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Design and Creation of Cytomedicine for Application to Cell Therapy
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—Reviews—

Cells, which are the basic unit of life, are the most intelligent particles on earth. Recent advances in life science
research encourage the development of cell therapy utilizing specialized functions of highly differentiated cells, the self-
renewal and differentiation abilities of stem cells, and signal networks among various types of cells. Although cell ther-
apy including ex vivo gene therapy, cellular immunotherapy, and regenerative therapy is expected to become the next

generation of medical care for intractable disorders, the establishment of technology to prepare cells as medical supplies,
namely, cytomedicine, is essential for the assurance of efficacy and safety in cell therapy. This review introduces our ap-
proach to the design and creation of cytomedicine for application to cell therapy against diabetes mellitus and cancer.
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Fig. 1. A Conceptual Representation of Microencapsulation-based Cytomedicine to Apply DDS—function of Cells to Cell Therapy
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Fig. 2. Preparation Procedures (A) and Structure (B-D) of
APA Microcapsules

(A): 1) Cell suspension with 1.8 (w/v) % sodium alginate/saline was ex-
truded through a 22-gauge needle with an air jet into 100 mm CacCl, solution
to form calcium alginate gel microbeads. 2) The microbeads were immersed
into 0.1(w/v) % poly (L) lysine/saline for 10 min to cross-link the negatively
charged their surface with polycations. 3) After washed with saline, the
microbeads were suspended in 0.03(w/v) % sodium alginate/saline for 4
min. 4) and 5) To create a thicker membrane, the microbeads were
resuspended in 0.1(w/v) % poly (L) lysine/saline followed by 0.03 (w/v) %
sodium alginate/saline using the same protocol as described above. 6) After
washing, the microbeads were suspended in 55 mm sodium citrate for 5 min,
then thoroughly washed with saline to remove excess citrate and liquefied al-
ginate. (B): Empty APA microcapsules were photographed under phase
contrast microscope. The diameter of the APA microcapsules was 400—600
um. (C): A scanning electron microscopic image of the APA membrane sec-
tion. Midpoint between two arrowheads shows thickness of APA membrane.
(D): APA microcapsules under a scanning electron microscope revealed a
smooth surface.
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Fig. 3. Glucose-stimulated Insulin Secretion from MING6 Cells
and APA-MING In vitro
MING cells (O) or APA-MING6 (@) were incubated for 2 h in Krebs-
Ringer bicarbonate buffer containing glucose at various concentrations. Su-
pernatants were collected and measured for insulin by ELISA. A gray range
in the panel expresses physiological blood glucose level.
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Fig. 4. Blood Glucose Level of Diabetic Mice Injected with
APA-MIN6
APA-MING containing 5 105 MING6 cells (H-2") was intraperitoneally
injected into BALB/c mice (H-2¢) with streptozotocin-induced diabetes.
Blood glucose levels of normal () and diabetic mice (O), and of diabetic
mice injected with APA-MIN6 (@) were measured by Glucose CII Test
WAKO.
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Fig. 5. A Schematic Representation of Roles of DCs for Induction of T Cell-dependent Tumor Immunity

Apoptotic or necrotic tumor cells containing TAAs are captured by immature DCs in tumor tissue and processed to form MHC-antigenic peptide complexes.
As a consequence of antigen deposition and inflammation, DCs begin to mature, expressing large amounts of MHC-peptide complexes on their surface. Additional-
ly, they up-regulate costimulatory molecules and migrate to regional lymph node where they prime and activate antigen-specific T cells. Clonally expanded CTLs dis-
tribute to peripheral tissues through lymph vessels and blood, and eliminate tumor cells by perforin-granzyme dependent manner or Fas-FasL death signaling path-
way in tumor tissue. DC-based cancer immunotherapy is aimed for amplification of these serial immune reactions by administration of TAA-delivered DCs.
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Fig. 6. A Schematic Representation of RGD Fiber-mutant Adenovirus (AdRGD) Vector
ITR: inverted terminal repeat, Prom: promoter, P (A): polyadenylation signal.
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1, tyrosinase, TRP 72 EM A T J —< B EHIE
(MAA) L TZINETRREAEINTNVNS, XU
AKUPE R AT ) =< THEMICEEIFETEL Thb
gpl00 1%, FBWHREFREZEITLIENn6E MEX

(Non-treatment)

3 0.1%

£

3

c

]

(8]

EGFP
(Ad-EGFP) (AdRGD-EGFP)

(25 MOI) 10.3% 90.2%
(50 MOI) 15.3% 93.1%

Fig. 7. EGFP Expression in Murine DCs Transduced with
EGFP cDNA by AdRGD or Conventional Ad Vector
DCs were transfected for 2 h with Ad-EGFP or AARGD-EGFP at 25 or
50 MOI. Two days later, EGFP expression in cells was evaluated by flow
cytometric analysis. The % value expresses % of EGFP-positive DCs.

