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Mg b, N2 KRAS 84S 7E o 4 i [ 3R B ok, 8
T R T VR B ) KRAS 2878 3t AT LA SE B4 9 4t
IR A RS, B A iR 5T 2 I 28 48 1Y) KRAS R 20 7E
PR A0 A 0] LAE 5 KRAS 2848 0¢ 520 T 41
SRR, KRAS FE A48 K85 M T 4 A 4 380 ) vl LA
A B KRAS 2875 il J2 41 i, FE 40 i KRAS 28 745 Jifr 83
.

AR L 3o 38 i1 KRASQOM 545 1 WL HT Bt I £ A
N PR LR R B0 G g B N7, 38 A 98 928 4 i
TPERY . Bk KRASQOM i J5 a4 28 11 Y ROk 261k
AU J Ad-SNP1, Ad-SNP2., Ad-SNP3. Ad-SNP4
5 B TR SV, K L S N R 22U, s 0
iR (A FR AR Ak, 76 25 245 I R DU /N LR PSR T 400 it
ARG B o AR AU 4L 2, 4353 #F RNA J2
T 112 1 2 T G 0 g 2E 2 Ak T 41 A 3R i 5
S5 R, Ad-SNP1 3 i 3 ke a5 /)N R Py 58 1Y
G g8 SN, DT 325 381410 ) ek 9 A= A A 38R, SRR T
i 3 PRI 0 T UG I i 67 ey ok 15 2 400461 o9
A KSR TTAT Y, TR O 8 T AR AT 1 e Tk AR,
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1.1 EEFERRSIKA

A SC i FH 08 i R BORL B A SE 9 = R AF . SNPIL,
SNP2, SNP3, SNP4 J5 4] f1 b 5t 75 45 H R AL P B} 47
A PR FFEAT AL Al R PR R N DD 1 I
NEB /A &) ; T4 1% $: if 1 [ Thermo Fisher Scientific
22 W) ; DMEM (i Wi 55 3R 2 | iR 4 L (FBS) 1l [ 56
[ Gibco /A 7l; Human GM-CSF DuoSet ELISA ] £
W A 2% E R&D 2y Al ; $it HSP70 (Mycobacterium
tuberculosis) #1074 W | GeneTex 2y #] ; APC-Cy™7
Hamster Anti-Mouse CD3e., FITC Rat Anti-Mouse
CD4, PerCP-Cy™S5.5 Rat Anti-Mouse CD8a Il H 3 [#
BD A5 C57TBL/6J /1N I VL5 AR A% 25 e LE W R4
A Rl AR B 40HE (HEK293) 14 [ Rk Be L i 4
0P 5 R VR 9 AT B (Pan02) ) [ L 96 BEHAAE A= 4 Bk
FA PR 5 [ 561800 &8 A TaKaRa 2375 QPCR
SYBR Mix Il [ F§ 50 it ME B A= W B Al . NI
KRASQM KL P 1o 4 35 152 55 B 1 1L R 4 5L A= 90 2 )
(TR
1.2 EFENHE

AL TAES (B B g & A R, CA-

1390-1 &), — S fbAR 5548 (Thermo Fisher Scientific,
BB150 &), 208 & 1 i 5% (P2 1E Pk < Leica 23 A,
DMIL ), ZIfiEfini (35 Bio Tek 2\ Fl, Synergy
H1 A1), & &= R E P 1 L (Analytik Jena AG 2 #],
OTOWERS3.0 7)), =l 21 U B (I P4 /R A=)
BHEABR 2 A, KZ-1T ),

1.3 XWHE

13.1 At AmEa s RPN KRAS ¥
S LB T RAS A A5, B IR AR A 2] SNP1, SNP2,
SNP3., SNP4 351, ¢ F [ 5 51 $ 22 JL i 7S A AR K S
OB A BR A ml i AT 2 5 A . B A U 1
SNP1. SNP2. SNP3, SNP4 JF 4l Fll 52 4 % B A pAd
B SRR S P O il A T OLRG D ) A
A7 SRR I FL UK, [ SC T 5 9 A i 48 B S B
ISR R BE, W5 T T4 % 422 W U A7 3 422 B A5 31 A S
Fris 0 4 A BRI IR AR . TR A B AZ A5 A, OF
VR AT AR 75, WA B B T A P VR Pk R R, B
W& M B IA T 5 T8 0 il BORL ] TR RE L . A
CH BT H B Ad-SNP1, Ad-SNP2, Ad-SNP3, Ad-
SNP4 Jijg 75 f U3 | B fatifb i i 48 LI AE PRk
B F TE

