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Abstract: Matured dendritic cells (DCs) begin migration
with their release from the bone marrow (BM) into the blood
and subsequent traffic into peripheral lymphoid and non-
lymphoid tissues. Throughout this long movement, migrating
DCs must apply specialized skills to reach their target
destination. Non-invasive in vivo cell-tracking techniques are
necessary to advance immune cell-based therapies. In this
study, we used a DiD cell-tracking solution for in vivo dendritic
cell tracking in naive mice. We tracked DiD (non-invasive
fluorescence dye)-labeled mature dendritic cells using the
Near Infrared (NIR) imaging system in normal mice. We
examined the immunophenotype of DiD-labeled cells compared
with non-labelled mature DCs, and obtained time-serial images
of NIR-DC trafficking after mouse footpad injection. In
conclusion, we confirmed that DiD-labeled DCs migrated
into the popliteal lymph node 24 h after the footpad injection.
Here, these data suggested that the cell tracking system with
the stable fluorescence dye DiD was useful as a cell tracking
tool to advance dendritic cell-based immunotherapy.
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AAAGA X T2 ARl S 4] ar AR
T sk FY 5ol frt 7hssh of 7)ol WY
MAEZA FAPIAIE (Dendritic cell, DC), A5 T Al|AE
(Cytotoxic T lymphocyte, CTL), AFA2F8HA3E (Natural killer
cell, NK cell), Afo] =711 w7l A3|AIAE (Cytokine-induced
killer cell, CIK cell) 5] AREE 3L St} o] T FAVIAIE=
A W 7P e LA ERA donke-S s
I AEA7 =] AR ks ddsial ok Al WY
HES- (Cell-mediated immune response) -2 8l 41
M= E2ZE (Phagocytosis), A13EU] ©]%] (Endocytosis),
= A 228 (Macropinocytosis) S 53l &S
335t & "2 A (Lymph node)% ©]53F] MHC (Major
histocompatibility) 2! X F=2}= 4} (Costimulatory molecule)
= dstar, IL-128} 22 54 Ale|E71R] (Proinflammatory
cytokine)= wH|3}O] HAM|AE Bo|AQl T AIXES] EAS F
Sohs s it [1]. ol sh FAVIAIRES] T]se] B
AAA TS TEA O 5T 5 Sl 7FsAo] AAIE
©], 1996 B A3 Yub FgeEAte] wigk 3 AR
29 o] % 75 nFet, gt W < Aol FAVAEE
o]-g5 AT A7t ksl FeE L let [2-5].
FAPIAEZ} QI 224 (Draining lymph node) = ©]53
4] F4A01 241 Chemokine receptor CCR7-> CCL19/
CCL21 7 7HA] elR=5 7H=dl, 8573 AlRl=71R], TLR
ZJ7F= =2 MMP (Matrix metalloprotease) 5= ©]-8-5}4
ol gt HIAUSTE &5t TAVIAMIES] o5 a&S FolEe
B A7 AE AT [6,7]. 1Y AA W ML ©]5-2]
F2o] oJH 11 ex vivoollA] generation$t TAPIAIEL] 74-9-
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Flor HEZH RO o] g2 5% JEr v Yo} 7]
A o & st o] gl Wt YEE A= ofe
oftt. FH Hlo] eoln VS0l HEER WY

71E] CT, MRL, PET 5] ¥] 354 g 2
o83k YA 4] AL AZEXFA O ol D
= olnE slele ob vl Aol [8].
A X FollA HAAMEL o] F2 A f o]
St AR = AlEABA L aaE Sisketel QoA wils-
F83%F QAolth. #HF Near-Infrared (NIR)E ©1-83F G471
o] A W A3 o)F F4ofl A8H A 2 shd=E 7t
8] 54 omAE Pe o AL BarE|ar v [9-12].
NIR 392 700~1000 nm= Fupgo]7] wite] o]
Fafisb, 224 FEo] a1 A Z219] autofluorescence
= FHaske 5 Qlvhe A= 7HaL Qv [13,14]. ©f 4]
o] Feelld Fgel S vehlle =ds =ldd
AP TERN A GAES olgel At JRE e
T = A 07 AR Non-targeted probe % 3121 DiD
+ NIR EFMAZH in vitro, in vivo cell-tracking= 338}
e B3l BF 7Fse EHolt [15]. ofF olgsio] AR

