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Abstract

This report proposes a novel platform that combines hydrogelated cellular
system and the feature of the dendritic cell to modulate cytotoxic T cell expansion
ability accurately and effectively, which can provide personalized immunotherapy and

also create a versatile tool for investigating immune system mechanism and function.

In this report, we ortimize the intracellular hydrogelation process to transform
live dendritic cells into a highly specialized biomimicking material. Gelated dendritic
cells (G-DCs) are capable of provoking anti-tumor responses through proliferating
CD8+ T cell expansion and come with advantages such as easy storage, long durability,
robust stability, and extraordinary immunocompatibility. Furthermore, the results of
this study show that aAPCs with high cytoplasmic strength (120kPa) can heighten
51.2% of the T cell activation rate. By modifying the stiffness of this novel aAPC’s

cytoplasm, we can modulate T cell expansion ability precisely and effectively.

This report suggests that this innovative immunotherapy through techniques of
hydrogelated cellular platform is a breakthrough and promising biomaterial tool for the
research of DC-based immunotherapy, further emphasizes the potential of engineering
T-cell activation by mechanical forces. This material even has potential in vivo

application compared to others.
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Differentiation
v ligand spacing

factors influencing the mechanical forces
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(—) AlAEELEE

/NGRS ZR A B AT AR TAWS TT~ MEM B2# 5 ( Minimum Essential Media ) ~ [-] phenol red medium
DMSO 4R+ A ](Dimethyl Sulfoxide) -~ Trypsin ~ GM-CSF ~ PBS ~ PEG-DA ~ 12959 ~ sodium citrate

buffer ~ calcium chloride ~ LPS ~ CD8a antibody » CD47 antibody ~ CD47 isotype ~ Hoechst 33342 dye ~
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(Z) st heasts

TEDREKTE ~ =& 53 £ 85 (pipette) ~ BB (pipette aid) ~ BFERS ~ 10 A&l - fMEH
B (pipette tip) ~ FREELVE ~ 15mL BE0VE ~ S0mL B0 ~ B 0ot ~ BT R S5 (Ultrasonic
sonicator) ~ EEFE(H FHCAMREET 8 R ~ R (4 ~ EEERIES 24 7L~ 96 FLA ~ eppendorf

4°C JKFE ~ -80°C JKFg ~ B8R4k ~ EEFE - UV-crosslinker HE 5135

=~ WIRAERTER

(—) ~ 4fifEEEE( Cell culture )

1. dlAEREE

Tr /N R 22 4 B 4T B AR TAWS 11 B2 & Y& Ribonucleotides ~ Deoxyribonucleosides ~ 4 mML-
glutamine ~ 1 mM sodium pyruvate ~ 5 ng ml~'murine granulocyte-macrophage colony-stimulating factor
K 20% FBS #Y Minimum Essential MediaMEM) - {#_F a4l pRITE A gE N E - B E

5%CO2 ~ 37" C Z#fifusasse -

2. AAEdEAEE

A%y JAWS 11 Y4 A & 60% 2 80% ARG EFEIIEHRS - FYEFalki g I TP R A
AREFTY 50 mL BB S > REELUS RS ENR PBS(Phosphate buffered saline)i&t—K » Wl
AR LA IE PR AR EE I ESAYIE A - R PBS DURGEERSR - IAIA 1.5 mL AR
EAEG (trypsin)  ARDRIFER LY 3 o8 o RERCE YR 58 4E (Incubator) HH Y2 ITHT
th - IRE SO mL 0 E P HRSEIROREX B BREE BB » S A SOmL B OB R R 0(500
XG5 5388) o B ERERERTE 0 HL 1 mL AURSERRIOIFT B4R o e MLGAREE
A ~ AR AR I E A 8.5mL AYEFEIR K 0.5mL Y GM-CSF » FH{#E R RS &)
AN RIEERE -



3. Al

HU 96 FLAZ - IKF JAWS T A LI » jiF4MIAE o n AR E SRR AR B > DUNF S8R » A

37°C > 5%HY COHyERERE S -

)~ YL RHE R EANAEANAEE  (Carboxyfluorescein succinimidyl ester staining )

RHEE LT AVIAEAC T - B OB PR BRI - REIRE9 29 TR0 BL ImL B9 PBS 1% - #8547
S50mL HRBfE CYE R - i PBS {2 B 2K » fE£5 B2 EJTMIA 100 £ L PBS k¢ 1.1 ¢ L CFSE - #EEE
REEAR - FRFE R EJTRBEE VE RN PBS felUE &1 5 o #CIE TR 0 A
20mL Ky PBS &% 1B JE > AR 2Bl Ly (500 XG ~ 5 738 ) WEER HIFR -