KLU ERNGEEECB T 2 EEAEN ST &
EZ5NTHBO, MHC class I 0 F FIZiE RS N3
gpl00 X7 F K& FH W B RE DS 1/ 0 AHER
IRABBEEICRHABN TS, £/, gpl00 250D
7= MAA % RERY &9 2 08 G 8 5 15 OD il B PR AR 1T
1, EFEAEDE M MAA homolog ZFIH L TW
HITABI6 AT ) —EFINELHNWSNT
W5,

ZIT, DCANOEETHANRIIBT S
AdRGD X7 % —DEAL D, TAA ZEMEL
DC & ik DA NN BT R E N5 DI DN
THELZ. £9, AARGD NZ % — |2 & Dbl
BT 28 ALz DC DR FEREZ in vitro F53&
RTHAELEEZA, THRIZHT 2 PURIEREE
OB FEFIAE & BICHERB Ad X7 & — 2@ H L /-
DC LB L TRIRICHESIN TS Z &AL
fz. 21222930 3k iz ADRGD N7 & — & % WIEHEkK
B AdXRZH—I2XD gplO0 &z TZ2EALMDC
(AdRGD-gp100/DC J2 T} Ad-gpl00/DC) %<7
2T F oL, TOHRBEREMRL /- BI6BL6
AT )= T 2SI R % i U7z (Fig.
8).30 3> b —J)V X745 —T&d% AJRGD-Null
Z#M L7~ DC (AdRGD-Null/DC) Z#5L 7=~

3000
- ®- AdRGD-gp100/DCs
-O- Ad-gp100/DCs
2000 -+ 4 AdRGD-Null/DCs
€I} PBS

Tumor volume (mm?3)

0 7 14 21
Days after tumor challenge

Fig. 8. Vaccine Efficacy of DCs Transduced with gp100
cDNA by AdRGD or Conventional Ad Vector against
B16BL6 Melanoma Challenge

AdRGD-gp100/DCs, Ad-gp100/DCs, and AdRGD-Null/DCs were

prepared using corresponding vectors at 50 MOI. C57BL/6 mice were im-

munized by intradermal injection of transduced DCs into the right flank at

106 cells, and then 2X10° B16BL6 melanoma cells were inoculated into the

mouse left flank after 1 week post-vaccination. The size of tumors was as-

sessed using microcalipers three times per week, and the tumor volume was
calculated by the following formula: (tumor volume; mm?) = (major axis;

mm) X (minor axis; mm)?2X0.5236.
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7 A Tl, vehicle $¢ 58 & b U T 5 5 5l 401
RIFE<ED S N> ), Ad-gpl00/DC
BRITHB W T S e S Bl OB EVEIE S N
7z. & 512 AARGD-gpl00/DC #% 5B Ti, Wi
HEfE L 7= B16BL6 Jifij5 DG 2 X D 58 ITHIHI L,
6 fiivh 4 B THEG OSE RIEMER SN, E,
AdRGD-gp100/DC & % \ 1% Ad-gp100/DC ¢ 5.1
&£ % BI6BL6 filifn Ml Rz ki L7z & 2 5,
7 F 7o ka—)b (DC# 5 1 H#K%IC
B16BL6 ffifil & B & IRNTE 5) KOWE#E 7O~ a—
)l (B16BLG6 ifffifi 2 B &Ik N 512, DC % 3 [Al#%
) onwFhizBnTH AdRGD-gpl00/DC # 5
BEC XD BHE TSI AS iR DD 2 0D 72,30 Z
NS OFEESRICEGT5%ET Y =745 —Hilg
1, in vivo depletion assay D#fERMN S CD8T Hifig
THHZENHSMERD, T 51T AJRGD-gpl00
/DC =TI F G LT XM,
Ad-gpl100/DC # 5 X D B & BI6BL6 H 2 A5
B I N2 EMS, AJRGD-gpl00/DC
RN X < IR E A 7 MRS 1 T Ml (CTL)
OIEVA NICHEIEZFEL 22 ENEIFESI N
7":. 30)

NS DFERIE, ARGDXIZ Y —2ZIRHL /=
TAA BEZTFEADC 77 F > ORIMA, ZNET
DC 239 2K\ TAA BAZNRIZ K > THIE SN
TW/z DC EREEEIE DA R 2 REBHIC K ETE
H5ZLERTHDTHS. £/, AIRGD R & —
AT LI DCADHIFEBEETTUNY —DHES
9, WROBLETEAETIRNEE I NTEMEL
DHREEM = HIY & BT WA DC Oz
ARE LT B 3 Lo T, AARGDRXJ ¥ —%
Wiz DC NORMIZBLETEALL, BRI
IR DC IV F 2 aiget - AT R 00T L —2
ZIN—MWB TR 0ES EMEIN .

