O

Nrul 610
L .Munl 964

.SanDI 1708
i Hpal 1801
i/ PspXI 1942
- Xhol 1943

Ascl 2330
“.Agel 2372

Scal 11123

7
s 2,000 BstBl 2942
Sfil 9983 PRRL.PPT.SF. hOKSMco-idTom pre FR g
SIN 10,000 hOct3/4co
FRT wt 12,899 bps P2A

Xbal 9416 ¢

'PRE

4,000 57" Nsil 3452
8,000
4 6,000 hkif4co
A d Tomato \
Eco47l1 8619 .~ o .
SexAl 8493 Xcml 4449
N\

) IRES hSox2co|
C h cmyc

BsiWl 8187 %
FspAl 8021
2A

Pmil 7700

Miul 5960

Figure 1. Vector structure of 4-in-1 lentivirus. 4-in-1 lentiviral
vector contains 4 Yamanaka factors of Oct4, KIf4, Sox2, and
c-Myec.

Al - A

Oct-4, Sox2, KIf4, C-myc (8) ©|t} Oct-4, Sox2, Nanog,
Lin28 (19) £¢] 2322 A8stlrh Ot wiolZ71A]
Foll ARt W= 3 7] 29| ubeA S A
A &g sl Ao E 4#A 9ok (20,21). Oct-4 W3
o] A4 A5 wlol £V XS EVAIEA o] FAEA
o AErt sl AlEZESE AjEEC (22).
Oct-4 Sox2¢} o] 45285 sto] E7|AZ So] 4
A S ST Aol AsEIE et (23-25).
Sox2 FA A= Oct-49} FABHA E71AE 7)1 5FA 0l L
TR0l A8 g} (26). Sox29] WS Al =74
x2A9 AAL ela AAMER Z37F AFHEY 27).
c-Myc¥} Kif4= 8] 5238 A A S 7143 9L
ZHEolt} (28). c-Myc A& A, 3k
g xRS A HZ 5 vheFsk AlE W &
s UE FAAEA GRS Mye A E-loll A
© ZERE obyEl, dAAe F=E WHIAIA Oct-49
Sox27} EA FAA e & A T YEF E9FE Vs
= T3ttt (29). Kifde A Aol Holste] AlZ F7]
£ Z243e 9%F 3l HZ el wEW Kifde
c-Myc I+ §-AsHA wotE 7] A £ Jak-STAT3S] A&A
A Al A &9 AR A&, IhEE Al Oct-4d
& FAAA wlolE 7 AIZ ] #3315 A g} 30). 17
1} Oct49} Sox29k= 2El c-Myc I} Klfd= H3} Z7]A4|1E
Z AlFelsd kEA] Badk §A27} ohy ks Zo] o
2 AFAES Y7ol Nanoge ool A WEste= &
o] FARJAZ Oct-41} Sox29} fFASHA wiolE7] A £ 9]
Z7NNZEAE AL w3 & Efstedl 2 ast
frAA}o]tl. Nanog7t A E-3FE7AHIE f- ol B 1Akl
A& Aol ukel o7 o] vt} LIN28-> mRNA 2%
thil g 2 A wijo}lZ 7] A28} wijo}FoFAl el A Wl =] v
3kt FAlel Polta e A= 4R vk (19).
2006 o] FHE] AA7A AFAES ‘Al ¥ BE
Ho g ARINZI|AEE vhE F JE7b, A AL

A~
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Figure 2. Overall process of reprogramming. 293 T cells are
used for production of 4-in-1 lentivirus. Lentivirus is transduced
into dermal fibroblasts. After 1~2 weeks, cells are transformed
into stem cell like morphology. After 2~3 weeks, stem cell

colonies are formed and then picked up for cultivating stem cell
lines.
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eI} o] 2 4ind WEIE o] §eto] 23 F7AE
& +9sh P

ARNZINES BEr Wpe wolois, @,
mRNA, oll¥]% E] o] chakat Wil 9 A7l 4
sholl WA WEIZ Fojo] e el Mk (3135). o] =

ol Al A A= Octd, KIf4, Sox2 L2 L c-Myc?] QAEo]
171¢] WE] 7HAE Holl o] Eol3lE 4-in-1 HE] & o]
43 AB3ETIAE FEYHE &NE el vh(Figure 1).
4-in-1 FAAZE AFQE] Qe Fekir ES 203TAEe
transfectionA] 7] 3= 347k wijekslo] 4-in-1 lejulo]e] 2 W)
E](Lentiviral vectors)E XA 7|3, AALE nlolg| A5 &
of AAIES] =zl Agabeh 7 % 327k wpo]
2= Tl o8l A 4-in-1 FlElRfo]H 22F A folA
ol transduction A]ZIt}. Transduction®] &5 =o|7] ¢
& AA3E vlo|H AE AEsl= Aol EXut v|g] wFEo]