(=) ~ PR R E At AAEAZ (Hoechst 33342 dye efflux assay )

HRFAHAE LA 5x10 cells/well FEA 96well plate » &% 4E—ELAERE1% » DL 0.1% Hoechst 33342 Zxth o 1F

3TCHEAFE 30 778E1% > LERESER > A PBS HE -

() ~ ZKEERR AR A fF P B

47K BB AN R T DR R G ] &l 5.CFSE KB E £ 2RI N HYIBIE
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6. TUEMHZAE R LR MR 7K AR AT Ny & e s AR e

. ERYE/KIZYIRERT > G5EiA CESE R AN E A picsk th - MECRHAEHUR S I RO - 5

PREMEEOKZ AR E SR - DUEREEREE -
2. EFEVEAINELL SX10 cellsiwell TR 96 FLARGHE VNI % - B AT (T (F PR B

B - AEZEGArKIBAIREAYIEIRE > GEEnT-F/ N ERA TRdIAERY 96 FLAR - A Hoechst
33342 HUASH] > R H AN AL (- DR AT B -

3. ZFFF Hoechst 33342 HYZHI(E FI-F/NRFSE 842 (R B A SR 0 EDE CFSE HY/KIZHIRE
AR = TR DR E 3.5 B/ - FF Al E AT -

4. FRHAFHISEE > (Fali 06 FLEREREMEE T o - B /v g KE ARGl AR v
ARV B I AIE - BT KB E Ak e BRSPS e AR A A S
CEDCHIBIETY - SAGRIRIEBI > WIS —IRIEEEYS - BRI R EIEEER -

(F1) [M/IMEEEEEHIE (Platelet Aggregation Assay )

BoE 0.106mol /LOM) FEBEE 45 &R ~ 0.075mol/L(M) calcium chloride BA SOuLPBS [E}7 ~ f#§
i 651076 i GC ~ Glu-fixed cell ~ Live cell < #EFLL 1:20 AYEEW] activated zymosan ©
1 Eppendorf iz 100uL A9 citrate buffer,$t{E#® 7 —i& citrate buffer FFhiMm - HIEUMIK

BIEER WA EME - FFLL 1000XG Bfers 20min © Plasma 100ul JA LA 50ul PBS [E[/A
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1Y GC~Glu-fixed cell ~Live cell > 300XG B & f206R LAWK © 1 3T CHOEEFE 10 77885
R MR T T BB R RS BN H B -

(7)) ~ T 4ifEsssNECEEE: (T proliferation assay ex vivo )

e JAWS 11 2:DA LPS JEAE 24 /NEE - JILA OT-1 BERK PR LU E R AR EIEL IR K SRR AR - i
CFSE £EECHY OT-1 4ififf2Es)E DC » G-DC 8K —EEEERY DC DI [EEL BT 7 96 £L v Y
REFE I HYEPEMAEAE 37C MR EMNIRR - YR - Rl A R EE B T AR E,
Hi/NE& CD8a Hii#G (eBioscience » # 100712 » Fef& 53-6.7 - 11 100) Hyth » Al AR A AHAE R

534 -

— RRERE KSR R

1. ZHASNY KSR L E S
(1) HY 12959 7~ eppendorf H » FADA 1.5 fZE&fE 2 DMSO > sonicate & BI/Af#E - JREIE1%Z

B PEG-DA - I HIM AN H K E SISk IRE a4 -

8. DMSO M1 PEG-DA B EEHIRRVEEE: - (A) ZEHAHY DMSO B ES
T3 A RS By PEG-DA - (B) FEilEBE T = HES - BH/KBMREY RS -
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(2) LL365 FoKHY UV SEErT e BRI EER R NE - FE RIS T R eI —E R

RAER - W HBEE AR LB AT - UP R E A /KEHE RS - —PGERERH I
2 H T RS N IRER R RS TP b R B H s o Himt R Ry > HIRbeR
i JE T B EHAVE % BEE R AR RSB K > N EEI KA A - [ERFE
TR ROUE » JBas TR TRID WO R BN - EiEE AW RS A o 1T

HERAMEE D SEME ~ S/ MEAHRES NS LE A% G DU T SRR M AR S 5 =K -

S AR oL A
T

9.5 UV LIRHER - fEA 365 ZORRVRIMDEEHEE 12959

(3) A ELRERKEEMRHE B Y REE MR R ROIRRRR B RE/KEERE - o] 18 i B A
PRS- SR ELHIAHEEE - AE R R T EAVEKIERE
i AEINEEMEEZE o P TAR A A — (LR A -

