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Cell Therapy in Kidney Transplantation
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Current immunosuppressants have nonspecific immuosuppressive effects, and are not helpful for tolerance induction.
Consequently, transplant patients cannot discontinue using them, and their nonspecific immunosuppressive effects result in many
side effects, including infection and malignancy. However, most of cellular immunotherapy can have donor antigen-specific im-
munsuppressive effects. Therefore, cell therapy could be an alternative or adjunctive to nonspecific immunosuppressants.
Polyclonal or antigen-specific Foxp3+ regulatory T cells have been actively tried for prevention of acute rejection, treatment of
chronic rejection, or tolerance induction in clinical trials. Regulatory macrophages are also under clinical trials for kidney transplant
patients. IL-10-secreting type 1 regulatory T cells and donor- or recipient-derived tolerogenic dendritic cells will also be used
for immunoregulation in clinical trials of kidney transplantation. These cells have antigen-specific immunoregulatory effects.
Mesenchymal stromal cells (MSCs) have good proliferative capacity and immunosuppressive actions independently of major histo-
compatibility complex; therefore, even third-party MSCs can be stored and used for many patients. Cell therapy using various
immunoregulatory cells is now promising for not only reducing side effects of nonspecific immunosuppressants but also induction
of immune tolerance, and is expected to contribute to better outcomes in transplant patients.
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%A T A)Z(Foxp3+ regulatory T cells, Tregs) 79 =
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o 9z AR TN B ERNE 2K g
3t O Axl B =RoA Foxp3+ 24 T A)Z(Foxp3+
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dste] 0|4 A7) AES FHAI= A=
t}(2). ONE A3L(The ONE Study) 714X
[T 248 NE(Treg)$} T 24 13 AZ(Trl A3E)],
Aﬂi(dendrltlc cell), 18] A3 S 0 & o]|F
7o) the FR 28 AE WA 2o THs AT
H7shaL ik o] Aol ARl BAL ol
M2 AR5 BUH AY ZRESS o 5to]
& sk glon, $UE A9 ZeEse 96 o
Nae ﬂwa’iu}. © 4 ool A= basix-
11, prednisolone-2 Xz} £ 06 A
o]l & 15Fk0f &R ]8}11] tacrolimus= ©]4] & 373 o]&
2 3~6 ng/mL2] x5 8|8}, mycophenolate mofetil
= 15Y o] %2 1.5 g/day?] §F o= FoIgith Aol
A= basixilimab §%= X & Al A|3E X722 A5},
prednisolone™} tacrolimus: o 23} ZF© 1, mycopheno-
late mofetilE o]4] & 1d ojjof &= AL YRloZ 3t
o} o|9} Zro] FU ZREZS o83 /E Alxxw 4
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2. Foxp3+ XA T M|®(Foxp3+ regulatory T cells, Tregs)

Theet F70) T AIE7} o] 4] we] phgo] PojHrhi
Aol oA lemw, I Fof Al Zo] HARIA:
(transcription factor) FOXP3E& ®33}= CD4'CD25" =4
T A3 (regulatory T cells, Tregs)o|c}.

S A2 7 Tregs AlZZ2X] = 2] AR o] EAY
7EA] 4707 R E QAL 37l o] A H ] &5 A EHGraft
versus Host Disease, GVHD) || A}, 17= A|18 w0 A
AP =] A TH3-6). U3 EH 4709 YA BT Tregs A=
o §mAI o] SsiThis AL Mol Zdrt. el
7 e A 8t o] 8 2 cytomegalovirus) 7T 2L 7]%)7)



Zgho]| tigh WA
of thzk A A
25 FOXP3" Tregs?] 4% (purity) 7} 31% 4] 97%¢
A7 AL, HHEA QL A Q] A5S Foto] & HEEe
Tregse] u]go] Z7E3ich

Hjo| 4] SAES Ao R g Treg A|22X| 59| o]}
Aol 71Hkste] Alol4] siAEE o r=
AlFo] ZaiE]ar Qo) @A www.clinicaltrials.orgo]]
of WL 9= Tregs AlE Wl Ro] AAHAE
fokshE T3t 2k R WAL BXlolol 2ol 41
gold S e s AR WS oslr] ls) Trees
& 2ojaji QUabAFo] WY Folk AelolA 447
th== 24 (polyclonal) &}7} TregsS 2x10°0] geFo =z
30dA e} 180LA ulstz FARSE] A =me ool =
HA), =oAL tacrolimus?} mycophenolate 2 X| &2 3}=
WA AEA Aol 4] SRS tabem Al EA So] Be
9 $E 5 = A2 BrleknA, TFE2EA (polyclo-
nal) A}7} Tregsi} o)Al 4=& G-I A 3 (Transplant-Accep-
tance inducing cells, TAIC) 2 2] &3}o] o]4] Al =L}
welo A Ak 58 st 7He T A% WA ek
Al A, F=9] ONE Aol A= Aldol4] £ 5d A 1~
10X 10°/kg?] th=Z2 A (polyclonal) AF7} TregsS A o