lo =
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1% oo o
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T 7M1 328t A Y cell trackingS A1%=3E
Kol 4 ofe} T Aol &gato] ShAlsEete] Honkg-
< olux|gkst B Qltt [16].

|
oo £ AtolM= FAIAIEE DIDE A4Skl P8t
Gk A (Optical imaging system)S ©]-2310] H] <57
NIR 977" 2.5 A ] o] §5= F7kstaL o] uh=
GgHREs Bt} st

2. 45 28y

2.1, v} A

FAPIAIES] A Z, "F3EF (Lymphocytes) 2] 2 in vivo
cell-tracking S ]38t FERAEZHN 6~8F75 2] UH C3H/
HeNCrljOri "F-5 22|l ER}o] @ (Seongnam-si, Korea)
o TSJalo] AMEaISIT. B R Aol st B2
e g0l w2} XYt} (CHA university Guide for
the Care and Use of Laboratory Animals).

2.2. WA} Ao}

TAVEM ] EE 10% F-ElloF ©7 (Fetal bovine sereum,
GIBCO Laboratory, Cergy Pontoies, France)®} 1% Antibiotics
and Antimyocotics (Lonza, MD, USA)”} 33HE RPMI
1640 with 25 mM HEPES, L-glutamine (Lonza, MD, USA)
Ao 2 2% v~ GM-CSF$} IL-4 (JW Crea Gene,
Korea)E F7}sto] AHE-8FSITE. TNF-0, IFN-y, Mip-3p
(Peprotech, NJ, USA), PGE2%} Poly 1 : C (Sigma Aldrich,
St. Louis, MO, USA)E A3 F-4E 248 93|
fluorescein isothiocyanate (FITC)-conjugated anti-CD14
(clone; rmC5-3), anti-CD54 (clone; 3E2), anti-CD86 (clone;
GL1), anti-H-2D (BD Phamingen, San Diego, CA, USA) <%}
phycoerythrin-(PE) conjugated anti-I-A [b] (clone; AF6-120.1),

anti-CD11c (clone; HL3), anti-CD80 (clone; 16-10A1), anti-
CD40 (clone; 3/23), anti-CD197 (clone; 4B12) (BD Phamingen,
San Diego, CA, USA)E ARESIQATE AlPESA] 498 §l8)
] propidium iodide staining solution (BD Phamingen, San
Diego, CA, USA)& AHE-3I3iTt. FITC 9} PE] isotype O
+ Rat 1gG,, ¢} Hamster 1gG; (BD Phamingen, San Diego,
CA, USA)E A3t

2.3. FAZAZ vl

C3H w}§-2ollx] 7= (Tibas) % ¥ & (Femurs) =HE =
TAI2E (Bone marrow cells)E TE310] FAVIAE vl
A] (RPMI 1640, 10% FBS, 1% Antibiotics and Antimycotics,
20 ng/mL GM-CSF, 10 ng/mL IL-4)Z &€}l 100 mm
HjoFA Ao 2 x 10° cells/mL % ¥-5-3lo] 37°C, 5% CO,
Z10 A weksISiTE. vk 24 A, B-EE AlEE A A 5
AN viFIAE 7kekar 44 vk« 2] dRks Kot
ArteE] & wiAE AT wiF 6 LA, s A
A3EL] 8k fieh] flete] F-rAlERhe AEE HleF
£71°1 &7131 AEF v TNF-o, IFN-yE 10 ng/mL =
718kl PGE,8} Poly 1 : CE 1 ug/mL= 7}sto] dEret
% 100 mmyieF FAlol w738 $- 244)7F FRF Ad5EE
FEskelet sl 3 wiH|el i Qle MEES FAS]