10.A ~ B~ C 355 4% ~ 15% ~ 40%HY
ARSI BERE - IRIIA IR IM'EEE 12959
& > AIEEIR BRI ARG A B A I i h

T R S22 R I R o
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O i CH
= o oo & 3
H2C O HO CH
O i HO\/\O 3

PEG diacrylate (PEG-DA) Photoinitiator (12959)

UV Light
0 0
HQC/AHJ( O\/‘}‘owov‘}oj\ﬁ“?
O n 0 n
(PEG-DA),

11 /K EERB A L2 S
2. HIFANATK S L E bR
(1) HLPEG-DA (MW 700) 4°C FytlEliR - BN ZEIREG 37°C/KAH » [BDRZEFRENHA « FEEL
30 mg i 12959 » FEHIA 20 uL Y DMSO (J&fgz RBIRRIV=E ) -
(2) HY 200 uL £y PEG-DA (MW 700)

» A 20 uL 12959/DMSO » #4538 &194] -

(3) “EMFAHAN - BB _EEE DA [-] phenol red medium B[ ( FA—/ESE A EY MEM £%

BEN T S A RS - TR RS DR HARER S T 5 ERAIHE A Y BE
BRI - R E BRI A L EHY medium) - % Eppendorf 1 -
(4) 1K PEG-DA+ 12959 égtgit s EEENA cell 1 » FEomR&EHE (A ADE) -
GC % 4% 15% 40%
PEG-DA+12959 40 uL 150 uL 400 pL
Medium containing cells 800 uL | 250 uL 600 uL
ddH20 160 uL | 600 pL OpuL
Total 1000 uL | 1000 pL | 1000 pL

% Incubation 7E 20%LLTHE - 7K DAAERFAHAE (E 2 B R

(5) 1E=UMAFELE 5 7re# - ®5E (FHFA hood HYIRHALE ) -

(6) B 500 XG > 5 7y
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12.A Eppendorf T &R E &N
PR - ILENAHRE N B0 A KEAV4TRE -

(7) HL 500 pL FJ%7 £y positive control (load 7£H Fr—{& well ) -~ #ERFar FFR - FFLU
500 uL /Y [-] phenol red medium [=];7% pellet » R E&154] 0 load £ well A -
(8) 1KF 24 FLERE N S /KIVsEEE T - FTHHHEE - » BL UV-crosslinker Hi5f
% 4% > 500 pL © HRER 8 Sy e
% 15% > 500 uL - HEBf 2 57 gae (]

S 40% 0 500 L : BEET 0.5 53

13.4HHEAR P RE R ERY BT
(A)GARL 24 FUBBHVET > B T BB EF B EFDCHIRA R A -
BE B KSRy T I E ST EEn En s 240 -

(9) & 24 FLIEE NAHAERS 2= eppendorf (A » BfE() 1000 XG » 5 738 » MR FIER > DA
phenol red medium [2]}7 -
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14 I 24 FUBERRTHAVEUE AR TR EL B /K B AHRE - AHRERR PO S IR R AR R AT SR 1
BEIETE - (A) MAT R KER 2 AR EREEOH) LBR - BIRFEERA KSR - 1F
Fo ¥ HRAH » DUSEHIEE AR K BB IR AT SRR 2 A T AEE - (B) LA 500 uL #Y [-] phenol
red medium [EARYZKEERRLAHRE - B2 RN - HFYSMNESE medium N &EE L - ZA1
BIEAT AN ERHY KB AT ERAERE -

a%ec | g\ /

\\»—/ J

PR - 15%GC
7 ' \\I s =
Nl
4
3 40%GC
Live cells

N

Gelated cells (GCs)

15 A [E] 7K B 4l e B 75 ]
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PBS

H,O

AR KB AR B i = ERE (1) R K T EAVEK AR B AP (i
MIEZIE - (2) BRAVERE O SUEMEA S LA DU S AR E - (3)
e/ IMEARRE SN AT > B 1 ARHERRAY R AR g 2 -
Ept Bt =(ER RS - RERSELRERSC > A THE (Z278) —NGEREHEE
(PEG-DA 5 Mn700) 1 2-#8Ak-4- (2-FEZEE) 2-FER ML (B28] (12959) 4H
FRATETEA LK SRS 2 o B2 B4 PIRR oy Y R FE A - (R E# )2 TE T A A=)
BRESSEIE o (i FHIB T P 08 & PEG-DA K 12959 1% » ML AGSIZE4MAR - F1I FH4HAE
RSN BN > (527895 ABIZS4HREnTARREE - Bl e Z4RRE S NS RIS [ B2
Flt% > FFIF 365nm HIERIME (UV) TRSTARRE - BIWT58 s 4R N KSR E -