Fofahs QIAAES AaAs gtk o4 IREL
prednisolone, mycophenolate mofetil, tacrolimus® &7 &
£3}31 ok Y] WA, n]=+2] Massachusetts General Hos-
pital | A &= Aol 4] S-S th o= TregsS o4 %
A Folsh= AdAIES J3YstaL Qi 8Ake] Hx
o A o) A Tregs E2l3tol A TAe] B2 Aol
AL} belatacept= A=A A FYUE0A Tregss 5
AN THE TR S8 Aol Eofstnl, o]4] & 605 of
el 7]&2] AAIAE £Y 4 Sl A& B/ A3
olt}. wix|uto 2, wu|=Q] University of Calfornia, San
Francisco (UCSF)ol| A= 417 o] 4] A oA dad F3
& ASoll gk Tregs 2|75 B71st7] fl8l, AlLlolA F
AIA)7] thE=Z2 24 (polyclonal) &}7} TregsS 320X 10°9]
ggo2 18] Fste] Agolale] F7] APFE B
31, A A} BAI S} anti-CDAOL 2432 o] g3t g9l Eo
Z Tregs A&k AP of4olct.
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o}, sfukata @Ale] Welola Al 74 A5 (cyclosporine
A, FK506)v} = (purine) AYEHA] (mycophenolate) 7+
Wl w50 FEA A2E oAsb] whEolch Wt of
Uz, FFAAE HoZ =25 H(antithymocyte globulin,
ATG), Campath-1, anti-CD202} ZH& A SL o0 2
HlSol Moz wel AZE A7 gkk whlol, T Al A
2 & FYUE AfolollA] o Ak Zpol & s | 4
598 23 Q) uie] FEarele) dig Hejure
Hom 28 4 otk Arheel G A7hd
A7 Aol vk ol A, islet 9 5o0] A Q] Tregs&
AHg-sHo] islet A7 Ao s HE &= Zlo] yhhe
o} QUEHT). o] 4 BEolAlE gl %7]0] S0l Tregs
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o] 4] 7] 7|3 Wkl oy Th(s). Eak o] 4 uhg-
RdlS o83t E tfE ol A<=, Tregs 2| =7} AR
S ®xE #ok olygl 7FHA I-8(infectious toler-
o YR Solge 2 ARe
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Tregso] Az WAz o]gd o F WA 2,
Tregso] ¢ ThAfchssto] 59 el Az i
99 mE 28 4 Qof Yotk = Tregs® CD4' T
MZ, CD8" T AN|Z, 2Ap¢dAtallA|Zlnatural killer (NK)
cells], AFAAS] T AJZ(NKT cells), B A 3£, t}hokst 3} 4|
A] Al 3 (antigen-presenting cells) 52 Z3}slo] ofg] AA
wel W Al Wof wgS AT 4 oUrh(0). Eak Tress
= nlAjgg ol whet vhekst 24 7S Zhar Slvke A
o] ) HHErA] & 7](quiescent state)ofj+= HZTA %
oA CD4" T M EQ 5~10%5 AA|3H= Tregso]
CTLA-42 E3fo] Bz 22 22839l CDSO/CDS62] 1t
A BT, 23} 2 Ao 2SS Aughe
2 93] gk wel BB Aok AL WAL 9)
tH(11,12). ¥hH Hdshx] EAJ517] (active state) o] = Tregs
& 9% urge] dojutis Fold FAsT FHuA i
o, == e Whg-o] 7)o dojupA HiL, WA A
o|E~7}elel IL-10, IL-35, TGF- A, ATPases, granzyme B,
IL-0-ol )4 w5k A 58 o] gatol] AAbHlel wel g4t
do] BEEA rH(13,14).
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719171 Ak o1 7] 44 el

R51X) 9 ERF WRS Aj7ko] YR Stk
O el A9 T A8 S,
Pojipr] He] Wl AL BE 5 Y
Tregs A|Z7} Folsjojo} ekl Zlo] AAHojof Fk.

3) Tregs X|lg &

oA B7le] ARNEE EHHOE AT 4
Tregs®] &2 AFEshe A olA, ‘“"n T7F
of @ i}7](effector) T A|EQ} Tregs E3HE&E
(adoptive transfer) &= wpQA mdl] 01]/\1% Aol 7H
a7 T AZ G 1719 Tregs, == 1712 &747] T Al
E o 579 Tregsol 7% W-3-2 elsi o Bastgct
(15,16). T Th2 ufoA AF AL 0]A] A7] Qtoll 30%
9] Tregso] A& RWEg= e 4= Qlok= Zlo] WA=
oH17). wheba], Fgdom Al Aol 166x10°]
CD4+ T A7} EAfshctaL 343 o), Weluhe-g muhd
o2 A5 YFAE 53X10°9] Tregso] "o a4 =
th e, ATGEF o] 90%2] T Al25 L4A7|= A&
9} A Tregs X7} Watgoid, 7 2o} 10v) &
5%10°9] Tregske ZHE Aoz 01]/\1'5111]-(18) S, nf9-
29} Qlzko] WlAe] HA 1 Qi WEF S oF 10008)
Zol7t gl 21& Zheret w, o)A Aol 30x10°9] o}

ZZ 2 X (polyclonal) Tregs X 2E E3]] npLA dof A
o]l 7] AEEol S| wwell, QIgtol A AR vt

>

= AT 5 A= tHEEE-9(polyclonal) Tregs 2| 79
IRl & 30><10 o0 F AR o7 AAK 4 9tk
(10). <1 XﬂﬂH Tregso] 2= 13X10°0.82 2% €)%

9k AA] A&zl AMEE o e ZVP Aol Fadd
Ao &85t Gl Tregs?] = 025X 1070 Ets}
o}, uebd] A0 2 E YA Tregse] & =
o2 27 4 9= A9 A2 Z4l(ex vivo expansion)
o] WA o]},

Tregs Al HAA| RS A-dh= o4 vh-
DATHA HoA= A} F shibe, e2 &
B FTHYS F P Tregso] 55T L=
S(naive) S50 A AofZl Tregsit H]uLs}o]

= Flow, o|2igt FAH A
Tregs©] v]-&o| Z7}317] WjEo E]-(19 20).
T AlZol= 271R] 571 o} “A 7‘4(d1rect)
s T M2 7154 Ao 238 H &
= Wb, Q13 indiect)” EE541 1
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gt FuBAE, BF0I4 BEL Ao 1A 1l
38 Bof olFolAn], g AE: YO TREIE
21 Bolge 7Ha Tregs w5t 114 Tregsiho.
2% AR Wge] fotel AY Hwo| HE AN 27

A
SIAIT 2 Tregse) 2Hgol Wlasle] 1 A% AlgHol
tH21). Lee 52 80%2] ¥h-5-4 T NZE AAsI= 2|58t
AU, 40 EEU W Trew A2 WS 55
o1A12] ol $719E WS T FE Aol
clonal) Tregs E?j— o|&] Z7]9o] A7| MELE ST A
Uk e guts A7) YA FZEo](allospecific) Tregs
3 mste] ) e ol Azl Bastgrk10). 3
o i, G ol Tregsth 2 4ge] WA At
golo] o)4] Hr|o] HEEE FINATA T . H 3}
7H S350 ubS Tregs©] Wal a o] 2402 whoiE
CHAG A A meh @l FEa el AnAt AT
Hobd, 2R3 o522 (polyclonal) Tregs & tf ©]4]
H7\e) A7) AEe FE & oS Aol