Aol ARSIt

2.4, SN Z BA

e FASMES] W] %¥ Y (Surface phenotype)
A5 98l 2~5x10°702] AIEE 0.5% FBS/PBSE 23]
HZ3 3 PE conjugated-CD11c, CD40, CD803} FITC
conjugated CD14, CD54, CD86, CD197 ©&-= A& &
Alekar, M AEES gRIsk] flste] PI (4= 4TC, o4
oAl 20-2%t AAISISIT Tsotype control © 2= Rat 1gGa, 2}
Hamster 1gGi 5 ARS-SESITE 20427 4 A= 0.5%
FBS/PBS® 23] A|%|3t 3 FACSCalibur (BD Bioscience,
Mountein View, CA, USA)E A3l FAIE 45 2
Al8F3AtE. B datai= Flowlo (Tree Star, USA)E ¢85}

B

2.5 FRAGA| 2] G B4

A FAVSAES 1% 10705 1 mLe] HBSS®Z ekt &
5ulL Vybrant® DiD Cell-Labeling Solutions (Molecular
Probes)& F7Fste] 37 Collx 2044 WESAIZATE RES- £,
RPMI 16408H4]°l] 10% -p-Efo} Do g i 23]
Al H BRI

26. 4Z7 F% 9l
C3H "F-A2HE 173 4E319] 40 um pore-size 2] cell
strainer & ‘& 2MA|A BIZA|3E (Splenocytes)E T2t U,
Nylon wool columng ©]&&}o] FIZF= B3} [17].
)5t AEZ 10% FBS7} £3H RPMI 1640 Hij<]ol] 31E
3lo] 96-well plate (U-bottom)oll 5 x 10* cells/well & 212}
ETRIATE. of 7)ol AR o FAPEAMIAES] BlEo] 1011,
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20 :1,40 11,80 : 1,160 : 1°] ¥&% H7slo] 712417 9t
37C, 5% CO, A F-50%F skl vioF 5 96-well
plate®] Z} wellel MTT dye solutions 3 7}8}al 4417k
FF HHSAIZ] 3 Stop solution % WH-S FAAIR] T
4% 570 nm IPgelA St gk HETE 0.1%
BSA7} 3 PBS €90 1 mL % 1 x10°7) AZEZ &
g5lo] 10 uM CFSE (Invitrogen, USA)Z 34 &}3it}.
CFSE-labeled HZ7-E o]&3ato] DIiD-32A] FAVIA L2}
H A SAAAES 10 119 BEE 72417F ZoF njokst
% FACSCalibur (BD, San Diego, CA, USA)Z o]&-&}o]

AES] F458 Helskic.

2.7. Invitro 9 in vivo $SA A E o]l 55 33
FAVIHES] in vitro migrations ER1F7] $]810], 8 um
pore polycarbonate transwell® plate (Coaster)& AMHE-S
CCL19/Mip-3p7}F 3} (50 ng/mL) Fi= v|E3He x| =
o}l chamber®ll YL transwell 1%l FAVIHEE 5 x
10°71 273 $-37°C, 5% CO, Z=01elA] 1A B3t Al
7F 28] ol 5% = Ml SRt ol E sk AlREe] S 2]l
< FACSCalibur (BD, San Diego, CA, USA)= 60% 52t
53 AE 5 (events) S 71530 A o FAA
29 o)5-& FAE] $lste] DID B4 FAVIAIEES PBS
= @eslo] C3H whe-o] Wb (footpad)©ll 1% 10°71
5 sfa} AR, FAF AFRE 24ARE (A0 AR
52FFOBI in vivo Imaging System (NEO science, Gyeonggi,
Korea)& ©|851] A AL o= ZRISISITE v
Al HE%¥ 333k (Fluorescence intensity)= 100%
2 3§ dapa R SR (popliteal lymph node)
7 o] F’ FFgks umlste] olF a8 A3} skl

