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Gold Nanoparticle-Based In Vitro Screening on

Immunogenic Peptides With T Cells
Yang Yanlin', Shi Chuanyin®’, Qian Qijun®***
("Xin Yuan Institute of Medicine and Biotechnology, College of Life Science, Zhejiang Science and Technoloy University, Hangzhou

310018, China; *Shanghai Cell Therapy Research Institute, Shanghai 201805, China; *Shanghai Engineering Research Center of Cell
Therapy, Shanghai 201805, China; *Department of Biotherapy, Eastern Hepatobiliary Surgery Hospital, Shanghai 201805, China)

Abstract The core of highly-anticipated immunotherapy lies on the epitope which can lead to activated
immune response. This study employed gold nanoparticles (AuNP) as panning carrier to conjugate tumor antigens
and incubated with peripheral blood mononuclear cell. Candidates for immunogenic peptides were screened
by enzyme-linked immune spots (ELISPOT) assay. Spectrum analysis showed that synthesized peptides can be
successfully conjugated to gold nanoparticles. Fluorescence microscopy and transmission electron microscopy
demonstrated cellular uptake of conjugation complex. Through the IFN-y secretion analysis from activated T
cells, immunogenicity of different peptides can thus be evaluated. This study optimized experiment parameters
such as pH, buffer system, and incubation time etc; shortened the total experiment time from peptide synthesis to
immunogenicity analysis; down-scaled to reaction system into 96-well plate and achieved the goal of simple and
rapid screening of immunogenic peptide.
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i 96 P B 928 7 925 R FH T4 B o) e 988 R S P e
JiR PR I R 15 3 A % R G 0t R 3 A 1 A
F, G 2P R I WA RSO, oG B ) AR
B, e IRIR T R T A B, BONBRIR YT
TR IR TT 2459, JUH R e b A mi Al
il AR [ 20 40 A 55 T9bk B2 40 i AH X BT J5 -4(cytotoxic T
lymphocyte-associated antigen-4, CTLA-4)F1 £ J¥ ¥
HET- %2 R-1)(programmed death receptor-1, PD-1)E
PR S JioRg v BT 35T A T s R
S 2 TR RO DL R ORE o T 4 ) AR ), bR g
10T O RO R 2 IR i BR AR VR T 7 20, 0 4E
AP 2 AR KB H BB, s 1) e 16 97 G 2
2 0 G 2 T T VRSN S B R TR . R A PR T
= 41 i (cytotoxic T lymphocyte, CTL), 7&T4H i 1)
/NI, AL MR 4 i R ) N R A o R e B A
S BRI S, 5 P 6T SRR AL T R RE
FEPEPUR IR 5 AR B, Jo 10K F IR Bt 5 72 B A
% A BT I 32 48 (chimeric antigen receptor, CAR) 5 1%,
HAZ 0 HB I SCRF T8 5 40 T 100 ik g 448 A
SR, IR Z AL, e T e T R A 5T 2 AN B 1
(R o 70 D5 AR e R0 A A AR A1 555 5% )5 1 AT RE K
A 2 B, R IS A A v B R R A
o R AL B ek /D0 R, B T — s SR R R AL
(epitope) NN A e 1R YT (R FE A, 2 RREyT 2K IR
8

EORTZM MU AE I PR 254 52 F A 7 b JE
AL T S, AH A — 77 T T RN T A e S s
SN A BAE B AR, S — 2l T
K BITHH P3N K S I AR TN M R AL A7 AR, fi15
FUR AN % g I 1%, 3 B0 R 2 ) RO A% 1)
BOR. R TTSRR b, S JE M 0 2% G i 9T R
T M AL ) B AR MR 5T AR B A A, ROt 3 R
FHR & 22 IR B I T 4 i i) 2204, AH E I R 2 R
(1R 2328 et g TSI iy SRR ARG Y B Jid 122177 0%,
JIK % i (peptide vaccine)Re 5 K% B2 i 4 40 977 16 75 72
A 75 B I TR] 0 R R R AR IR A, 42 v
RO RGN B BeAh, IR T o TR
THE T2 M 2 A7 T I © BUAS 35 40 B SRAEATS 75 2
B, ZkGE A B F AR S5+ (major
histocompatibility complex, MHC)J i1 & A1 T M 7£
BT RALWEE W R FE b B B S bR A S, AR
VIR 77 v T B A SRR ) 2 K, A O o