=
% ulolg) 22 A88 S5 9l AlgoHEE EolA &

Clone 6

Figure 3. Summarized images during the process of iPSC reprogramming. Fibroblast begins to be changed into the shapes of
self-proliferating and colony-like feature. Background fibroblasts are not reprogrammed so they remain spindle shapes. Generated three

colonies are positive for pluripotency markers.
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AulA 9] 7] A Gol4|E(Skin fibroblast)ol] A < E-3}=7]
AZE TR S AE3to] Fubel 2374 <d (Rheu-
matoid arthritis)2] 22FA3E(Synovial cells)®} =34 %3 (Os-
teoarthritis) 2] A LM E ARINEIAEE FES=
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Figure 4. Pluripotency markers are positive at generated clones. Immunofluorescence staining shows positive pluripotency markers such
as Nanog, SSEA4, Sox2, Tra-1-81, Oct4, Tra-1-60. Embryonic stem cells and iPSC are alike in positivity of immunofluoresence study.
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YE FAL LAAE Aelge uf wizs
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- Bone specific marker
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- Anti-apoptosis
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- Molecular analysis on
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Figure 5. Various levels of studies with disease-specific iPSC. OA FLS and RA FLS are compared with each other at fibroblast level.
They are also studied when they are reprogrammed into iPSC clones. They can be differentiated into target disease cells such as
chondrocytes and osteocytes. If we could find any differences in OA& RA iPSC-differentiated chondrocytes, it would be a promising

methodology for exploring disease mechanism.
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el ] B w BAIse] a2 Aoz o
Z3|0], @Al 5§ 7F5 oAl Adelt N Ee
Agelold B 5 9 Ao BerHTkFigure 5).

74 Fol 4R} Z/ AL T4

) BN HE Jkss 2okRM FRRYE: A7l whE S5
2 AW glo) 27k AT Aol A& b Fob
24 AREAL S FE 5 9E Aol (3637). AT
Weloleh ge] AES ARFEFINEL 2lZz Y
shar, Agael A A3 AAYAMNEL B34S A7)

5, Aol gkatel A & EAlE 71Helrt
G3). A7 JEE7NNEE o] 3hAF AEZHE] F
E=7b 7heetan, 3 ofE] AlZE E3AA = 7] ol
Toll Agkrdls]e] 7hed Aoz Azt 53] s
E7NANE 7S FAHo R TAIZE Bl AgtellA A3t
T AlEE 7R AEFE st f8sket (38,39).
A FAR-FATE] FaAgS ATee &
HEo 2 Agetar, shatollA]l BolZo g gabE el <kA|
o] Ao &8 + Urh(Figure 6).
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27| AEE A3 EEy Rofol4 T E7A|E S50 v
& S-etet. ulolE AEL ghAlA QoA 4 gl A
Fol7] wlol olel ARE §EZE Ago] Brb%
7] wlolth. AAEANANES FAAE Agmelel e
A ga) Helt A%k o), A/ AL Ase

S5 F7AES Aol B A2 A Q4 A

o] Bt} ehe solch Agaol A TaE B Lol
Mol AR Bl el BAolA ko w SEbs
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d= A A%, A E S)lE AEFE7A
ET o] &3 AskrdlFo] 584 Ao A w4
HAAARS Aoy dF 22 £ WHelzde A
FAst7) offar, 225 At W AlEe A5E Q)
ol A §57] wlioll Al I d7ell A Eol= S
22k So| ARE7IAEE Auids 3l AEFH

Rheumatoid
arthritis patients
P Induced
pluripotent
Methotrexate k stem cell
> "
x o ‘ Differentiation

Proteomics | a\ycs analysis
Synoviocyte T cells Macrophage metabolomics . .
B cells New Figure 6. An example of appli-
Obtain new marker marker  cation of iPSC in disease mode-
in vitro treatment with MTX l candidate ling in future. iPSC from patients
MTX MTX use? are differentiated into  syno-
Susceptibility & side effect on CUscaptibility Yeo ol:'SSA viocytes, T cells, B cells and so
Immune & Inflammatory cell on. After methotrexate is added in
by MTX culture dishes, and then the
| > sidzﬂl—:;ect lI}/lJz)(rdc(i)j\?v’:'n effects of MTX on target cells

Table 1. Application of iPSC technique in disease modelling

could be studied.

Diseases studied with iPSC

Differentiated cells from iPSC in vitro

Disease phenotype Drug screening or functional test in vitro

Amyotrophic lateral sclerosis Motor neurons and glial cells
Spinal muscular dystrophy Neurons, astrocytes
Parkinson’s disease Dopaminergic neurons
Down’s syndrome Teratoma tissue

Sickle cell anemia None

Type 1 diabetes Beta cell like cells

Familial dysautonomia Central nervous system cells

ND No
Yes Yes
No Yes
Yes No
NA No
ND No
Yes Yes

iPSC: induced pluripotent stem cell, ND: not detected, NA: not accessible.
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