132 mpasEik RoomF AL KR M IR FL o
#110% FBS Fl 75 55 % Ak 55 2= CRVA TS 40 1%) 19
= M DMEM 15 772 3%, 4 i B T 37 °C /Y CO, 41 i &5
FEA G % . HEK293 4L DL 5x10° 4~ /L 1% 2% 1 2
6 FLAR, 75 B FL N A0 A R 3R 2] 70%~80%
iF, £ LY 1x107pfu (1) 4 R 2, 15 9% 48 h i b
5T Elisa 5250, WA AL 52 B RNA ] T S22 525
& BHE R (RT-qPCR) 5256

133 84, MR RNARIR & Real-Time qPCR /%
e T 5 B AN Trizol 2B RNA; X T/ LAY i
JEL L, N Trizol K WFFEBE 5] A B H2 B RNA,
PERCAT 2] 19 RNA HEA JE 47 %€ &, J5 F Prime Script
Mix i [ 5 5 45 5] cDNA. AR 5 J5 22 52 56 i 5 (R
BB BR R, I 1R R K cDNA, XK IR i’
SYBR Mix, ] RT-qPCR £l 7 RNA /K I 4% i+
B (R ZR R 0, A B A S 35138 3 AN L

1.3.4 Rt A XN BT R FE BRI, BB i 250
1. EP(Eppendorf) 4 1 £ Hij il A EDTA-K2 #it #E 7 ,
PLBER TR W N 1.5 mg/mL, ILRERE 1 3848 /R B W)
AT B R HEAT I8 AT

1.3.5 RX e RKen ) Z oAk mis X /N
SRR AT AR HE BRI (78 EP 48 45 15 i A 25 48 bt 5
F1), 4 % Mk B A 2 uL APC-Cy7 CD3e. 1 pL
PerCP-Cy5.5 CD8a. 1 pL FITC CD4, i% & 4 % fe 4,
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EEIEE 30 min J5 HZL A0 MR AT 2 YR LT A0
WERR, AR ER S vl (PBS) YRS 1 WRJE 0.5 mL
PBS ik, fi e A0 Wk i 5 i X L.

1.3.6 Pan02-Q61H#m At Z A3 1 5 BRUUR s it o 4
Jifd (Pan02) 21X RNA FF-lJ¥, iIE5E Pan02 40 il 2 h AN
T KRASOM 2877 o 3 A KRASM 2875 [ 1 55 75
PURIL G %50, 172 /MR BUR YL 11 % e Pan02, Jf
FH B A 30 22 e MR R4 25 1 M 57 A B SR M 3R L
R, ok B e 5 1O A0 AR (12 i R R T A A
Puromycin HUPESE ), H BB M 4¢ GFP 155, ik
TR IR 0 RO S S A 400 D 9 X 4 A SRS T
GFP {55, B GE 5 6 40 i 5 Fe 491 o TR] sk i 400 it
JF 42 B mRNA 17 RT-qPCR #5:1] Pan02-Q61H 4 g
TE mRNA 7KF | KRASW 45 ik . Ff RT-qPCR
PR FRHEST PCR 473G, 4738 7 M)k AN T, 95 TEAS)
AL

1.3.7 Pan02-Q61H /) RAS A7 52 36 4 & I 10 4IF 4
() Pan02-Q61H 41 fiT, 45 1 K (D1) LLEz FyES 5 =
K 8x10° A4 i FPE CSTBL/6 /N R A 15 35,
B 5 100 pL, A8 8RS R /N BRUBERY . g dRd /N
SUBENL S A S 4 (n=T7), 53 5 A SNP1 41 . SNP2 4 |
SNP3 4 . SNP4 #1 [} & Control 4 , 7£ # # J5 45 8.
14, 20 d, B 2 /N EUE N ST 5x108 pfu A N (4 Ad-
SNP1, Ad-SNP2, Ad-SNP3, Ad-SNP4 j% 4 Fift Jj5 i,
FESHRFL A 100 L, S B8 20 /0N BT 76 XoF 107 Bsf Ji) 8 7
SRR ) R AR5 2 A R VAR, AR 8 g AR KB 0L, 19 3 d
AV — Y JiebEg 8 /DN, I R R R RIS SR 4
E, TR KN (0,53 K x582) o FESS 34 d AbFE/IN
B, Wi PR 4H SR R