MHC &5 37 J P %of B 0 0 5 2 A7 2 (A1 A7 76 B 2 [ 22
B o e e 2 5 e o = Rl s 7 1 B M
Bt SR

TERIPUE R AL LI T7 3, B T RTR N
BEEIIRGEBE, Fofh 753K F B2 TAH B B2
MEL, a5 S0, DY B Ak i 2ok I0C7 K 240 i [
T WS, s E B AW EREA H & KT7
PRI, 9K 4Rk (gold nanoparticle, AuNP)GE A Rt
18 G % JE e o O B BAT AR AR, & — i
7E B I8 S 8 ¥a IT AR R #8044k H 1T, TNF-o(tumor
necrosis factor-ot)fi X [ 44 2K 4 UKL (CYT-6091) FE LI
it S S8 i B rp A3, HL AT DI S 22 18 s BR P
YK S RIORL A 241 it 5 55 975 B RO ATL A BB ok 1 RST,
TEAR AR TSR 1 . 49K M0k K /NME T3 nm3
100 nmZ [], RERIR EL 510 M2 40 B 4 A, o, BAR
FE50 nm/Ze A7 FIRURL s 1 ds e R 20 IR R, /T
15 nm [ FORL B8 I8 I A% FLE, J8 IS e AL S 5 K
(nuclear localization signal peptides, NLSs). 4l il %
JI& ik (cell penetrating peptides, CPPs)BY, # 2 14 #E [r]
2 RIIAE L, 49K 6 F0R0 mT DLIZE N 4 A sl 40 P
TE SRR R oIS R IR, Gt B8 BEAB I I 40 K 4=
RLE IR VR TT R R 0] IE A i o4 i #E RS, IX
TR R 22 4 (AR M A A K 6 UKL R 1y 2 A5 07
i B FEAR AR . DAGK SRR BRI R U7 S
RS R FLIE . MR DR JEP ., I 2 4% G
TESFAR L, 7 22 ARG E 7 T34 SR L

AT T I AE G K B RO R T 5 1 S 2 B TR
AV TR o8 < ot S S AN K e RIORE AT 22 IR PRI S 45
PG AT iR SEg K SRR 5 G i 2 IOY BB K,
T S PRI S 1C SN oK £ UKL EE N\ 4 Mg, e ik T2
JH A& 75 43 Wby~ 3 2 (interferon-gamma, IFN-y) ) %5 E
S, BOAEAN[F] 2 BRI e SR . Ak, AT —
AR T Z AL S UNpH . SR B R R4,
AN 2 25 A 55 1 A 8 22 UK ) 7 a2 T 228 92
o3BT BT, 9 Ll Dl 4 0 e 1 R 46 /D 2296 FLAR 1A
Z, SEI AR R iR A H B AR T A B
FAT = BT B AR AT Ay o AU T 52 it Ok B 4
I SCRF, SLIRIHES) IR RS HE S 1T R B S5 M H

1 RIS E%E
1.1 REEMZEEE K
42K 4 WORL(15 nm) A] PL 5 i3 AR S Bt JE R Th
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- BRE T

BEEEZ I H 28l A e B L S St . st ik
M Z Mo, AT H SRS BHERRL. H
W, 95 1~75 £ Ik WHLA-A*0201%(MHC-12§) L
T 5L, 2 s AE /T I PR 56 25 AN TRV AR B
(1) Fa g% R REPE1, 845 Z JIK [F N HLA-A*0201, H T
FUAR S 28 J MR AE SR 56 o 152 B D P MR X R AL 10, 9
% ik HNanti-rat OVA257-264, |3 FH 7£ 4H il 45 Y S 56
i 105 Z KRS RGDFH. 4 2 k& id %
Z 7 i SR BE (fluorescein isothiocyanate, FITC)f&
Ui o 2 B P 22 i I 9 e BB A . 9K 4
FIORL 55 22 JU 1D £ B0 2 &4 55 B 55 A 1 S 56 1o 2 1
UK
1.2 REFHS ZRABE

