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Discovery of KRAS G12D mutation-specific gene ANPEP

in pancreatic cancer and study of mechanism with AKT



Aol KRAS G12D ¥o] Eo]& §A A}
ANPEPYZ @ AKT ¢}9) 714 dF

o] LB L o|SYNEY RO A2

2022 2€



AoIRY o GHAIRS =B AFT

A0 I E Q)

AAE A A7 Q)

AAE A 24 (D)

£ddgdu dg4d

2022 2€



ZE90}
Aot gxke] 5 FEEL OF 11%Y el HA &2 o Foln, th& of T3 vluLsto] &
o] 7 w2 WAk Fo] shtoltt. gk My 7)o et

woll, Xk A oju] X E o] Qli= Z-9-7F Bol & & fst AAs A 55 W] ofH & AT

7} we,

AT F WA £ Bl AAG R Ao TEI S Biteta Fle] A7

2 sl Wol s 37| wiell =4 A gl 7)ek F7) dolk dojups A&l =t

A9l FoF g ol tigh A A7) o] 3|7} A | ofof shrt. o] & Bl E AT
A w A B el THE F S vAE FAA HolE SR A
Atk #Ag A BHE L {FAR HolE F, 7 A A skaL, 7 ol Ry ar
%+ KRASWIOI8} 71 subtyped, @A 8] @ AEES Hol& G12DS SHoE A5

A skt

7} WA CCLE public siteoll 4] KRAS type® Al ZF2] mRNA &S vl w3dle] G12D2)
Eold FAAE = 1S 233 a1, ANPEP2H= G12D 98 24 v, #4<
ARG A 8] AES2], AlEo]F oA el ANPEPS] 7]5& &213st7] $138) si—-RNAE &%

&to] ANPEP O] & Wa3lnh Bdo] shobxl T2 v thy] Al T4 53 Al o]

KRAS G12D¥o] 7oA ANPEPS F%8H4 7|52 1™ st7] flall, KRAS Wol7} §l=

MNEFE 7|Ho g G12DS G112V HolE &

krt
o
=

272 THSY 7120 AEF o

X,

B

o] %A g3

f
=
kel
>
uieu)
o
of
0of
o
2
>
kel
1o

37, AHE, o] B el #Holak= AKTS}

N
|
o



o dAug]E dolstgtt. 183 ANPEPS AKTO A#AL glstr] 93] si—-RNAS
gg3to] ANPEPS] Hd S Fo|al AKTY @do] Hal: 22 Ago g Folu= A5 &

Q159 o,

N

A ZFE 2838k mouse I 8f o] 2 A W8I G12D 15 2] T4 473 7 438l

d

ANPEPS$} AKT®] 9 &g g3ttt

AZTA, Aol gt Add FFoH4 75 AL Al2FelM sl e KRAS G12

HA = Tt

ol

Hol ANPEP 18] 11 AKT o] Al7FA] $4 FA52] A4

o

3lo
2

R4

TG A, KRAS, G12D, ANPEP, AKT

il



M

or
of
uig
—nTl

iii

;i

v

List of figures

A=

o
B
"

B!

37
39

!
sl 2}
Y el
el xa

41

il



List of figures

I8 1. KRAS G12DHO] Y] E0]Z] AR HEE ..o eeeeeeeeeeeeeeeeeeeeteeeeeeeeeeeeeeeeaeeeeeenanes 10
a9 2. H3A A EF oA KRASH O] SUBTYPES] W& ANPEPHHE BIIEA] i, 12
1% 3. MOUSEZE%, @ A9l A] 2] KRASH 9] SUBTYPEY] W& ANPEPEHE HIZEA ..o, 14
I% 4. A A EF0| A si-ANPEPS] 23 oA g}l 18
13 5. A A ZF A si—ANPEP Transfection § A| X34 o]% 391 19
T8 6. BXPC3_KRAS HOTA T TR TR . oiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeereeseseeseessssesesesseenees 25

1% 7. BXxPC3_KRAS ®¥lo] A|XF| 4] ANPEP, PI3K/AKT 4l

foi
(-
['181.'4
i<
r
DN
ﬂ

18 8.3 AxZF o)A ANPEP 2+ A) 9} PISK/AKT AT HZY B Ao 28

I8 9. A A ZF A 2] ANPEPEE A9 P-AKTS 28 % 3} pPROTEIN LEVELOIA] 841... 30

1% 10. 10.BXPC3_KRAS Ho| A ZFE &8 MOUSE ¥ 3} O] 4] AE .ooiiiiiiiiiiiicciccecee, 31

1% 11.BXxPC3_KRAS W] A| X3 93} 0]4] Z} MoUSE 7] A| k0|4 ] ANPEP, AKTZ& <133

1% 12. BXxPC3_KRASH | A7 93} o] 4] MOUSE %8 FA1 ¢} ANPEP, AKTS] A##A...... 35

v



A&

2018 o] ®xx st =7} oF FA wE H A =2 10 ol 8k, 5 d S5 oF
11%%2 2 10U 5 AE=&o] 7h v, 3k 2018 1857 =1l 4] &gt oF WAy &

& 25%01 AVFE S 45%% 3670 ¢ F F THAR APTEC] B AL FAE F 9

o
£

%
AT, 2], Ak 27130 5k wf-- o o-¢-m, Fgdeke] xggo] w9 ofs}sto] gl
s W A9t Bk ol e Ak A 9 A AgE oy FAA F sl
KRAS WHol= Ao A, A 9 AME S 24t AL A5 dg 42 RAS/MAPKS] &
25 A8 AAE d 5 3)sttt KRASHO = KRASE ¢4 8tets - xte] i 9714

do] Ak, A4 = A E o BT KRAS F41412] codonl2 Bl 1394 &] ®o]+= o]

TAARe] AbEQl p2l-ras @A VA WskE ek T A3 AlESe] B e ol
AT A E AEForM Ao Ay LS S8k Bt g o] Bojdith KRAS

ol A S Ak o 90% M EAH L Lo, g HA I A E M KRAS
o] &g Ao R del AR dAA FRAAE Wol 3pgo] dojipi A X E = H el

X KRASHo|= 718 =23k 474 Q<¢lo|t} [3-5].

g el Al KRASH o] o] tfa] B2 =50 BarE o] itk KRASS codonl2 ¥
1304 9] Wol= GTPY 7kl & Wallsl #5202 GTPAY AHl 2 52 ¥ 1 GDP-
GTP w3k WaljatAl At Woleol oJa Walj 7} dojubd Fok Al 237l Fasth a9 4l
A9 F 2 MAPK, PI3KE @4 std ). #78etelA wol 2y 9= KRAS® ]S ]
&5 B G12DE 9F 45%, G12V ¢F 35% 183l G12R ¢F 15%H] &= gl dth KRAS
G12DWol= G12V, G12REY WA A 7heitali 7t 2l o2 A7 dojdtt. o] &= KRAS
G12D%o]7F G12V, G12RME.T} A& A 02 GTPAS AHZ F4 g 24 KRAS G12DWH
o7} At A o7 F A Ao BT AT S FQ ol dAas rpsAdo] Atk A

ojt}[6, 7]. KRAS G12DW o)== codonl?2 9] 2] obw]:=AF Glycine®] Aspartic acid® =

1



28 3 G12VE olu| Ak Glycine©] Valine© 2 X 8H¥ 2tk W3F G12RE ofv] At
Glycine©] Cysteine &% X g¥] glth. o] g% ofu] ik spuhrl vpo | A of 2] F7-2] Wo|7}
g sk ofu) Ak shubo] Afol = A EE ] Afol7kA] Bl ek SAFE th o2 KRAS
subtypeol w} HEES Feld] WYl G12D-G12V-G12R/G12D-G12V—-Wild
type o2 AEEo] WS RIusGith E UE AFHI Gl2DY AEES

G12V+GI2R+Wild type RO} @& A o7 W w3sk3th(8, 9].