138 DRAZMARLFERAFE RHZRH
TS [461 5 i 98 L 40 J B B L RE R AT A 8K, R T
M ZWIRATHLUE W, 5 dE TR W R a3, 755
L AURE A B, B B S, F A ) AL
VIR EE R 5 ym YL Fr, V)R WG T8 R b kA7 )%
R s RS KR B AR R R . AW R e
YU B R AT R, 5 ARF B0 3% it Ak
U E A PN TR S AR A P T T, T P R
P 3 A S A A, B 45 TR 08 N Y CD4,
CD8 Fil CD11B $ifk, 5 J5 F DAPI(4',6-— ik 3 -2 2%
BEng| e ) X 20 M AZ AT Y 0 )5 B R, B SO s
(LRSI DS A

1.3.9 %t oA BT 0 S2 56 4 4E 35 ff A Graphpad
Prism 9.0 #4742 150 M7, IR 2044 Student's t-tests
K HLPH & One-Way ANOVA HEAT43#Mr, A7 45 1 1
RS- Y (B bR 1 22 (SD) i 4T 2R o P<0.05 F£/REL

WA THE L HA B EER, *RIR P<0.05; **F
7N P<0.01, ***3E R P<0.001, ****3& )X P<0.0001,
Western Blot &l i~ DL K 58 ¢ SGIE - fdi ] Image J 42
JH4b R, 3] Graphpad Prism 9.0 #4750 43 H7

2 HR5H®

2.1 4 FEEHERRIEKERD

BTF IR G 4 Fh R IR Bk, g5 SR A 1
Fim. I 1(a) AT L, 4 FhRIR AR A28 B
B, 5 1A IR & B 4 g% (Cytomegalovirus,
CMV) JE 8T, & £ Fh KRAS 24807 o5 (1) ik Be fl &
4 [ 70(Heat Shock Protein 70, HSP70) 4314 5
P 55 2 ik &l TK RS 351 LA KORE 40 it - 1 1w
41 g 4E V% ) 3% I ¥ (Granulocyte-Macrophage Colony
Stimulating Factor, GM-CSF) ¥4, #53#&ik#kIA& SNP1,
SNP2., SNP3, SNP4 H1i] KRAS RAFFFHIHEF | # 1%
72 LL KA R RN, H35 5 Q61H 2848 ik B,
V5 A8 FE 5 6 E TG 5 11 J5 e 6 2 R 1 K 5T 5 31 Ad-
SNP1. Ad-SNP2, Ad-SNP3, Ad-SNP4 3% 4 Rl EF

JH] Ad-SNP1., Ad-SNP2, Ad-SNP3, Ad-SNP4 Jajt
N LR 4l 2 (HEK293) J& #6301 GM-CSF £l HSP70
BRIk, R aE 1(b) M 1(c) Frm. MR, 4 Ff
Ji§ 5 1 HEK293 ' GM-CSF & 1 47 #ik, Hi Ad-
SNP1., Ad-SNP2, Ad-SNP3 41 ' GM-CSF % [1 % ik
R 4y B R T 131142, 105.031, 112.932
i (P<0.01), Ad-SNP4 41 ' GM-CSF # [ R iR F A &
YeH PR T 51.2654 1% (P<0.05), Ad-SNP1 4 1 GM-
CSF & [ £k 35 Hofth 3 20 % 5 [a] of e e 48 h
WS 240 i $2 B mRNA, 3 4 52 58 8 PCR A3l mRNA
JK3F | HSP70 %35, Ad-SNP1, Ad-SNP2, Ad-SNP3,
Ad-SNP4 41 HSP70 3 ik 8 R B YL 4l 4 42 & T
25864.5. 753.396. 8411.12, 2940.8 {5 (P<0.01), Ad-
SNP1 £ HSP70 3k W 3% 5 T HAth 3 4. Fik4sR
F W 4 B0 7 78 4 M2 AR R R Ik, (AR BKOPAR
], Ad-SNP1 K ik f% i, H K JE Ad-SNP2, Ad-SNP3,
Ad-SNP4 KR A . Ry T 3k — 201 K8 18 O IT i
TER IR AR, FEAR N1 i — 20 1 25305
22 4 FEEENREREZEIEN