RN, Bl AT LS 40K SRR A 5
BB, B 4G, 520 pmol/LIYPEG(methoxy PEG-
Thiol, 5 kDa)F120 umol/L{1) 2 IKTE B0V H S8 AR
&, TR Z IS & 53R 2 B (PEG) B /R EL AL,
SR, BHREINNEN15 nmbT e £ Ak 9K 4
(1.16 nmol/L) A H, T i 5 5 40 K 4 0k 1 B8 7R
Eb(LL R T FR A BR 42 BE 2R EE) A2 500:1. iR #E 4/
PEG/Z KIRA Y1 h, ORI -5 Fr 15 FR 75 99K 4 50k
e 4s B, SRJE, 12 000 r/minS 0230 min'E HE 15 B
SEW. 7 LG, -GS A FR I g2 il B AR
HEW. AT IRE BB, TR R
PH A 6, (R4S BB 4K &k 5 Bt E &
YI1E380~610 nmis K2 B W e Aer A5 3] o
1.3 WSSRMARADHI &

FH 141 B 3 5 ML (Fresenius KabiA & ))&

e B 955 N A J i B AN A% i il (peripheral blood
mononuclear cell, PBMC). &M NIREEZ)2x10°4
PBMC, HAIM-VE; 7% #(Gibco A &) Pe2i 5, #ik
£4x10%mL. RJ5, BPBMCH% & £L £11x10%/mL4%
Pl 296 LR HH 15 722 ho G EE 200 i in N B SO0 441
(dendritic cell, DC)#% 7 (7% 100 ng/mL GM-CSF.
1 000 U/mL IL-4#1150 ng/mL FLT3-L)i% 5% 7% & 5%
HADCHH . T4 48 i K] -7 34 ) K H Novoprotein A
Gl
1.4 293A4RAEFIE R AREAYH] &

FRDCHH M 4, ASHF 78 o I8 B 2 7293 A4 i
ME WA . FIDMEM#: 7% 5 (Dulbecco’s Modified
Eagle Medium)%% 7293 A4 A, 1.0 mmol/L 74 Bl B EH,
100 U/mLF 2 £ 100 ng/mLEEF 2, I110%464- 11
i (fetal bovine serum, FBS), 7£37 °C. 5% CO, /% 11
PR RE S R RS 7%, B33 dfLAR, B34 & A 4n i
Tz, /N B TS 500 pL il Ad A b, Lk A 3
72 W A AR R, WCER AR MR, T71 000 r/min
.03 min, PBSEE3VK, MRPMI 1640, #£37 °C 5%
COL SN BE 3 57, 453 dHE e IR dik
1.5 ZHAIRENAKR & TA-ZRABIXE S

WIAT AT, 85 % ' B R S D C AN i 5% e
FITCHRIC A K SRR -2 IR E A5 DL, 1] Bt
Ui, #4150 uL(Z k& N60 nmol)f%_E iR 5 e 1
YK RR-Z K E AP EI150 pL & A 5%10°4>
A B EADCHH i (1 855 72 48 R, K5 972 h(37 °C. 5%
CO K MFNIE ). b3 5 20 it FH A= B R /K w2 vk, FR
AEAEA B SRR T 2Ok BB . A& S

R1 ZRRIERARIESE SCHK38-42]182%0)
Table 1 Peptide information (modified from references [38-42])

EER) Z kAR Fr3

No. Peptide name Peptide sequences

1 hAFP137-145 CPLFQVPEPV

2 hAFP158-166 CFMNK(FITC)FIYEI

3 hAFP325-334 CGLSPNLNRFL

4 hAFP542-550 CGVALQTMK(FITC)Q

5 MART-127-135 CAAGIGILTV

6 gp100209-217 (210M) CIMDQVPFSV

7 Tyrosinase 368-376 (370D) CYMDGTMSQV

8 p53 (149-157) CSTPPPGTRV

9 OVA257-264 SIINFEK(FITC)L, H-2K" restricted
10 Peptide containing RGD CK(FITC)KKKKKGGGRGDMFG

65 LKA T QIOMFRZE KT 12105 A FREAR; 75 2 AP (370D R ZE R RAEL K 513705 A RAHTR -
Peptide No.6 has methionine at site 210 in its sequence as indicated by (210M) and peptide No.7 has aspartic acid at site 370 in its sequence as indicated by (370D).
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Fig.1 Schematic diagram of gold nanoparticle-based screening on immunogenic peptides