4. SEMROEAENRESIEZ K & T 2 MK
*

MR E DB R R O R 22 - M T 57
WITIE, AERITEG U 7o M S5 OV e
Al &> THEMzES N MazE TRERERZ, &%
BIRGIC, BEIRE) £ETE % “Cell Delivery
System” & B F D NEF IR - FIEIROMESLN
wEEINS (Fig.9). LML, EREHBRT 2
£ 60 JLME DML DOFRF 2 - > B8 - 04 - BLo

L% T B I I AT A M RIT W EEZ
L <, Cell Delivery System D EENLEREH TE 3
FBEEHAE B HNSR SNTns, BikHET
Cell Delivery System O iz A2 & ® F) HME D 5
WEMBRIL, YEHA T ENA L ET Y —
HEIZH DW= L D BT\ Dl - 12 il 1
WHETHAS.

TENA I 8—14kDa FEE D HM - AN
HEGMESWSY NI HETH O, Ha OIS
T EHFAL TRIERIER Y > INERD B — 32 > 7 % il
HLTWD. W HAIE, ERTEPSOFEEDO T EH
ACREEINTRY, ZNLRREINZ4D0
PATA CEBEDI B N KD 2HD L A F1 >
DfLENS CrEHNA >, CCHrEHNA >, CXC
TEHAY, ROCX3CTENA>DA4DDYT
TWN—TWZHEINDA—=)N—=T 7 IU—2BkL
TWB. ¥ F2, IXRTOTENAM T T HEER
GHINIEREML TS5 -2 LU TERL,
FEIN TS0 FHOTENA > LTS —
HBA—N—=T 7 I —ZBEL T3, 330 £
A N3EY), HFHPERSHERREEESE ST M AA
CO—FEELUTRAEIN, EICKETORINME
INTEL., INSREETENAITHLUT,
1990 FRBEXD, NMFA 2 THRT AV A%
BiffiL TEST F— 4 R—2AZMET D ENDFik
WCEOTH LW ENA R L EFRAIN, U
INER DC 72 EZIEMIIL & S5 RBERTEI 1 >
OFENRHS M ERS 2. ZHICXk-> T, FEHi
DAERNT OB RITE D Hl RS 12 B9 2 B
BUHICHERT R EEDIT, TENA-TENAL
Lt 7%y —@## R 52 &Ik > THRIEMED
TRKINEHRE - RN 2 i U152 31 72 70 e i ik
DORFBIZEHMNONTE .

AR D@D AARGD X7 % —iZ & % DC # 5T
&ML, DC ANDOFHERD LW TAA BT U N
J—13b &k D, DCITHRED T aEFIFE I &5
ZETINETIZRWEERNZEDC TV F > (iRt
BED) ORI EEDOEIENFTETGEET S, 20
A2t T MEDWTEESIE, TEHA VEBET
HEZNITENA LTI BT EERL
AARGD RV & —%#IafHTHZ EITL D, AEKITH
E42DCUIFHEKUIDC YUY FUITRNET
LHETT 77 —HOAENEREZBREEL, XD
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SRS B R TR OB ERIESE D &
WOTMEHD Y A5 1 7 &2EEKL TnD, 23738 20
—fELT, CCrENAL>LETH—7 (CCRT)
BIRTEEAT DI ETY 2 HIEmIE 28R U
7= DC O F ORI EZDBBEREIIBITSHE
Mz T 5.