Live cells 4% GC 15% GC 40% GC Glu-fix

2 QO

16 A TRE/KBEIRAIIE % 4Hf4E PBS /K P HYSHARZIRRELER

(I8l 16) 7K RBAREATAR AL K e B A AR 53 A ZK 1 Rz PBS o - R LS 3R I 4l
REAE T o7 S BIVRIAR - 281 4% ~ 15% ~ 40%H /KRB 4RAEATRE (Rl FCAMRERE S K88 » Glu-
fixed HYAIAEE P BER A ENE - N2 EBRRTZZ 520 A e B HAURRRIA -

It Rolase KA A Ay U774 - /KB E IR R B S A U R 4R
HEELR - NI A] USRI MERTZE RIS » A 1B R AR R AR -
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0 days

20 days

17 /K EERB4HA AN TE S 4HAfEAE PBS HH5CE 20 RAVAI{ZELER
0 BT TH/KBEI (GC) IiREN: - AERIEEREMIEEE - KEE2EHVEIIEAE PBS
PHCELE 4°CUKAE 20 Kk - W ABEFIGEREEIPRE ERVER - MHIRET/KEEE
{EAVAIAE > TSR AR 52 -
— KRR e (R E R

(—) B

18. CD47 R AN B K G AR Y SR BREE > 1B
BRI R ESEREIES SIRPa SEHIMHEIE
> EHEESE > (EE B G amRdiSEr: -

& H 48 5 Created with BioRender.com
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0 BRI F=2H
JKEZHHAEAE PBS o ~ ZKEBAHARANIN isotype ~ ZKEZHHARNAN anti-CD47

0 HERAERIAIEER IAWS T A S H—iEfsedit - BAEwFHEAEENIES
BRANAE o LLTAWS T E B dliift] - Bhx /KA bRy JAWS 11 40 - 5L HIETK e
BALRUTE S RESC BRI EAVHaaE T -

0 CD47 fF R—TEfedlifiE EHUBSHREE S - SR ERE B AEER - fEAGR - ER4
LR T RS2 ) HI(E5R - AEREYESREETES o (SIRPa) MHEIEM » /e
HESREEE - HIRIEEE R A4 - AE RS E BAMIRE /KA bl e B pr e 4l
fE EAVE B R AEATREN M o RLEER CD47 fE R I - 54N ot Ens IR RK kR
LS SR AL A EsE H 3 R S it -

Macrophage

19. anti-CD47 AN A P hImyeR sk B R ElE
& F 485 Created with BioRender.com

0 EERTAyEEd - AKBAIHEEERIARID anti-CD47 - 2 CDA7 HYEHSRREEEE » DIEH

A SIRP o FERAH EAEH] > EECENEE A - AEtiRse e aiiRE IR (EH -
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20. GREBKE H (Ig) M EEFEA (sotype) 7 & &
(A) anti-CD47 B—fEGEEkE (g » CEAVIRSIEMEE A is S E B E

H > ERE R E RN > SCBEE 7 A& (V i) M ETEE(C ) - (B) AI&E (AE
lEmdsk ) BB R BMEAS S RVERL > el (KLElEi) RIRLEEERERAYIEECE: - isotype
1 anti-CD47 WY EEM Y= S BIE A 8l (H@lisk) - NELHER SIRP a PR
HFH -

O REERFT{E AT anti-CD47 Isotype /Ef6[F —MHEATAERGHIE —HH Ig o7 AR Ag
FERMEREEE > FEM Ig B9 C & AIME SRR EEETE - FRURIE RSy R 22H
BTz A AT Tg HYR] 85 & (variable region) » AR SHIFEY [FRIRHIZZSE - A
TE T BRSSP EAE SRR R o 1T anti-CD47 Isotype 7F 7] AT EFEFEHES I anti-
CD47 A [E - ZRM e & AIEEERY > R E5ETHH] anti-CD47 Isotype /b 1 L& B TR
Fr EMEAE SRV VR - LA G aalER -
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(=) EEREHR

Live cells 4% GC 15% GC 40% GC Glu-fix

P

PBS

25um

Anti-CD47
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