oo Trof] obx M gola Y (AMC) FEEAL Y ASHuFEHA N WAE APA =
2000 1€~ 20169 4€ 53 Aot oA &8 w2 PDAC (Pancreatic ductal
adenocarcinoma) 4} 20297 & tf o2 B4 A3 th 2000 2 20093 Alolef 746
o) @k (1ED) 9 2010934 2016\ Abolol 1,283 9] B4H(1HD) 9 ol F AxE F
stlth A7 A¥ 2528 251 Bk g U2 AEES Bole, ol 7] Ay A 3
oW 9 F Y gy A vy A Age] i) v T4 AETA, 44 aQlo] &
2ke] AL AE | Qg Bskglth 53] KRAS F44 ®olel st A His 1
H KRASHAA7F g2l ¥ F5687 ] 34} 5 Wild type 40.5%, KRAS G12DW¥ o] 7} 28%,
G12ViolZ7F 20% = A H . & APFAF %= G12D9 W AEES FAE 5 9l

15470192, G12V+E 20.770€, wild typed 25.671€E G12D2)

flo

9g=d G12DY =S
AELZo] G12V, wild type thH] A 3] F2 718 gl ).

olgst AE i o &, el Al KRAS G12DW o)7L 74 &= 53 A9l FoFsha] 7144
st A2 QAL gelslgl 1, KRAS G12DWol9F ## st Eo)xel 3¢ 2 & 74

of sl A8ttt



AFAZ L P

L2

1) MEF "o

O
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CAPAN1, CAPAN2, CFPACL, SNU213& AHE-38tl oL Al 25 &3 3 ATCC 3] At
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anti(gibco) & ¥38Fsto] AFE3F T 5% CO, , 37C Incubatorol A vijekalsd ow Al uj

Fe oF 80% = AL A5 W) A WL G,
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PANCI1, PANC10.05, SNU410 (& 5%), KRAS Gl2VHo] AxZF+= CANPANI,

CAPAN2, CFPAC1, SNU213 (& 4%)o|t}.
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a3l Als

H~l

o FgREn R AEXE G g T 2 W A= MWsta
RNase—free water® RNAE =3t} FavorPrep Blood/Culutred Cell Total RNA
purification Mini Kit (FAVORGEN, Taiwan) 2] X Aol wefr] R3S TH10]. cDNA
£ 21 37] 938 RNAS amfiRivert cDNA Synthesis Platinum Master Mix (GenDEPOT,
Texas, "]=) & A3 A A whe} annealing 5%, 25 /extend45%, 55 /RT
Inactivation 1+, 85 /hold, 4 & PCR cyclerell 27d3th[11]. CFX Connect Real—
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Time PCR Detection System(Bio—RAD, California, v]=)E A}F23}9] Real—time

polymerase chain reaction (Real—time RCR, quantitative PCR, Q—PCR) 2 Z1 &5} 3it}.

Polymerase chain reaction (PCR) X3 3 ¢ W o2 &1 3 RNASL HiPi Plus
5x PCR Master Mix(ecocell, 3t=), #HdAF primerE 4°] Denaturation 30%,
95 /annealing 30%, —4 /extend 1+, 72 (3 35 cycle)E PCR cyclerd] A7 3s}o]
samples &H 3 YF. 50X TAE buffer (GenDEPOT, Texas, "|=r)E 1X TAE buffer®
3 A 3to] AFg-3kt}. Agarose, Sepro (GenDEPOT, Texas, 7<) = 3]4 3t 1X TAE buffer
of 410 2% agarose gel= WF=o]F7qlt}. Gel®l &l sample?} Dyne Loadingstar (Th<1

Hiol @ k=) & 1:5 H| &2 Yo|F

R

5E~258A T gelS Y& FT}.
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MA, V=) 2 JZF et TF8 @¥dS SDS-PAGER 2@ ¥, Polyvinylidene
fluoride (PVDF) 0.45 pmC. 2 o]-sAlZ . anti—ANPEP, anti—AKT, Anti—Phospho—
AKT1-Y315/AKT2-Y316/AKT3—-Y312 (rabbit, polyclonal) (Solarbio, Beijing, =),
anti— 8 —actin (mouse, monoclonal) (Santa Cruz, CA, 7]=r) oA G4, 2A peptide:= o}
A st T e AdE wgEelA 2921 5% non—fat skim milk in PBSTel 3]4]
ate] 4°Cell aF2RE S WES A AT thad 1584 21 PBSTE A& 3kl th. 2234 anti—
rabbit HRP, anti—mouse HRP (Polyclonal) (Thermo Fisher Scientific, Waltham,
Massachusetts, 7]=) 3 5% non—fat skim milk in PBST®l| 3|43} 3 A|7F <t A