4-1. 1) > NHABHERMEDC T F L DKET - Bl
& RIS LEDC U F UL, BEHM
SATEY 2NN IT TS5 2 EICEk > THIDTT
MR OFURFER « BAE 21TV — 3 O F ] 52 %
EEETS. Iabb, BEICEKSLEHIESA
DC O >\ ERE MDY, DC @ik DR ER)
BEHEITHERDOIDELTEZALNS. LML
BIED DC @ik T, HGEAN 5 Y 2\
WBITIRS-DDRERDC T4 ar
WKOWTHohBatnmInTtuninizy, &5
DCOUZF>DHBY 2 )NHEBICERT2HDIED
TMOI—IBREEINTWVNDS ¥4 Lo
T, HKICHET 2 DCIzEW Y 2Nk TREZ
MFET2ZENTEIUL, U2 /NEBRICBUT 2 0%
I7 7% —MBOMEMELZ RS 5 Z EATATRET

““Cell Delivery System’’ Based on Manipulation of Cell-trafficking and Biodistribution in Cell Therapy

HY, DWTIL DC RIERE XD A RO FREER) 72K
BV DL ZEMHIFEFETNS. Gunn 51, CC
TENA U R 21 (CCL2D)  DRBI/REN
H % plt/plt X7 ZATHBWNWT, DC D 2KV /)N
BANDEENHEINSDZEZ2RELZ.P £/2
Forster 5%, CCR7 /w27 7 T RXYTAIZHNT
HEEKIZ, DC D 2K > )NHLRE A D 28 fH E AV
IHZEERELTND. D INS5DHFEICES T
BAETIE, RIS TDCICHBFEINS
CCR7 &, U Z/NHAES U 2 NE D S Y IZ PE
A IS N TWS CCL21 & DEREAY, DC DR
REHLRR N B V) 2 )R O E NI BV THIL
BEERETEVDI OO ANELN TN
5., LEN->T, PiEEAL EBHIT CCRT & 147
WCHBESE/ZDCIE, HRICHRE L OB ITHEMRY
WU 2SHLEEAN EBAT L TRIER ER K <IEML
TELZENMLSFHIN, T U SRR
EDC” EHEIREHZRTIF L OAIBFEE
L TDCAD CCRT ETEBANETSNDS (Fig.
10).32)

9, HM/-ITHESEL 7~ AARGD-CCR7 2T
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Fig. 10. A Conceptual Representation of ‘‘Lymphoid Tissue-directivity DC’’ Vaccine Created by CCR7 Gene-transduction

The migration of DCs from administration site to lymph node is critical for the priming of T cells in DC-based immunotherapy. However, poorly migratory
capacity of antigen-delivered DCs limits the induction of potent immune response (A). On the other hand, DCs transduced efficiently with CCR7 gene may ade-
quately respond to CCL21, which is constitutively released from lymphoid tissue, and acquire highly migratory capacity to lymph node (B). Consequently, antigen-
delivered DCs with CCR7-transduction can enhance the initiation and amplification of T cell-dependent immune response.

BEERTFEALLEY Y X EHEKDC (CCR7/DC)
2BV 5 CCR7 %8l L X)L %2 RT-PCR & U flow
cytometry IZ K U i@t L7z #5 58, X275 —HEKE
fJ1Z CCR7 mRNA OFEBIIHE ML, 50 MOI O
Ye /74t T ARGD-CCR?7 %3 i L 7z BRIZ 13 90 % LA
o DC THIfld R IZEE 72 CCRT % > /)N 7 FE 5
DEER I N /=, E7=, invitro chemotaxis assay 125
T CCR7/DC 13 CCL21 (CCRTD UK > K) @
BEIIKE L EEREO ERZRLIZZEND,
AdRGD-CCR7 Z W/ Bin FE AT XK > THiA
B EICHBI L= CCRT # > )\N71%, CCL21 BJE %

AL T DC T ERNE % 15 A B Ak O EYE 1% %
RELETENA LTS —THHZEHHHAL
7= (Fig. 11(A)). 512, EGFP k5> A¥ =
W IR AHFKD DC 5B L = CCR7/DC %
BT ZORIEE R NICEEG L, 48 Ff##ZIC
BT 2EY >NE (REEY >N ~NOEFREN:
% flow cytometry f#tt THaf L7z & 2%, CCR7/
Dc&ﬁﬁfizybu—ch%&ﬁbtﬁ&%
LT 515 fEmWny 2 NEiND DC E£/RENER

N7 (Fig. 11(B)). ZHh 5 DHERIL, AJRGD ¥
AT LERALEDCADTENA LY Ty —iH
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Fig. 11. In vitro Chemotaxis (A) and Ir vivo Migration (B) of CCR7/DCs