3.89 9 g

3.1. Vybrant DiD cell-labeling soluﬁ0n®-% o] 23t +=A|Ar
A E BX

42521 DIiD solution- A|3EEF Hoi= BRRAd <] of] ke
W] 54 9393 Near-Infrared (700-1000 nm)<] ZFgH2]o]]
S5} sk 5432 497104 FL-3 detection channel 1|4
Rlo| 7hssto] B A2 ow|A|E 71Xt} (Fig. 1(a)).
FAPEAHEE] DID solutionS A3 5~ PBSZ HERSH A
Ql FAPIAIES 1.5 mL microcentrifuge tube®ll %71 ©aL,
FOBI in vivo Imaging System= ©|-8-5}4 665 nm 3}-g]|
A 127 =Z2A1F ) DiD-labeled SA3A13E2) non-labeled
TAVIMES 665 nmeollA] =FA717] Aolli= 2folE Kol
] EIAITE 665 nmIPolA] A O T FAE TRV A E
= 3lI3IAT} (Fig. 1(b)). =3+ DiD-labeled A1 EE
FHE EX7]5 o] &3} FL3-detection channelol|A &%
S gIsIg o, MEsA ER1E 918l PI 941 519
S ] FAPIAES] APHo] TEER] ¢F30 R AR HA
< YeER] ok= Ao® ERISISIT (Fig. 1(c)). ©1=H, &
Ao A3 DID solution©] A/ Ao 54 UEl

i gkowl, NIR 3H4919l 655 nmellA] F%o] b5
2 Felshiv.

(@) | vybrant® DiD Cell-Labeling Solution

Molecular formula/Mw : Cg7H;3CIN,055 /1052.1
Color - Red fluorescent

Sub-cellular localization : Cell membrane & lipids
Abs(nm)Em(nm) : 644/665

Platform : Flow cytometer

Detection method : Fluorescent, FL3 detection channel
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Fig 1. The lipophilic fluorescence dye, DiD-labelling of DCs. (a)
Used to the carbocyanine dye, DiD profiles. (b) After DiD labelling,
fluorescent intensity and DC viability was examined by flow
cytometry analysis. Gray histogram represents the positive percentage
of DiD-labelled DCs. Open histogram represent unlabelled DCs.
(c) In vitro NIR signals (exposure time: 1s) of DiD-labelled DCs.

3.2. DiD ¥A] F A FA|Z Y v B4

A 2EAE R BSIAX A TR S T
- (Monocytes) 3R AR1 CD142] W2 A3 wHex
okokyr thEA ¢l ¥ &¢lel CD11c2] e DD %A,
H| 3] FAPEARELe] ZFo]7) §ISITE B3t naive T A3
A= B2l CD40SF T AIE2] CD28 B-i= CTLA-4$} H-2)
3= CD80 (B7-1), CD86 (B7-2)2] 3l 3t 2jo]7} ¢l
o} T AI3ES] LFA-13} F-28R= CD54 (ICAM-1)9] 1k
T T AIETE] Aol AT HEsE Ad5st SAPIAES]
Az 2A] (homing receptor)?] CCR72] W wgt xjo]7}
N= Aow gelslint ek g FRAGS & = Q=
MHC class 1, 1] ¥ B3k DID-3%4], B]3EA] 54444
LM AJolE HolR] o= Z1e RIS (Fig. 2). =M,
H 2&o]| A}23F DID solution F-APA|3ES] 3 89
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Fig 2. Surface phenotype of DCs with DiD-labelling or not. DCs were stained with FITC- or PE- conjugated CD11c, CD14, CD40, CD54,
CD80,CD86, CCR7, MHC I, and MHC I specific mAbs and analyzed by percentage of positive cells by flow cytometry. Open histograms