_g

O:

4) Tregs &2 ¥ $4 |k

Tregs 5419 3 WA THAl= Tregss Z#]3k= Zolth
A7) EAsE Al E2) 9 (magnetic activated cell sorting,
MACS)9] Tregs £2]5 9Ja) Alehe 9o1H(22), o] mr e
= ARER S 7129 A7) T A5 ehds] 29
812 8k AlolA i BHo] itk ol CDA’ 4]
szof el E CD257} Tregsol| Rk = 3t=|A] oFof, CD25 &
3t B o 2 = Tregs¥} non-TregsS 3514
171 dlizolch. spA|wE CD127¢] 271491 =<
D4'CD25°CD127°" 2] E&A &S 7|22 3}o] FACS
o] &3k sortinge. 2 1= 2 $£8 EalE TregsS IS
971 92 (23), o] 2fek W e Abgste] Wel 100
mLoll A B 1X10°9] TregsS £2|& 4= A =itk

= WA AR 5229 (polyclonal) Tregs S-4]0] 2
Q3%H|, Tregs2 anti-CD32} anti-CD28 0.2 F B % beads
of IL-25 HE3ro 2 474 2N 4= Uth?24). 51#]
gl CD4™ T A|3Z9} CD8™ T A7} Tregs® .l ©] Z2]o]
2 =7) e, SHA7I7] A H2E IR &5
Bejels Aol ¢ Fasth e} MACSE ol &g
Tregs H8]= £ CD25'FOXP3” Ao 23] 2. ¥o] ¥

Lo~
(‘) et 1.)1,
-1> fu

4 jo Az o
h

7] Wzl A7 E 4= ATk Rapamycing 740 24
A2 wigFe] edS A o= 9=, o= rapamy-

cino] 7] A7) T H28] S4|2 AAA7]= who]
Tregs 4ol 9= @ vA7] WEolth. 534U 5

o] RE-5-4 Tregs2 A4 A2, B M|, 12]al v]Z 2]

ruE i
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ycophenolate mofetil-2 Tregso] of3t

= Ao geiN et e 71 SA) FAAAMAES AHESE = ACR gl m

of S4AF 4= 9let. Putnam 52 CDAOL 2498t 55 B Fo 9lof vl s FHAolrh. Eeh anti-CD25+= CD25
NS AHEohe S Hdste] 3 WA Trees 5 Wddhs B A2E IAA Tregs= A7) 1t
o] SA4E YA o= A5k d EshATh25). OW woll, T A2, AAASIA| E(NK cells), B A £Z 31.2A]7]
Ao SR F ArhEs wol7] fl8 o] M2 © ATG= 2 0.2 Tregsof] Hie FaFo] #of Tregs9

Al anti-CD32} anti-CD28 0. & beads= H]EOPQQ H| 0] 23|78 Z7}s1A =l CTLA4-Ig-& CD80/CD36-2

HU I
off,
m]r[ i}

2 AZAA |5 WA O IEL 169 ok 2000 Ajeksio] CD28] ek B A 8 T AZO) AL o
Al 40008 = Tregs& 54412 —’F ATt ot A= At oFAl=, 23t &% olstm ARET A§- Wl
FEFHoll gt =0 ¥hg-Ado] Uslem, Tregs S0|4] Tregsol] gt Pk 2o, LFA-13} ICAM-1 7He] A&
g g 3} of o (Treg-specific demethylation region, TSDR) 229 A A|A T A2 2413 slg S E g u) 7] (traffick-
= Yol 3AZ ) Ao A ) Tho] oA o] ZrEE ing) & A|5h= anti-LFA-12 @3]8 35}= Tregs?
& AFgelo] AZE Tregsd HEoHz QMAF TS 20140 WIS )9 SN A Tk CDAOZ BT F
off AJ&Fe o Fgolrt. AAAA 2] B Sh= Tregs W7l AAE AFA1717]
W&o, anti-CD40L-& Tregs?] 7|52 FAAIZA 4= 1o

5) 7|& HAAMMZ2| Tregsel ot I ™, FOXP39] Eal5 F7I5to] Tregs& =¢HYsHA o=
A AHEEAL Qe thFRE H[5o] Al M AAAE histone deacetylasesE A A|8}= 2FAl= Tregs®| /A&

o AR Tres] FAlolt Wl Ago] B0l B FHAD 5 AUtk E 128 FolFORH Treps &
U gE ARE Peivt Bk aenE HaKe Ml EOR FAXQ 4 9ok, (DS’ T Almet Jaisi
Z

AA ] AHL Tregs X792 A5 23 J3FS vz SE(NK cells) = 87 ?@ &k 4= 917] &0, anti-IL2E &F
o= ek Aol Addste] AP1at NF-«B 9 5+ 7| F-oi5ko] Tregsol] A e &2 IL-27} 218644 sh=
L Ao E7RRIS] WS AAISH= S dhe 2H 20| He A7) Ol-r°17<1 A tH(Table 1)(10).