oA HESAIZTH 7 & 1584 4 PBSTE A& 3k & Western blot substrates
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At AEZFE o] et7] 218 8% 6-8F% ¥ 7 BALB/c—nu mouse (22| AE H}o]
e, A gEtua) 2 etk wiekalE 1 x 10 709 MEZE Matrigel?} phosphate
buffered saline (PBS)°ll 1:10]& & 41> % 1 x 10 ° cell/100ul& mouse®] &2 &t
of FAFh F 23] T2 A719 moused] FAE AL FFe A7]7F 1000~2000

mi 2 A5t W, COLE o] g-sho] AR 7, FFak dis AF s
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= A3l &kl 27]17F 1000~2000m AH5te ®, CO.E ©] &3] mouseE 3|71 H,
mouse? S BD Microtainer SST (Becton, Dickinson and Company, Franklin
Lakes, New Jersey, 7l=) o] B2 H 4727l A 2000rpm/15+% =¥ F serum=

3w 3lt} ELISA KIT (Solarbio, Beijing, =) 2] A& Ao wba} & Q 3t A2k} sample<

Al incubation, A]¢F ¥, A&, incubations WHE-3lt} 23 94 (Measurement wave
length) 450mm 274 & S35 S4s 92 FHE kS 1232 072 HEsth, XF2 v
W0 2 AFE-3F Human ANPEP (standard) @] &% #t= 93, YEol &= OD #9 H+=

gof Axtateh,
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of =9 WolE S8kl &lstaat sk AIRPER =9 HWolE S8



8) TAH 4

FAHA #4-2 student T testE AFEso] Al3SEA 1, T4 /79442 (+: p <0.05 #%:

o

+99 ). GraphPad Prism< ©]8-3}%

ol

p <0.01 #xx: p <0.001)p gko] 0.05 v vFQI A5 AH
Pearson A3 A2 correlatione= #2133t RNA seqs #41317] ¢ CCLE site°l A
Aete] A8 JHI7F G2l raw datas €& F, I1E3HE A FTE 18 2L Gene Set
Enrichment Analysis (GSEA) & &&3to] + F82F 15 e SAACRE FovetA o

2§ Aol 7} A S ST



<El

1. KRAS G12D%¥0]9] E9]3 {3 A ANPEPEZ W Ho] Eo]3 dg &l

KRAS Gl2DWole] Eo]z F3xE 2t7] $18l CCLE (Cancer Cell Line Encyclopedia)site©l 4]
KRAS G12D¥o] A3 (ASPC1, HPAF2, PANC1, PANC10.05, SNU410 % 5%) ¢}
G12V A5 (CAPAN1, CAPAN2, CFPACI, SNU213 % 4% )raw data® &ra&% 1 A
A EHE APste] FAYAES A 1 FolA KRAS G12DWHo] So]4 oz
ANPEPE 4743ttt ANPEPS] /|2l #41& 18 8t7] 918l CCLE site®] raw datas

BA A3stR T (28 1A) B #4128 3k KRAS G12D¥Ho] A3 1537 G12VA

EF 1FoA 2 ANPEP @& ko] x}o]

i

3015t =) P value 0.001 7] %k gho] o= A

< gQlstglth (19 1B) KRAS G12DW o] Al EFo A = PANC1 oA & ko] 71 =

A A S Ea]4 ANPEPS 23S &<l R gkt KRAS G12DWo] A3 (ASPCI,
HPAF2, PANC1, PANC10.05, SNU410 ¥ 5%), G12VA¥F(CAPAN1, CAPANZ,
CFPAC1, SNU213 ¥ 4%) 18] 1 wild typeAl 5 BxPC3°|4 RNAS @l 45 %3}
o] q—pcr¥} western blot 2382 E3a ANPEP2] W& S #2131t mRNAC|A E¢l 4
7 AmA o 7 KRAS Gl12DW o] AlXEF7F KRAS G12ViHo] Al xFH ) vhdo] =9k} &
5] PANClolA = 11 9207 %2 ASPCIEUE ok 3u] %& WS Bl (182A)
protein levelol A= KRAS G12DWHo] Al PANC1, ASPC1, SNU4100° 47t 23 2 &
A 4= ST (192B) A o= gelst A7 PANC1S] 2d-2 ASPClXTHE oF 34|