represent isotype control. All data analyzed by FlowJo software.
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Fig 3. Non-cytotoxic effects of DiD on DCs nature. (a) Migration assay was performed by measuring the migrated DiD-labelled DCs
through 8 pum pore size polycarbonate membranes in 24-well transwell chambers. DiD-labelled DCs (5 x 10* cells/well) suspended in complete
medium of upper well migrate to the bottom well containing without CCL19/Mip-3p (50 ng/mL). After incubation at 37°C, 5% CO, for 1 h,
the cells in the bottom were collected and acquired for migrated cells counting with FACS analysis during 60s”. Results represent means +
SD of triplicates. (b) For compare with DiD-labelled DCs and non-labelled DCs, Lymphocytes (1 x 10 cells/well) and DCs were co-incubated
at ratios of 10, 20, 40, 80, 160 : 1 (DC : T). After 3 days incubation, lymphocyte proliferation was measured by MTT assay (means + SD
of triplicates). (c) Lymphocytes were co-cultured with non-labelled DCs or labelled DCs for 72 h at a ratio of 1 : 10. As a controls, CFSE-
labelled lymphocytes were cultured under the same conditions without the addition of DCs. Proliferation was assessed as loss of CFSE

fluorescent capacity. **p < 0.01, ***p < 0.001.

W3} ALTgAlelE Yk vIRA] = As
3.3. Invitro XA A| 3£ 9] o] F

In vitro®lX] chemokine RF3-d AV AL o552 &Rl
3171 91311 transwell plate 2} CCL19/Mip-3pE ©]-8-3H31
t}. CCL19°] w38t vix| K} 50 ng/mLZ X3 v~
of| Al FAVIAMELE] o) o] SRS ERlekglal, + Al
Rk Apoliz HERA] i3kt (Fig. 3(a)). Ol AV
Az-84) (CCR7)4] o] T3t F=US vt 47
o]w DiD-ZA]oll W= chemokine YFSA] o] E5ol| = ok
= TA| o FAPIAMES] A o]F A4S 213l DD
XAZF =8, e 54 WskE oplshA & st
s g1

34 FARAL YRT 24 =

DID-FA| S HEA A AEe) AT 1o Fi
glslr] 98l H3 T proliferation assay (MTT)=Z &R1s}
ek, WAL R Bele S A ES B E
HjeFsto] Af=3t 5 M|ALS] SAle-5 ERIgH A7) DIiD-32A],

o 1082
WJSEA] AT 100 T 5 fie o]k gl
YT proliferation 2

o1 T 0

o7 RISt} (Fig. 3(b)). T3t

sR1gIr,

NS SRls] Slato] |l CFSES #4185 7}
AP} 10 119] BIER 72413 F1E el
kATt |t vk wfjekun} A aEe} 2ol Hjegaiol
& 735 e FAPdA e Cel] vt SAshe
2 5 SAth 7 AP IAIEE 25~28% YT HE ]
sk slom ]1ek 5= I3l (Fig. 3(0). BT
iz SR A A el DID 2415 Sl
9 T SARLE Vel 9 vAA
& FRIE 5 9l

"
B
%
%

3.5. NIR 7]% & ©]8-3 DiD EX] $A)FA| 2] 33

A Wl s FARARETY EARIZER o) sahs A
F43817] 918l 5x 10°789] DID ¥4 FAPFAHIES PBSO|
FEFsto] C3H mh-2s 9125 Wk (left footpad)©l] 9131 5
AFgh 3 24 A13F TFA 0% 724X 5RF FOBI in vivo Imaging
System2 ©]-8310] 665 nmellA] 237t =EAIA oA &
DAt (Fig. 4(a)). TAF A5, B o] x]7} ufete]nt
HHE T} 24403 & Sl R o] FE A ER1E
4= QASIT} (Fig. 4(b)). H3F 48A17F, T2AIZWHA] Az o=
FARELI N E9RIZAR o) gl Ag gRrleigion,

=
AIREE] o] F- FAF AFHG T2A1A] 10% P& S71
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2 RIS (Fig. 4(c)). A Wl FAVIAIES] ol Fs=
DiD solution¥} NIR7|%¥& ©]-§-8}9f oJv]x|5}ek &= QI3 C.