Sl g 2U0 RN Trepsd| B4 2912 b5

Aol 9l vl A% ATHIERE 2}ehdl= calcineur- 3. IL-10+ 18 XA T MIZE[IL-10+ T regulatory type
in AA| A= Tregs®] 7|51 2o 2L FFS T+ 1 (Tr1) cells]

Aoz ey 9lt}d. Rapamycind mammalian target of ra- T2 18 248 T (TrD) Al2Es 55390 Eo|&Ql o
pamycin (MTOR) & AHEFo2s Sd 4 2 24 A 715S /T glom, 55 2FRAE o4 5 7
AAAIZ = A= thE A 2] B8l Tregsof thet < 2H(chimeric) ZHA}oljA] B l% el T8 AdEe Avtol
FZ Ao] 235]7 Tregs| Hl&S F7FsHA "otk ¢ U Alzolnt. B U4 Atoll A Trl A|2E7} o] 4] ¥
(purine) TS AARISte] T MESH B AlZS] Z4& 8 Qg FEskn SASHd o] f$ FaF G
Table 1. Impact of immunosuppressants on regulatory T cells

Drugs Impact on Tregs

Corticosteroid May support Tregs by reducing inflammation

Calcineurin inhibitors Detrimental to Tregs function and survival

Rapamycin Spare Tregs, thus increases proportion of Tregs

Mycophenolate mofetil Likely neutral

Antithymocyte globulin Deletes Tregs less efficiently, thus increase relative proportion of Tregs

Anti-CD25 Deletes Tregs

CTLA4-Ig Spares Tregs when used at subsaturating dose

Anti-LFA-1 Dramatically increases circulating Tregs proportion

Anti-CD40L Increases Tregs

Histone deacetylase inhibitors Improve homeostasis of Tregs

IL-2 or IL-2 complex Increases Tregs

Abbreviation: Tregs, regulatory T cells; CTLA4-Ig, Cytotoxic T lymphocyte-associated antigen 4 immunoglobulin fusion protein; LFA-1,
lymphocyte function-associated antigen-1; IL-2, Interleukin-2.
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04—7—‘”“%(26—28) Trl N2 31-5-2] o]
AIL-17)& AAEE, CD4%bet LAG-3
Sess 548 7 A0 AA UThR).
Trl MZe 13529 IL-10& EH]3t2 24 (myeloid)
2 W] M-S 2HATH0). 55
4 5ol Trl AlZ+= IL-109] &4 s}l in vitroo| A
" 4 UTkGD. &, IL-109] &4 stofl FF3Holl 9
sol T AIE7E BAsheE 2ol Bl Aukg Aol S
), oI5 7FH]A T Al oty =7](anergy)2fal H
. o]ZE A IL-100.2 (=% o}d| = 7](anergized) T A|3E
o= Trl A5 Z3star QIth(32). 2FmA| Lol u}
2elof| A o]g 3t IL-10 o} Z7](anergized) T A|=E
AL ul GVHDZE e AL wAstg o
o] 2 mA|sz0] A ARl 4T GvHD
Rl ‘Si% %O—? XH Zﬂ% 918l IL-10 o} 27| (anergized) A|
FT &

AlRolA, T Al
0] A1 (haplo-HSCT)
o] Fouot §A1E
Wetedct. A5
2 2 Bo| BN EES (D3} n2E B
Wz ol TN ER 1103 B 102 Fok A7) =
23 Yz HF2(mixed lymphocyte reaction)% E3)
IL-10-DLIZ AYAetg 1, ZERA|ELo]2] B Ao|x 3 &
10°9] geFo g gxjolA FoE|gict A&
2 23] % 419 B4 A At
HEb. 5 of A A g el chine
4717k0] g Bl AEE AL 5
19101}, GVHDE Z7haba] Slsfch, 4k o] 412 )
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ANAA AL A27F AE-EH} wE A FAAES
Fdgtths A Trl AZ7F S535H ZXHGWUP CD4+

CD25 Foxp3" Treg?] W= W3}x] ¢
QI5FHH34). o] A= Trl A|E q-lg_e_ﬂ'x]iﬂ 13 4}71
o4 Qo= Bz AR AgE 4 ek 7Hs A
AABEL glom, AA| 2 ONE $A-tof| A A%k o] A 2ka}
gaom s A7 At otk

4, 423 4AX4 ME(Tolerogeneic dendritic cells,
DCregs)
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the HollA Al
TH35). A7 o]/d o 91 ,—’FX] b A
B= AAsk=

o 1
2
32 50
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4 Mo m

ﬂi(antigen-presentmg cells) 4], XA} AL
[719] e Aelste] =84 T Al2zof A A}
Nom, A A2 A< Adefoll whet
o O A A mmnose-
nic dendritic cells) &= o]4] A7) HIAHRLL §E351=
TEO T XA H]:‘T&(tolerogemc dendritic cells, DCregs)
7} 8 % QIThG6). Dlregs F5014] B8 2718t
A= A BA A T RdoflA de] dAtE Sl
o w37, WY P2 fFrresh=t] o] 2A = 7HA] HeF
o] Ak 4= St} 1 A WA= AlTAF A AE S
FEFHORE AFH $8A A MEE o)A A &
SHz Holnl, 5 WAL A5 WA 9h& 428} DCregs
o4 4 Aol Folatiz oltt.
WA Aeko ., ATA §2 Dlregs HAAT A
o, B AR R Bl marA et 2 o
Rz AR, AEA A5 T SR W
&t P o] FEo] BAHSHEA] o2 FElE A
NZE FYsto] o4 719 AEES dAFsHAt= o
. o & £9o] Divito & o]4] 7d A
off AlFAF nldss T el Al2E Aoz Fofste] up
T2 A FFolA Y AEE] o] Frtsk e,
Haa= apdat gttt AEeo] vs et
AE Kol F ul Jrh(38). Aol A Al5AF DCregso
8o ot 7112 obd] EshA] ge,
A2} YL A H (direct) © & A A E1A] dlo] Tl %
2] o] ‘?_%3}% T N ZE ot 27| (anergy) & F=8FALt
3E(Tregs) o] S41& freshs Aoz Qe n
Utk 3HA|9h Divito 52 A%t 1ol 4] Al5-AF DCregs
2 2 FARA A} w=A e o] vl o 4
BAF A Alzol| o8 A e ARtk Ae B
o:] 0-1];].(38) o]‘— Xﬂ—-‘—X]— DCregSo] ]/\1 7(1—7] e
FAIA 7] =1 9lo] 3 A A A A (antigen-presenting cells)
7F obd &) oS Adst= NE22A 75 & 74
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ohE Kol & ub QIek(39). =X Ala2e] o
3}15}= g}A|(antigen-conjugated antibodies)of EZ3}

agtete] AR B 82 Ao FA171 =214 Al



AARE o4 719 HAHES st T AR
o[xqt, g ZHA| ©o] ZATIT). o] A &ol= o] &
*d 4 doll 7|SAZTE AxE FEke] Aok o