L ¥ {2 /i % (transmission electron microscopy, TEM)
ELAEIL A0 B L N oK & 0K RE J1T, BT DCZH A
FEA S PRI, Joikii 2 U1 223K L8 S TEMWL S,
D] It 25 FH 293 A 2 it o 0 248 i 456 X 40 K 4 ROk 1) 175
Wlo LR, B3R L1x109N293A40 i, FI15 mL
YUK SRR . AP M USCAR I 2 5 R
T i FTHITACHI H-7650i% 5f Hi ¥ 2. #3556 A L
RS
1.6 FEEXSE R miiie

PSR S VT2 L I 25 e I A2 3 ok P K e 2 B
533 56 (enzyme-linked immunospot, ELISPOT)#4: I
IEN-y RO R ST, ST 56 1 B 346 A 2H (40
A7 T FRZHE L B TR ZH A o o) B2 e A
[7) 4 2 (1 S B 20, {3 N TFN-y Tl A 4 ELISPO T 771
SRR AR AT A PR A w)BEAT R . E5E
FH200 pL3s 733 TE B AL, 2R /54100 pL 3 1x10°
A2 B PRV A N B B 2 0 HE 2H A0 1 & S AL,
2N BRI AR RR S TR R . SRS T FH 4

PBMC, 7E BH P4 % FE ZH FLin N BH P4 513855010 pL/4L,
S AR B IR T ON 3 B P 6 R A FL, 9 R R T 4
KEThi-2 KB AP E| %5256 fL. 37 °C 5%
CO. H20 hfE, 14 °CHEE T /KE#10 min. H
WA IR PRSI fa, BEFLIN100 pLAEY) =
BRAIFN-y L FiE B 1 he BHE FRGU BB, &
FLAN100 pLi) R S MK -HRP/E M &1 h. FHESF
EVE RS, SLIN100 pLEH Rl B AEC & (A, IF
LI BB E20 min2 (. RSB RUE FIEW, W
EBEFKUESE TG, HIAGTSLKHR, FBioreader
4000-PRO-X(Bio-Sys, Germany)it # 4% i 17 B & 52
HY, PR RSEIG i B3N R LT IE ST, 3O E
59 5, K Origin 8.0 FHEAT i 244347 -

2 FR

2.1 PREBRMEEIR M ZIKEEE
®BHERARMTER T, Ll R 8%, 90K%

TR 5 P38 J5 1 22 O 8 6 A T 2 5 W 5 AT B
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Fig.2 AuNP-peptide conjugation at isoelectric point
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P R i 2 JIK 9 [STINFEK(FITC)L, H-2 KB restricted], ffiZk 1 v4K & 5000 595 2 KD B I05 F1 70.2% Tween 2011 £ B 17 58 5 45 3,

142239 0 25 A 0D YK L 1045

Peptide sequence SIINFEK(FITC)L was chosen in current graph. AuNP conjugating with peptide No.9 and resuspension with ethanol solution

containing 0.2% Tween 20 was shown as curve 1 while its resuspension with physiological saline was shown as curve 2.
E3 TRIFHBEFIITMNRETHR S 2 BB R AT
Fig.3 The effect of different buffer on AuNP-peptide conjugation

FRE 26 T IR1G ). 2878, 105 Z JIK[CK(FITC)
KKKKKGGGRGDMFG]5 44K 4 ik 75 i (4:pH7.5
IZAT T BRINEI . W RpHANE B, 9HK £ M0k {8
R IRAR, 22 HITTRI SR, SEBURBRI.
IEAh, S AR, AFEIpHAM T, ZIK-PEGH A4
TN B GHK S FiRi 5, TR A2 M2 )
% NGE