(A): In vitro chemotaxis assay was performed by a Chemotaxicell-24 installed on 24-well culture plate. CCL21 solution was added in the lower compartment at
the indicated concentration, and CCR7/DCs transduced with AARGD—CCR?7 at 50 MOI, Luc/DCs transduced with AURGD-Luc (control vector) at 50 MOI, LPS
/DCs stimulated with 1 ug/ml lipopolysaccharide, or mock DCs were placed in the upper chamber at 106 cells. After 4 h-incubation, the number of cells that mi-
grated to the lower compartment was counted. The chemotactic activity was expressed in terms of the percentage of the input cells calculated by the following
formula: (% of input cells) = (the number of migrated cells) / (the number of cells placed in Chemotaxicell-24; 106 cells) X 100. (B): DCs derived from EGFP-
transgenic mice were transduced with AARGD-CCR7 or AARGD-Luc at 50 MOI, and then were intradermally injected into the left flank of C57BL/6 mice at 2 X
106 cells/50 ul. Two days later, the draining inguinal lymph nodes were collected from these mice, and a single cell suspension was prepared. The abundance of
EGFP-positive DCs was assessed by flow cytometric analysis acquiring 500000 events. The number of DCs that had migrated into draining lymph nodes was calcu-
lated by multiplying the EGFP—positive DC—frequency by the total number of isolated lymph node cells.

EZFDOHEAICEST, DCOTEHA VIREMA N
WAERICHRG LEBORNEBIZ2HAETEL L%
RLTWS, £/, CCR7/DC 7 in vivo IZBWT
IEFITENZY NS TR RIET S T T
HEKTHDHZE2RBLTED, ZHUd DC R
BRI FEOLINWREL T = 7 & — il DG
fbE2HENOHRERLT T =77 —flBOfinE 0D
M CIEFICENZF RIS EE R 5N

4-2. 1) D INHBHERME DC D7 F L DERER
ENDRA CCR7/DC OENT=Y) >IN EME
P & DC ik DAzt & ORI EME: 2 Mt
% 7=, gpl00i#fnT & CCRT #EInT & 2 HEA
L 7= DC (gp100+CCR7/DC) ### L, B16BL6
[ ETIVICBIT 5T 7 F Hee & i@t L7z (Fig.
12).32 Mock DC & %\ iZ CCR7/DC % %yE# 5 L
TEREEHE LT, gpl00 B FDAZEALK DC
(gpl00/DC) Z#H 5 L 7=~ ZITH W TII Fig. 8
EFRRIC IR B L 7= B16BL6 Jifi J5 0 BE 3 72 B 4
BIENFEI N, £TOVEEDRIL, 77 F
ST B gpl00/DC HICHKEFEL T ALK, —
7, gpl00+ CCR7/DC % 2 X107 cells/mouse T4

ELEBITBWTIE, 5X10°5 @ gpl00/DC %
L7~ X ERSEOHIEBERENERIN, 51
5 X 10° cells/mouse T® gpl00+ CCR7/DC 7 7 F
¥ 5L, X DRI BI6BL6 JiE 5 O MG 2 40
THIEMTER., /2, TNSOEETEA DC
25 L=< 212BI1F D CTL i& 14 2 Bu-release
assay IC K D kL 7=& 2%, BI6BL6 WEHEFRIC
NI 2T FROERERKBL T, gplo0+
CCR7/DC Z#45- L 7z~ 2 O g+ 121 gp100
/DC #% 5.8 % -[6]% B16BL6 K BN 5 =15 M Ak
HEN7z., Lh>T, DC HE#EEIC TAA Eix
F& CCRT EfTaH_HEALLDC ZHT A
ET, WRD TAA BIZTOAZHAL K DC D
MERELT, X0 mnEHiask T3z E
BRBEFETEDL I ENRI N

ARRHNE, FEMAZ Y O NS ITRER AT 5 L -
CCR7/DC 77 F > @ DC EFIENDINAD, &
NIBIEENREERT HDICbBEEINTWE
DC #5582 KBIEBTESZLE2RLTHD,
ODC Fij R0 A BLEE D 72 D I B s B3 O Bt & 4H
O, @DC 77 F U HRBICB T2 - IA b
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Fig. 12. Vaccine Efficacy of DCs Co-transduced with CCR7
and gpl00 Gene against BI6BL6 Melanoma Challenge

CCR7/DCs, gp100/DCs, and gp100+CCR7/DCs were prepared using
corresponding AdRGD vectors at 25 MOI, and then cultured for 24 h.
C57BL/6 mice were immunized by intradermal injection of transduced DCs
or mock DCs into the left flank at the indicated cell dosage, and then 4X10°
B16BL6 cells were inoculated into the right flank of the mice at 1 week post-
vaccination. The tumor volume was assessed as described in Fig. 8 legend.

DOHIBE, &V DB S DC Gk O iR IS %
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