Aol Bash, 177] ool Al HAR} Aol Aol A
AEE g glem, o] Ao 7IeA sFF Y =E
2oz =271 AlZAbe|| tske] 7 H(sensitization) 0]
g z2AA 0 YA E 23}

AN
T g Ao, 2= whA] o 484} DCregse
A A R vkl AlS A A Al &
EEYUOR AT 584 2A4 ATE o4 U
Aol Folwliy) v, A4 WA e 484 DCregs
1419 o] Fol® 4 gk 3, 0]4] 19 At o4
o] Aoz Eoj% 2}7} DCregs [ #8382 GM-CSF
(granulocyte-macrophage colony stimulating factor) S &

sfol WE B #
of BpS-2 Aol 4] melo] A ARUSS folshA X

AZEo] BAE ) B3 A g WA A=} T
A A7 SR AE A2 WIS A5 90% 0|4
S gAoA] o] 417] BEAHA @A % QATHA0). 4T
W] R At A4 AT} 7| 5A So) o 4] Wedphg
Frieshks 710 o8 Aol A AAEIL . AR =
W W& Foje DCregse WA v Wz o]535to
A TFFES x5k APstal ol HaESl
ok 5 ®A = DCregso] EBI3 Ao E711 AHE F5Hq
CD4ACD8 T A|3ZojA HIz4d Z-go] Q= interferon
(IFN)-7 o] kg H4 k= Aoz defa Qlrh4l). Al
A, T Al FA41& AAsk=d B agtt HO-1o] e Erh
= 4 E3F DCregs®] HAME =5 A¥sh= 714 F9

shrh(42).
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o] FFA= N =3tz dto|nk ot [ A4
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© 23 glek. wok T Ao] |5t rapamycin, H]eka)
D3, dexamethasone©] ¢JAF2 © & DCregs®] E3}o] H3FS
Fohe 2 BIEYT3), A FHTLE 14 glo] A
% ©] GM-CSF&} gHA| wljofshdd oA 7152 Z2He +4)

F A2 £35 ST 4= Qlvke 2= W3t 5]"*“%(44)
vy AIZHRE L1034 oA wiedE A7, A28 FE
9] DCregs¢] AAE]=4| ©]& dendritic cell-100.2 F =2

O)«

o, o| AL in vitroo)| A type 1 Tregs?] E3}= gulzo=g
Exgchar A 9Jrh(45). DCregs | 29| & ThE $9
gk 7152 =Sl digh Aol fufshH, |4
Al 270l 71 2 - 59 st o4 ghatel A
FolEl o]5of A WellA Ad<s37t dojul= Aol o]
AE A AxZo) I 545 ¢l 238 18R
Th= 55 A9 vhgo] &43kd = 7] wzolt g4
o PLFE 4L LS 4% A4 MoDCE e §

T A2l dexamethasone, H|EFYI D3, cGMP grade TLR4 ago-
nist (monophosphoryl lipid A)o]] =&A|# A& 4 Q1-L890]
HI1 % 1th46).

sk, 712e] v|Sol=el Weloj ARl A4 A%
= chot 3 0 4 gl BEAT A2 A
(costimulatory pathwapy blocker)U} rapamycin& =] AF
A9 2H-gof =fo] HAR
& A2 SFFE AeE st T Al AAA = 4
A AEZE AR AAGFe =M pAF A2z 2] =] 7]
7h d 4= SloH36).

DCregsS QAIA 02 o] &3} Al HAX 7L 7hd
o Zgte] ojm] A-ZE 1 Qlrk A WA AFYE 14 AEA]
&& u] = w1 t8H(the University of Pittsburgh)oj| A A1
T Gt AP A A7F MoDCE Foigh d+-olm, oA
S ol e Aol AN Alzke Rargolut E4o) Ul
UA] FgkeH(47). e8] SulEAlE A AlZE RS
T8 24 B A Z2S 393 Ao oF#®l B20°CDI1c
B Al:o] W=} Sefzo] AE L Eak oA B
A SAE o2 sk F 719 14 ddAI>el A%
zj9lon, dlhl= A EEY FE E(citrullinated peptides)
2 2|9 NFkB 2ot H3 =24 H|ZE Eofdl= oL
7} Eolx AE I 9la, ThE s u]Ehyl Digh
dexamethasone & 2 x| 2|t A7} $=AA Al ZE Foj3=
A7} FaelA] AT UEHAS). FF o] F Erfz Al
gol A SAE tde s g R *1]55 A&7} ONE A+
2 S ojoid o Holch

calcineurin ZFA| = 424
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CHAIM| Z(Regulatory macrophage, Mregs)

Qo walTR e FEAY woERe] uket o
of Wz HEg AL 4 Urk o] HlEE
& A R4 A2, DC-10 AJ3E, rapamycin-
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S} R AF ﬂ:.E(rapamycm-condltloned dendritic cells),
&
MDSC), %3+

mal cell-conditioned monocytes) 2!

me e
'1>' l‘}l )

A A A 3 (myeloid-derived suppressor cells,
Z7|M|32-2 A3 T (mesenchymal stro-
Z A YA A Z(regula-
tory macrophage) =©°] th
23 ) A A 3Z(regulatory macrophage, Mregs)= | A|
WSl ol 4 2l T A 39 iz 75
9l
= sope Aol ZelsA T AZE o
o4 Welpg-E skt glof A4
FeEl 4 Qe S 23 QUTHa9). Q)
2= A 4] Al 3E(suppressor mac-
rophage) 2] 43t o], lipopolysaccharideo 2]aF &
sl Hlw A E5/de 7HIH Hx E9 ‘:HSHFLEHH