CABFFEUESE T4 7 52 A8 6 A5 A KRAS 174 ik
P25 VAR S AE AE A T RE A5 R B R S SRR, R
WF 5% ¥ Ad-SNP1. Ad-SNP2, Ad-SNP3. Ad-SNP4
4 PR EE (n=5) iB 2t J N ST HEA C57 ANERIR N, F
I oh 1x10° pfu, PEA HAA P9I 55 S Y RE T -
A SR U ARSI 22 K 45 25 AL, DL
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s [ ] ) i
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5’ITR Promoter 3’ITR
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(a) Schematic diagram of four plasmid expression vectors
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Fig. 1 Four vectors construct and expression level detection

T A G RN P R A — KR8 R SR 2 R R
W, B g 4 RR S, 7R L IR 2G5 I0%E 2 d
(D2) Hifin, 7E 56 1 YR 45 24 J5 W J) L AH [R] 1) 7)o 10K
Y520 (D14), 55 2 IREA 25 )5 575 6 d (D20) BRI, A6 1fi
W A 40 2 (White Blood Cell, WBC)., % 40 fifs
(Monocytes, Mon). i [ 4ff }fi (Lymphocyte, Lymph).
P Rz 40 it (Neutral Granular Cell, Gran) Y 48 4k 1%
B, R F W 4 T BE GRS LA G2 B 1Y g

551 IREA 2T 2 d (D2) I H BLES AN 2(b)~(e)
FE7R, 43 M I RS 0T LUK B, AR 45 25 )5 2 d Ad-
SNP1. Ad-SNP4 ZH/NEUARN 40 . Siz i, ki
2 M 3 Fh A 8 AH G 40 i 5 X A 4 A H A R T
(P<0.05); ™ kL 248 s 75 Ad-SNP1 ZH /Iy B 9 T
(P<0.05), Ad-SNP4 21 JCH 2 T} (P>0.05); Ad-SNP2,
Ad-SNP3 415 A5 25 41 Eb 3R 4 Fi e 2 AH G 40 ifd
PR 5 B E Ak SOk A, Ad-SNP1 4 Fl Ad-

SNP4 ZH7ESR B 1 S120 2 d Bk /I B P (9 28 S

TEE 2 A 25 5 AU 45 6 d (D20) IfiL & M 45 5 4n
&l 2(f)~(i) ff 75, Ad-SNP1, Ad-SNP2 Fil Ad-SNP3 £
JINERAAR PN 3 4 o G 28 A DG 41 A 5 R 45 25 A0 LE AT
A B ETHE (P<0.05); fH)E Ad-SNP4 417E%5H 2 R4 2
Ja 55 6 d (D20) B /N ERLAA P 4 B G 728 A 5 20 i B4 R IR
2| 5 %t B8 20 A [F] /K SF (P>0.05), B K Sk &, Ad-SNP1
44 . Ad-SNP2 ZH Fil Ad-SNP3 ZH 755 2 YR B 4 e
55 6 d (D20) 1K AR it — 2 T B TR /D BRUAR P9 1 B s I
N7, T Ad-SNP4 2H 38k /I B PN 60 338 B 07 19 e 0 %
28, SR AHMERA BEEES .

W T 3 /0 B RASE IR DA 4 B EE 25
WOR MR S REBE J1 41, A SCid i 8 /N BRAR A o g =X
4N AR K CD3*, CD4*LA Jz CDS*T ik B 41 i 1% 2
I LA 2 f BE DT 4 B 25 25 0 0R /N BV I 1
P2 SN B RE T o
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Fig. 2 Results of blood routine tests in mice

RS 1 IR 25 )5 WG 8 (D14) B, 18 1 3 2 40 g
AW A1 FE 1 CD3*. CD4*LA & CD8*T hk I 41 Jifd 11
AL AE L, 25 R A& 3 R, Ad-SNP1 ZH /)N BUAIN A I
i1 CD3*, CD4*, CDS8'T ik [ 4fi Jfd 1% %5 &2t (51 A 1
10* >0 b B M Al A SR ) 5 oK 8 2 A b AT
JI & (P<0.001), Ad-SNP2 41 /)N K 4k J& 1fit # CD3*,
CD8'T ik 1 40 g 1) % & W] #F A TH & (P<0.05), {H
Ad-SNP2 ZH/]MiR CDA'T ik L2 4 i 7 5 £ TG 0 2 185
(P>0.05), T Ad-SNP3 #il Ad-SNP4 #H CD3*, CD4",
CD8"T ¥ I 200 fifd 11 %k i 35 5 K 45 2 41 0 |8 3% 22001
(P>0.05). M #1137 20 45 SR K &, Ad-SNPI, Ad-
SNP2 fE#5 i 2 ke /N B g% SO, {H Ad-SNP2 ke
/N BUBRE I I B BE J1 %8 Ad-SNP1 22, 1] Ad-SNP3 Al
Ad-SNP4 ASBEFHGE /N B PN e J I o