S I6 1% BN 95 £ K[SIINFEK(FITC)L, H-2 KB
restricted )i 7 AS [F] 2% o i o Al e 45 SR 52 . 78
pHS.811 26 1t T L IMB B 5, 430l FH 25 B8 17K fl A=
FHE KRR E A Y. 45 R EoR, B
JIT FIPEG HI A= 22 8 /K AR B0 AR IR 52 & W F AR B 26
KRR, N oK B R K H T I B KR U
AT BE A R R, A B ER K AN S TS T VA TR AR
SEME. MPEGH 258 1k B I HAREAE &9t

LETFKERR, MRERIESELERREEY
B OE NEE LR RBFE. S H50.2%
Tween 20/] ZEEE K E BB E G, BOEA
BERE 5 R B B E . BR3ERTISZ
FK[SIINFEK(FITC)L, H-2 KB restricted] £ iz fH:pH5.8
IR BRI E0.2% Tween 200 Z VAR E & .

Wi 4 BE IR L 22 B o 22 JIK 7 91K /N T 22 kA AR
(1) 403 T A o A S T P B TE T T 4 o
AT e 46 JBE R EU 1) AR, 2 B R ) 02 R 1 2
R R B SRR R T e . 45
SR, B EE IR EE A2 500010, 9K 4Bk 5 £ ik
FRIAR I )RR e e o B4R T 2R R [R] G 02 R 1
Z ik, 95 £ JIK[SIINFEK(FITC)L, H-2 KB restricted]
F1105 £ BK[CK(FITC)KKKKK GGGRGDMFG] )
59K S BRI, RUSHE AN [F 2R T 280 A [F]
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Fig.4 Characterization of AuNP-peptide conjugation process with different mole ratio of gold against thiols
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Fig.5 Characterization of AuNP-peptide conjugation process in 96-well plate

B 4 B IR B R AN [ R AR R 0%
2.2 G/ MEARFIESI S IFIE

T IECINAE B AR R R, 9 2 Ik
[SIINFEK(FITC)L, H-2 KB restricted] £ fx f£pHS5.8
i, 590Kk e Bk MmE. AR —-BL0EF, BE
20 umol/LEEARFNT7.2 nLZ BEFIPEG, RGBS /K th ol
Lile FIBAPIMERLAR NS nm P FF 5 R 366 B
1100 nLgh K & okl v, = 5 4 £ 4/PEG/ £ Ik IR
BN h, R B AT AR R AE G OK & RN R T 58 42
e, RETEE, MEKEEWHEES mLE O
B, 12 000 r/minf 030 minZli Ak B B2 A W09 2%
B FiE. FH100 nL50.2% Tween 200 2V 7% 5 2
BIERE S . EISER T380~610 nm )i il LL
UESCARBR LT o
2.3 BEESYIMEsoIE & BRI

gk 4 kL 5 £ IK[CSIINFEK(FITC)L, H-2 KB
restricted X E & H LR T EREFKG T &
o AR AP BIDCA LS, 7 5 0% &2,

4. 6. 16 h, B AELE, 40T 9O BB .
637~ 1 2t L AS 7] B[] £5 B4l K 4 k-2 K &2 &
BRI L, A R 0 K 4 RORE R 7 ik o g DR 1
JK B 77 V22 T AT I, LR B [A) P 460 &2 h, BIE
— B B GNK S UL R 2 I N0 A

A, RECE A Y5 B I A BIDCA L, E
Wik 40 B A293 AZH L Hhr, DS I AS [R] 4 e B 44 oK 4
Wiki—% BKE S ifE ol . 78R 73R4l
DASS UG K G Rt IR 2 AR I S

1 T DCHH >k J5 PR 1, H bk S 56 O F B,
293 A4 AL [ B e RUCE MK & 0k, i e F B
S v BT R B K E A M, ASHIE TR 293 A4l i
AT PR S50 W 5% 240 M R oK e Rt SR 2 KR A
PIEEHUE L. 45 FanEI8FTR, AT WLANK 4 MUk it
N, (R R BII S, 35 SL596 26 T g
i ZE— k.
2.4 FEIZRFHNMEERRERMY