3 25 2~8X10° —4 Mregsﬁ E/‘J’éH ‘é - Mlﬂr. l% kg
F 25~7.5X100709] Al S7F 8 o] o)A
B4 ARO|E F3) A8F 4 9t o] Bk
21520) 5 ApolA] 5 we] AR 715A Alela] 24
7} olo e Bao] Mregs© 2 2|2 WIFTHS0). o] Q4
AgelAE 7154 Wz dol dEyEE FE)
M-CSF (macrophage colony stimulating factor)2} human
AB serumi} 3HA| 64 &<t vjFstaL, o]9- 25 ng/mLo| A
Z%3%F human IFN-y 2 1Y %9t A=A A Mregs2 A z+H5}H
k. o]97) AZH Mregs 414H0] 4] 422 6~72 Z*Oﬂ
sxtoll Al A= ULk Aoz, o]4] F 3dHof =
A} B 4 859 tacrolimus GU QO & ‘:‘40—“1‘21?‘1]7\1]
2 oA Fob wowA egael A7lES fA5k 9l
So] FRAFYT. EF FOEAE F BA BE A|7ko|
Aol weh wx WololA WS §4 EA47H Wl
g3} P B4R vhA Helrk 84 Selolq A
A 7157 Alolsle] oFE SIS YAOR ke T 2.5~
7.5X10°719] 7124} Mregs& A1AF o] 21522 6~72 A oj
Hul oz Folste] H71sHe ONE AT Mrogs 9AHAIHo]
A E| 5 9lek. o] Qo)A Aol 4] B Mregs &

o] ¥ A o]|2]o| & prednisolone, mycophenolate mofetil
4 tacrolimusE 7|FtO 2 3li= HAAA| A &S Zo] BE&
3k Qlth
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AHAE7|M E(Mesenchymal stromal cells, MSCs)
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stromal cells, MSCs) 7} 2+34-& dk31 S{l (52). MSCs:= #]
WA, ZA2, AEAE sz 23 4 e Ay
& 744 epEeks Ao,
ATAERA ] B o] 9o w MSCs= mIp/| T A
o 2417} 945} U 7152 elAlsHs 715 aehs o]
7] Ao A FYE TH53,54). MSCs7} 33 ool A
Zr= o]gjet oA ZH8-2 major histocompatibility complex
(MHC)o] ]38} AlgH2lo] 2] orom, naive T A28} F1}7]
1719 CDA™ 52 CD8' T Al 5 tdo R oA 24
o) tehts A0 ghef sleh T MSCsi Tresel
HE §Estal, CDA' T A28 24 7|52 714 233
oR §EsH 71%S shl, DM AFHET A4 A
Balsto] Thl WHS-S G512 28] Aekshs o
% stc}. TGE 8, PGE2, NO, IL-10, IDO, HLAG-5 £
220] MSCs7F T A 7152 o485 sk o AAI=
A E T 9]0, MSCs= IL-6, M-CSF, PGE2, IL-102 A}
Sato] FUAAMELE H451E eAekA HOKSS). Al
A HeolA, MSCs= A =4 FUHRAA A7kl
(growth-regulated-oncogene chemokines)2] EH|E E3f
GE-9-2 4224 Al Z(monocyte-derived dendritic cells)
7} MDSCS} ARG BT S 2AE fEsts des 3
th(56). MSCs2 A=3 Td3te 1xr o] [L-102 HH|3}t
A =1, o]= A E7}el(chemokines) CCL182] HErH|E &
3o Tregs AJAHS 7517 SH, 3k CD8™ T A ZE Al
/o] gle 3 ?iﬁéﬁi HHLA| FHEH(ST). MSCs&} o 4]
AlZ Afo]o] AT ZRgof olst= 834 &2 (soluble
mediator) 2 A|A] %= A S Z tumor necrosis factor-stimu-
lated gene 6 protein (TSG-6)0] QJ o™, o]= FFUA A A Z
7} B fEHoR WaEEE AL 9us gt
S, MSCsel] tjat 8 FHAo] Wejol/ gz 54

n et H:l
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AALE mTOR e|AA|e] Welzd 2h6-& Walsta, v
=2 calcineurin @A A], mTOR 2 A| A, mycophenolate mo-
fetila} ATGE MSCse] 288 Whalfat 4 glgo] s3]
thH60).

2) F7HUEI|ME(MSCs) xRS QI3 7|1&2

NSCHE G402 83| HSIHE o AEZE 4
sha] Helgt 4 qlojof shlolg 9la] 24 Mz 2ot
3](the International Society for Cellular Therapy, ISCT) ]|
A MSCsE g4 oz AOloh= 7S that 2ol Al
erahaich A WA, =2 wjef EetkA(flask) S AHE-SHO]
3 v 20S FABHE A MSCesi= HEEA] SefiE
214 (plastic-adherent) o] o] oF ghe}. = WA, A LA
H(flow cytometry)o] 2|5l ZA39S wf 95% ©]A}e]
MSCs Agt& "= A] CD105, CD73 9 CD90-S & 3jof
gheh o]9} Hith =, MSCsi= 2% o|5l9] 4/ SH&= CD4S,
CD34, CD14 &2 CD11b, CD79a &2 CDI19, “18]31 HLA
class 1= E&S}A] oFotof 3t A HA| 2, EF in vitro
B3l xAoA MSCse= ZZAf|E(osteoblasts), A]HFA|Z
(adipocytes) X &= H AJ| 3 (chondroblasts) 2 E3}8F 4= Q)
ojof BFELR, 0|9} ZH2 in vitro A|3E |2 B HAo|

olaj ¢l 7h=sjoF 3tcH61).
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TE3E, ISCTo| A A|QFet MSCso] sk E4 H7} 7]
=2 A 2 o33 Zrh AA, 100 TU/mL (10
ng/mL) 2] IEN- 7 9} 15 ng/mL2] TNF-a 2 A 7}3he] 404]
ZF b wjopshel BAakE MSCsE 92 4 9lek B,
MSeE  QIzholAl FolE ARl ofus m
(banking) A o|x ZAE Az PAES HAFHAFZ
(immunophenotypic) & & BX 3= Zlo] H}g2l5}
A, AAE 8-SA|Z(purified responders)ES  Al-8-5}o]
MSCse] ofA] - BobsHE o] Wasich 1 &4
X &l (indirect negative selection)2 =3 95% o|Ate] 1%
2 HAE AES AL 5 Qov), 27 sl FoE o
7] 9Igr Qi o R Mt v gL MSCsol T AlZe] H&
o] 1:5~100]t}. 3R MSCs7} B A 3£ -2 2} AHS| Al
Z(NK cells)o} 37 WjOFRITHA 151 B2 1559 u]go] o
Xz = Aotk YA, in vitro 37} E4(licensing assay) 2]
d3slo g A|gE= IDO (indoleamine 2,3-dioxygenase) Bk