T gEe Bedv (1"20)

KRAS G12DWHo] A|3EFof| A & o] vl 4 =2 PANC1, ASPC1 (F 2%) ¥ vl

2 KRAS G12VwWo] M3 CFPACI, SNU213 (& 2%)& &85t mouse 33}



1x10°70 9] A EZ o] s ar £k Z717F 1000~2000mn A £ 2 A5k w, 34471 5

TS A e FraGY. R FA @A S FEF3U A western blot A¥ S &
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L

Hol

s
flo

e gelsldnt (18 3A) AHA o7 93 KRAS G12DWHo] A 25

PANC1 ¥} KRAS G12VH¥o] A|EF CFPAC1Y #& ko] vlw e P value 0.017]3to 2
fFojm gk Zol 7} 9l Ao FelE ik ek KRAS G12D® o] A5 ASPC1 ¥ KRAS
Gl2VWo] A5 CFPACLS &4 gkel vlwe P value 0.001W] RO 2 f-2]u] gk xfo] 7}
UE A0 g1t (I3 3B) moused] PMoA A& g1t ELISAKITE &4
ko] ANPEPHE S &2lslsl & W] Ay} =3k KRAS G12DHo] AlXFE 4> mouse’l
Fol Bl KRAS G12V Al 25 A2 mouse, Al EFTE o] 284 &2 AAF mouse 15

B}l kg oko] =0 AL Flelsk 4= 919l th KRAS G12D®o] A5 PANC1, ASPC19] ¥
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1% 1. KRAS G12DH ]9 50|37 #-AA} dt=

(A)CCLE site® KRAS G12DWol9l G12V WHo] AL+ vl wE E3] ANPEPSY W=

=

(B)CCLEAF=.9] 7 2AQl Hlo]E]E &§-3to] KRAS G12DHol 9} G12VRio] A2 it

=

e

oF BAEA vla (P value <0.001#xx) (C)CCLEAIR 2] 7HE A<l dHlolH & &85}

ANPEP®] #@ S v 8l
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A)

Relative ANPEP mRNA

B)

)

ANPEP/ACTIN

expression

ANPEP
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0.000- . r r
% N v N o o N & >
O ) \3 < O N > > 4 N
Q LA SRR S S SN Sl {4
£ 9 Q N
¢ ¢ & Qvaéo S K F & S
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uwy
=
=2 = s S
5 5 5/ 22 5 % 2 2 8
170kDa
ANPEP
130kDa
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02 l
0.0 1 1 ¥ - i ¥

) N Vv N & O N $ N )
< O 3 O o A D ™ o
g ¥ &Py S
L R v\x"'\ & & & &S
K4
Lwild Type b GI2D i L GI2V ]




3% 2. AL Al EFo| 4] KRASH O] subtypedl ©2 ANPEPYHE v w ¥4
(A)KRAS wild type, G12D, G12V¥Ho] AIZF (£ 10F)mRNA levelol] 4 2] ANPEP &

3 gol (B) KRAS wild type, G12D, G12VHo| A X (F10%5) ¥ d =% 3 western
blot© & protein levelo| A ¢] ANPEPW# &<l (C)western blot©. & #2153} protein level

o141 ¢] ANPEPH 424 1] 5
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A)

170kDa

1506Da

43kDa

B)

9

PANCI(GI2D) CEPACI(G12V) ASPCI(GI2D) SNU213(G12V)

ANPEP/ACTIN

Human CD13 concentration

1234 5 123465 12345 12345

2.0

{ng/ml)

ANPEP

**P value<0.01

*#*P yalue<0.001

*Ek
[

[ ARk ey e R ey e kg

& v N
0\9 ,\‘S’ 0\\0 0\@ ’3,@ *P value<0.05
N Q?.éo QQV ?‘:'3 %‘\& #*P value<0.01
o

#*%P yvalue<0.001
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1% 3. MouseZF %, @Y ollA ¢ KRASHIO] subtypedl @& ANPEPYH v a #4]