S 6 48 FHPBMC#E ATELISPOTHS M, LA A AS
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Fig.6 DC uptake of AuNP-peptide complex after different incubation times
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Fig.7 Uptake of AuNP-peptide complex by different cell types with 4 hours incubation
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5 B R293 AN A, B A K53 5 R 293 AZR A R BN R, B =4 A3 SR R B A I LB B OBOR . B R A AR R
YK RIORLLE 0 A (AL
The first column images show the full view of 293A cells. The second column images show the selected view of 293A cells, respectively. The third
column images show the magnifying view in the second column images, respectively. Red arrows in image show the location of 293A cells uptake
AuNP-peptide complex with endocytosis.
&8 293ALHRIFENANK & Bk FL R 1A
Fig.8 Evaluation of 293A cellular uptake of AuNP with TEM

b WERA A FRIR AL BP0 WA L BRI ZE 2 ol S ZEL AT ol S 2 TG G S P TR R, BP0 B 2L A O B 4 28 S B s B
T B IR G 022 KR A 4104 20 30 pL2, 43 504 A [FIFE P 1) 2 S P B R it

Top row: from left to right is blank, negative control and positive control. Blank and negative control both has no immunogenic spots formation.
Positive control has large number of immunogenic spots formation. Bottom row: wells show immunization spots of PBMCs uptake 10, 20, 30 pL

conjugation complex, respectively.
El9 ELISPOTSZIAEM % /&2 R 14 2 BRI PBMCABRER, R R BE R

Fig.9 ELISPOT assay for immunization spots formation with immunogenicity peptides stimulation on PBMC
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1. 2. 3 HNIIAG K G b2 BAEECE 59104 20, 30 pL4.

Immunization spots formation of PBMC uptake of conjugation complex with a volume of 10, 20, 30 uL as shown in group 1, 2, 3, respectively.
El10 ELISPOTSit4ER
Fig.10 Statistics of ELISPOT results

IF1) 22 Ik N0 L J ) B8 S e, AR AR SR T 4 i
IFN-y7K P FIAS [R1IE BHAZ 0 38 5 ik Bl AT 1 191
S5 IR, 1525 6 IR R JCIFN-yBE ST B, 1 BH 4
XA K BB U R, B T R o b B
RIE AL TESZIR A, TE R BE & AN R E R T A
PR R R P JFE . I ELISPOT AR {3 52 Y
SEIEIE G, a5 R0 . Bl SR, PRI
PBMCJE S B sl & 5 BT & AR . 3 m]
RE ST HH T PBMCEH A (1t 255 iy £ 0 P 2 BT 1k 2
ANFEFTEG B SR &40 10 Lt 56 24t FHoAh

BB B AR R T AT BRI AR A — e IR Rk

3 iTig

I 25 5 R 57 0 8 PR, 1 8 (1 96 97 3
WA TR AR P Ak, U 3 B A
T, BV SWTRIRS M T . o, R TR A
KL 7K S % R0 % 2 S DR HEAT 52 iz 9697 L (RS WA
U6 PR s R PO ) P 26 R v P27 1 Sy —
AL I R A R T R, B R IE 2 SR (K
F33HE, o R P B K O A 3T FF T RS ik oy 7
ALK T T e SBEIRITAE NG FAR . BT RULIT 2
5 10 565 DU DK BT v B R, A0 BE B LR LI
G 9 A0 061 PR R 9 9 o ) B B — AR U
Ao TR R % G0 38 T 22 S SR TR IR, 1 AR )
iR o I R 5 BB M TR B, M8 S R 9 L
X R B R KRR

AT FT NG G UL R AT 1R BRI R BTz
A N NTF, 5 P05 2 AT S s
PRI HL A 07 . 7E SEIR FE H, AN b % A
ZH, NGRS URL S 2 IS B (pH . e i
R MBI B EERE dHMi IR E &
VI et (A1 55 280, Sl s AR IR A 1F . D I
FR FE DA B F i RSB ANF 1] o 7 22 R a2 SR P S
HH R D S E A [F) 22 JOR 1) B 38 SR 1 o e A, I 93
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