L5 AT /N BRI R 25 R B A ot i = A AR
S5, FUWr 4 Tl 35 75 /) UK PR BE BOES S92 0 5
Ad-SNP1 ZH HE /)y BRUAR A B8 S5 107 1Y) g ) e i 5 G
K& Ad-SNP2, Ad-SNP3 4, A — & St /N Bl e
RN BYEEST; T Ad-SNP4 ZHANTESS 1 W25 2d
(D2) IfiL & 45 R R 8 e siE 75, U6 W] Ad-SNP4

RS /N BRI P G328 s I ) i 0 5559 o
2.3 Pan02-Q61H 409 R ZAFHEM
2.3.1 Pan02-Q61H%m et & e A A 58 R H
Pan02 4 i 14T FL A 50 M7 4 Bl 2 X T A5 A g 455 78
M RERGVER o ARWFIEE Je kI T Pan02 41 i 2
7 & Ad-SNP1, Ad-SNP2, Ad-SNP3. Ad-SNP4 i1
) KRASM A5 7 55 o P 45 R 7, Pan02 A%
A KRASOM AR i (& 4(a)). #E—2, AHFFE(H
FHE A Q61H 2878 [ KRAS F [H 18 7% % wE 478 e,
A% Pan02-Q61H 4 il R o 45 W, 18 9 8 B L
Pan02 41 jl Jf- FIERS 8 R i B 5 , 7620 i T ml
DI R LR (5 (K 4(b)). T IAS IR
89.32% (1 Pan02 ZHAEALTI LIRS BEGL (1&] 4(c). (d))o
E— 20, A B GE A G Y A R HEAT T4
FE o 43 ) B R B Y Pan02 41 Jiid (Pan02-NC) 5
Pan02-Q61H 4 Jifd iy mRNA, Jf £ 17 RT-qPCR §" 1%,
ZERANE 5 TR . KRASW GE S 7E Pan02-Q61H 4
i ek, HER A iR R B YL Pan02 4 if 1) 378703
% (Kl 5(a), P<0.001), 7454 7, KRASQOM 445
A Pan02-Q61H 40 AL (K] 5(b)). £ F1/KF-43Hr
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Fig. 3 Flow cytometry detection of CD3*, CD4", and CD8'T lymphocytes
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(a) Gene sequencing results of the Pan02 cell line
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Immunotherapy of Pancreatic Cancer Mediated by KRAS
Mutant Peptides

HE Xinyi', TANG Dingyue?, ZHANG Jie?, DING Hao', WU Xia!
(1. School of Pharmacy; 2. School of Biotechnology, East China University of Science and Technology,
Shanghai 200237, China)

Abstract: Ninety percent of pancreatic ductal adenocarcinoma was induced by KRAS gene mutation in clinic. At
present, there was a lack of effective targeted therapies for KRAS mutated cancer. Immunotherapy had emerged as a
prominent approach for tumor treatment. This study aimed to develop a KRAS-targeted immunotherapy by enhancing
immune response of anti-KRAS mutation in vivo. We constructed four plasmids with several KRAS-mutated gene
sequences, HSP70 and GM-CSF. The order and linker of these KRAS-mutated gene sequences were different within
these four plasmids, but they all contained the KRAS?'™ mutation. These plasmids were packaged into adenovirus 5,
and their capacity of anti-tumor was analyzed in vitro and in vivo. The results showed that the four plasmids could be
well expressed KRAS antigen, HSP70 and GM-CSF in vitro, as well as elicited immune responses in mice.
Furthermore, a pancreatic carcinoma cell line with KRAS®'™™ mutation, Pan02-Q61H was subcutaneously injected into
mice. Among the four vectors, the Ad-SNP1 was best for inhibited the tumor growth. They also induced immune
responses, led to inhibition of tumor growth in a Pan02 cells a transplanted tumor mouse models which contained
KRAS®™ mutation sites, and there were significant differences in efficacy among the four drugs. We selected the Ad-
SNP1 vector with the best pharmacological effect from the four drugs, laying a foundation for further research in the
future, and hoping that it can provide new treatment opportunities for pancreatic cancer patients.

Key words: pancreatic ductal adenocaromas; KRAS; immunotherapy; adenovirus; gene therapy
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