71 whEA] T Elojof Tt wejolRle] BAh AR
ol A, 17} uho-A MSCs= mTOR E2E Z& o
Fehiz ol A A0 HlSal Al 917k MSCsiz 5
IDOZ AH45}71% A58}, oF$-2 Mo pejol4]
of lo] AeA o 2 iINOS (inducible nitric oxide synthase)
°W°] AUtk A, o]Fol4] FE B

=5 422 94 Alds dske L

2= ofof Ttk oAlA, ARLE
MSCsE o3t o] %, - 1 3le} MSCof tigh W&
AgFH oz 7FAE= Ao FQFIcH62).
3) FUBE7IMEMSCs) LAY HY

MSCsi= HA| 2= A 2t S24150] Q7] diZol Al
AEx]Fo golstrt. ghd, MHCo]| o]&& o] of7] wji
o Y H|Eo|F o7 2R3 4= Qitt HoA] ThE A Z
AzHo) offo] EA|l, A3AREE W= MSCE Y%
sto] Estehe o s Hop &4 dHHer A8
3 4= Qth= AHojA @38 AR o] ¥7|% 3ttt MSCs7f
VLS ST 1Y o] AHY w

o= 3 MSCsE o]-&-3F A2 HH X

FP

d} Qlth(Table 2).

Vanikar S-& A 7|22} AlAFo|AlL vk 1009 9] 3}
AL AA 7152k gk ANEeAE =S HHo = 7]
232} Eo] Az 2|87 MSCs (adipose tissue-MSCs, AT-
MSC)E AR&-EE BI 2] QA ES A HA = W5Eskel

AN
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Table 2. Clinical application of mesenchymal stromal cells for living donor kidney transplantation

Patient number

Time & route

Author (MSCs vs. (m};gth) TI}\//?SEC?T 9f MSC Immunosuppression Efficacy Safety
control) infusion
Vanikar AV (65), 606 vs. 310 (not 48 Donor, AT D3, IV DST/HST/TBI/RT IS minimization (CNI None
Gujarat, India randomized) X/ATG/CyP/IV ~ withdrawal after 6
IG/CS/CNI/ months), reduced AR
MMF (AZA)
Peng Y (66), Gu- 6 vs. 6 12 Donor, BM, DO (IA), D30 CyP/CS/CNI/MMF Reduced maintenance None
angzhou, China  (randomized) 2~5%10° (Iv) CNI dose
Kim SJ (67), 7 12 Donor, BM, DO, 10 ATG/CS/ICNI/MMF  Increased Tregs and IL- 3/6 AR
Seoul, Korea 1X 106/kg 10, in vitro donor-spe-
cific hyporesponsiveness
Perico N (68), 2 12 Auto, BM, D7, IV (D-1, IV) ATG/anti-CD25, Treg inhibition of me- Cr 1
Italy 2.0x10%kg CS/CsA/MMF mory T cells, In 1~2 week
in vitro donor-
hyporesponsiveness
Tan J (69), 102 vs. 51 12 Auto, BM, DO & D14, IV CS/CNI/MMF Reduced maintenance CNI  None
Fuzhou, China  (randomized) 1.2%x10%kg MSCI: standard CNI  dose, early graft fun-
MSC2: low CNI ction (1 month eGFR),
Anti-CD25: reduced AR (6 mon-
standard ths), reduced infection
Reinders ME (70), 6 (Treatment for 5 Auto, BM, 6 months, IV ATG/CS/CNI/MMF, Reduced tubulitis, and IF/ BKV, CMV
Netherlands AR/IFTA) 1~2X 106/kg MSC: 2 doses with  TA, in vitro donor-

1 week apart hyporesponsiveness

Abbreviations: aCD20, anti-CD20 antibody (Rituximab); aCD235, anti-CD25 antibody (Basiliximab); AE, adverse event; AT, adipose tissue;
AZA, azathioprine; BM, bone marrow; CNI, calcineurin inhibitor(s); CyP, cyclophosphamide; DST, donor specific leukocyte transfusion;
FU, follow-up; HSC, hematopoietic stem cells; 1A, intraarterial; IF/TA, interstitial fibrosis/tubular atrophy; IO, intraosseous; IL, interleukin;
IP, intraportal; IS, immunosuppression; IV, intravenous; LDKT, living donor kidney transplant; MMF, mycophenolate mofetil; MSC,

mesenchymal stromal (stem) cell; RATG, rabbit anti-thymoglobulin.

tH(63). A}l A= 7]FA o] WE 423 (donor-spe-
cific leukocyte transfusion), anti-CD20 3&}&|(Rituximab),
ATG, 7|52 24 2ERAE, A4l HAF] 2 A}, methyl-
prednisone, calcineurin 2} A A, prednisone, azathioprine =
o] MO AAS A1§BH, AT-MSCE Fofatgich. uhwl
100ge] R Ze HelelgAS ALgs
AT-MSC= Fo] 2] ofgieh. Axpr o g 187]4 9] 54
T 713t Foll AT-MSCE Fof Wk FLof|A] gF4H o)A

24

JolAAE AgTlE A4l
erism) $EE FAT 4 e o] ek AL A
A 715A A4 SRS Ao 4de] BATIS
Zre SRS AAAHOIA HE AT AE Rl 3
glom, o] Aol AL 7120] 34 WolAA S Fol w
31099 22T 7154 Bo] AT-MSCE Fof whs
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N

b pe) MCse] oPgAITH g ek Al ¢
AAEE 5k 2 E A& cyclophosphamide2t
steroid 9= 2% 2 mycophenolate?} prednisone?] G4
HAAAAE E83142H, tacrolimus= RO A=
71%& 8-2F(0.07~0.08 mg/kg/day; n=6)2 Fof €S dHby
o, AFFol| A A-&0.04~0.05 mg/kg/day; n=6)<
Fof wholeh Ao 5X10°9] 7] 52 Z4=h-2 MSCs
7 A Aol o] 4] AlsWof == QUAL, g $of] ke
2x10°9] MSCs7} AW o 2 Eolx| ey Ao o
4 T 1de] B 717 So AR EolA HH o]4] 4l
7155 FA8k% AL, CD27" Wx 7]19] B A E(peripheral
memory B cells) 7} Z718l= A& Ho] F=9TH65).