1], DiD solution®] SAV3H3EL] in vivo cell-tracking 17
of A3k & T ASITH

Yoof migrated DC/ injected D C

Oh 24h 48h T2h

Fig 4. DiD-labelled DCs migration from footpad to popliteal lymph
node. (a) DiD-labelled DCs were injected onto the left footpad. In
vivo NIR signals were obtained on the popliteal lymph node after
DiD-labelled DCs injection (at 48 h). The filled and open triangle
represent the popliteal lymph nodes (target region) and left footpad
injection site (starting spot). (b) Enlarged images of left popliteal
lymph node at different time points. (exposure time: 2s”) (c) The
migration capacity measured percentage of the migration DC/
injected DCs at each day (means + SD of triplicates).

4329 2%

= Aol FAVPAES NIR 91 9919] DID 24 %3
AR AL in vivo F8 FHE o] &-ste] A U
o5 RIS DID solution FAVIAH| o] 542 1}
ERA] ekgkom mihE AIZE Ulel] 347} 7Fsskich. 4]
FAIRES] Al] EAdol] F o35t i TRk e W AL
A1 CCR79] H&H %= DID ¥Aol 23t Jake A
oXIt}. 1830 in vitro ©1%55, T AEL] 4 fFEoA=
5olZQl Zol7} w]A] ek omM Mol Ee- et
2 5749 "iglglo] 4 7hsst A9 FEEAE A
Az AEt] A ] F2o] Thsds HolFith
AR )3} FARE FAPIAIEE T30l Bt )
AFHAl 10% J50] ol 5= HSIth o]gfst A o5l
et AR E FEst ojn|AE B3l D& T e, o=
1 Aol AR 3t o] FAVAIES] A B S
HUE sk E82 S-S ARt FAGAIES]
A W) 2] 5= Tat-NIR-emissive polymersome [9] 2
quantum dots (QDs) [11]& ©]-&3F -7} K O,

DiD solutions ©]-§-5t 7= X% vp7} It} Tat-NIR-
emissive polymersomes- ©]-83131S 739, TAVIAIEE AY
A el 33U7EA] MIPE 2418 7Fs3HAl 3131e™, quantum
dot®] Aol & A9 vRRZ 72A1X7HA] M4
< AR Aeelnt 53], 719 T BAIRIAES Al )
A AgAzke] A 10413 ool AQE oL, # A
T4 &85t DID solution §F 205 T XA 3o
A 7FssISith, FAVIAIREE o] 83t YA FellE ex vivo
generation TA|7} B2 of7]olli= A7} (Antigen
pulsing) o] EFFATE FAPIAE A|lZ=e] Q1 21
= HAIE Bl ARl At IRPAY S fEsles oF 5ol
Azt 3, HEfo| = 52 A IRE 58 AT
o, 2d719] AR Sz ollx] EAlof A
g=lo] ZAIRE 4] S A= B8kl o&0] 74
MRS Bl FUE 9 A Aol v a1t
k5ol it} WA DID solution= A ZF #go] k8 H 3
CEA|ZH X7} o] FojR B2 AR o= kS v x|
o= o] itk o] gt HE2 DID solution®] TA/A]
2O A W) AlEFA ATt QlojA 3719 StEERE
a&zoln] AAA SHolA A5 G877 & Ao
A= Tk B9k o} o] & o] §ste] W QW s)ite
5= A 5o] T A3, A1) M3, Aol &7
w7l AEAIE 5-2] AA U] o]F W ataze] sk At
AAFZQl Hgo) 7led Aoz Agwnt SN &5 DD
solutions 0188t TAVIAME U] 33 /4] 71k, Ala2e] A
= 71ZF 54 AR A7 2o A ow AR EL
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