Lee 5-& 790) HLA 2% 4R 71573 414o]4] 2
A4S Ao 7154 Bofe MSCsE Bkt o
IREL ATG Y calcineurin 9} A|A], mycophenolate2}
steroidE 7|HFO. & Sl= 7|E2] MY AAAE Fof WSk

o, kg 1X10°7]9] 7134 Z4-F-2) MSCsE Algo] 4]
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Sds Aol I HEAI] e E& A Yo7 FQ Wk calcineurin 2} A A]], mycophenolate mofetil, prednisone ©. =
ket A o=, 7]u| 2] E(chimerism) o] WA= 2] oFok HAAAA S Fof {ekar, ghtol EV\ oAaw oA =
ol EtetaL, 7|54 5ol ’Z4 9 fAREESAA gt 3714 FQt Fof Wit o4 o/ EA TREE =
of ©1% T AlZ B0l AAEL Aol 290 BAelAN  ArAIA FH AEA ARUS B FTA S
wEEon, B3 7|54 o] JEH &2 T Al 54 Aol Al AW O R ke 10°7]9] 292 MSCsS 15
3} Treg-priming H¥h-g-0] R SExpofAA A= QU o) HASE 22 Fofshlal, thE WY AAIAl= HHtA|
Ak 3 o] FAbs Aol ZHE F4 AT AR golth ARHoR ARukgo] el 21] Ak MSCs
o= AYstAed, AH=Eol= FZAaH(steroid pulse A& o] ol Alggt A HALA IF/TA §lo] A=yt
therapy) 2 2F XA tH66). (tubulitis) o] AFFAH-SL 3Heldh 4= 919ith A4t BK v}
Perico '5-& A1 Q1o 4 2e] Al 7157 Agol4 olel AIE 1617k MSCe& Felgt 215 ol ol whast
S OB sfglom, BAES At Bage MG 93, ATAIE Hlo]2ACMV) gHedo] MSCs 9] 25 &
2 ol4] ¥ 7 A ARUOE o] WT, BASS bas- o AT B2ge] BAMo] AN F A4S BT
liximaby} #-&5F0] ATGE fr=o¥o=m Fof vl HAAAA 7 glo] a2 =] Arh69).
cyclosporin¥} mycophenolate mofetil2 2| H oA %] o|Qlofl e, A 113 A7) A MSCse] R3S H7lst=
22 itk 71 AT WA Treese] vl&o] obxi= Ao]  thie] A Fo] ClinicalTrials.gove] S250] 215)5]
PAET, 7)o CD8 T AE S40] olAlE Wut 3L gleh Fol Ak Aaol4] BAE diton $Eay
oYz}t 7= Ar|of i3t CD8' T A|EZ2] A E FolE9 2 JA5tA Y & chronic allograft nephropathyS 2| &

o}, BhA| g ATt 2olE WA & = s A4 nE ¥ g HHo g MSCsE Fojshs A5 AT o Ao,

s

% creatinineo] AR JL5E00, ofo] o]4] A 22 olg o}, B, W0, nl= Fo| et Aol 4,
AAE ARSI 2AARNE Radom BRTe]  sjolAl, Tlo]4] BAEE thako.R MSCsr) Telggo bl
Ae3 wA C30) ko] WAFoL AR 0] 7 Ax FTS Woisks AAAHo] S alFolth0).
= AAHOD).
o]%-of] Tan 52 1597 9] Ao &AL thid o= H] 4 =2
WA FFE7E 2 AFFA] FALAY QA AFE T
Shoith @A A AFA AlolA 2AE e w5 H| 502l "o oAAe] A7|x] w2 Qs Tyt of
AL, MSCsE 3= Al WYX R E basiliximab §-&= AQEoF & oy Hzgo] 7|1 WA S r Evls
S(f2w)S tiAilste] AJdisto] o]ef H]wstiit) s, oA S Z E85HA] e AF WIARNRE R A
= =7 5SS ¥ofxl 60~80 mLo| EolE A 7] A o] AstE e 5 o wAdEe] dEEL ok
2|slo] A %8}% L, ke 1~2X10°0] o & o2 A% ojof thet thete® S0l M A-go] Sl
AT AR 2 o] = 14dRfof] SRt A T = AT o8 NZA 752 BSC]Z el "AAAA ey Y
o] f calcineurin JA A= 7% & 2 A&Fe= o g ol 7] e =N ool FA8S Y 4= 3l
Atg Uro] Foshglal, tizdoA s V& §de= L, volrt 7o) A 8] 7] A el 7o 4= QL
FoI5tqith. A2 o' MSCs 2| &+= basiliximab =8 = Aoz 7| Ee: A4 553 5olFQl JAls= K
Wi} Blasto] o] 4 2 67l Aol G4 Al ARRE o]+ Foxp3+ Tregs A|32 2|28}, A2 At 3¢-HA =
0] B AA yebgen, =3t 139] =43z 717 ¢t MHC®} #HA| glo] AR 4= QL FRAA AR S}l
MSCs& 2] &’ Hojl 4] izt vlaste] 7]3] 24 9] do] o= MSCs 2|27} 718 &ds] A/dAld FolH,
AAE= FoshAl B AL, Al 716 E3 o e 4 1 9Jo| = IL-10" Trl M|, DCregs, Mregs | & 50| A=
S H o= ]IH68). Ha Qe FF AZARY S/ 2 o] A =
Reinders 5 A7} &2 MSCs& ARE-sto] 573 Al e Aol

ZA ARERST 7HA A 68 W A et ]S (interstitial
fibrosis and tubular atrophy, IF/TA)o] UERd 61 9] 34}
2 A2g BHo2 Folshyrt o] IAEL HLA g
=UA A ATA Aol Ao, basiliximab,
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