(A)KRAS G12DH® o] Al 32 (PANCI1, ASPC1 F2%), KRAS G12VH o] Al 325 (CFPACI,
SNU213 F 2%) & mouse?] I3}l o] & Feet . Lol M d F53ko] western
blot© & protein levelolA] ANPEP2] ¥4 H|w A (B)western blot 2. % protein level
oAl ANPEP #d =4 vl 4] (C) KRAS G12DWHe] A2 (PANC1, ASPC1 ¥ 2
%), KRAS G12VHio] A5 (CFPACI, SNU213 % 2%) 5 T3l ©] 48 215 2] mouse
Sf MEFE AA &2 44 mouse B § o g1 oo FF 2 H ko] ELISA KIT

=2 g8 ANPEPY W& H]w #4]
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B Ao A= ot thekdt EA = selective growth and proliferative advantage,

invasion and metastasis® EA S Fd o7 AdS a7 E A TH12].

713 WA, Aol el ANPEPS] 473 2 %2 /%52 gelsy] Aol gasty] del 44

A A 2Aste] ALT Qo] JFL WEAE A Sk

simANPEPE A &8kl 2 F2k d oA ghels flal KRAS G12D® o] A5 PANC1
o si—ANPEP &% ¥ (A & %,10m/32L% %,20m) 15 4274 3tal & o4& RNA level
o A gl Bkt (138 4A) GAPDHUIH] ANPEP Q] W& kS no treat 15 = H| - ©
T ol A o7 3leke 1l si—ANPEPA 2] 135°] no treat 155 tH] RNA levelo] 4]
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I3 8.3 A|EF oA ANPEP 2 A ¢} PISK/AKT A3 A G2 &4

(A)PANC1 M EFolA si—ANPEP % 1 (A ¥5%,10m/15%,20m) A2 &4 9
ANPEPZ&E 934 mRNASIA &9 (B) PANC1 M ¥Fo)4 si—ANPEP % 98 (A &
%,10m/1% %,20m) 2 2] ¥ mRNAoIA AKTS & <1 (C) PANC1 M EFA si—
ANPEP 5% ¥ (4 5%,10m/15%,20mm) A2 & mRNAIA mTORS] 2d €<l (D)
PANC1 A|E£FoA si—ANPEP &%= " (4 &%,10mm/355,20mm) 2] $ mRNAS] A
PI3Ke] W& 22l PI3K, mTOR RNA level && &2l (E) ASPC1 XG4 si—ANPEP
5 (A F5,10m/155,20m) A8 1FNM e ANPEPEE 4 mRNACIA el
(F)ASPC1 A|EZFoll A si—ANPEP 5% " (A 55%,10mm/315 5,20mm) # 2] - mRNA]
Al AKTS] & 81(G) ASPC1 MXEFoA si—ANPEP % ¥ (A §X,10m/3.% =,20
nm) A 2] § mRNA|A mTORE] =& &<l (H) ASPC1 AT si—ANPEP &%

(A 55,10m/22E%,20m) ] 2] & mRNAA PISKe] ¥& gl

29



A) (9)]

No treatment
si control

st ANPEP
(10nM)
(20nM)

No treatment
81 control

s1t ANPEP
(10nM)

st ANPEP
st ANPEP
(20nM)

actin  56kDa

170kDa
ANPEP 56kDa
130kDa

43kDa Total AKT
B) D) P-AKT
ANPEP
1 '0 i ! ek
*k 1 _0' — *H

0.8- SR P
Z = 081
e e
S 06 =
g 0° E 0.6
& e
= >
<Zt 0.4+ e i 0.4

0.2 0.2

l . - 0.0-
0.0- ~ N Ny
& & S &
N > s & S
S «° e&& é@ & \s»°° & & 2P value<0.01
¥ .\,00 Q?Q ((3(" ** P value<0.01 0\5" QQQ’ sz“f *#*P value<0.001
A& & #55P value<0.001 S e
ST SN N
NN S
N N Q <
& ¥)
&
R R

a3 9. AL A EFoA ] ANPEPEE JA| 9 P-AKTS ¢ W3} protein leveldl A &

d

(A) PANC1 AlXZFo 4 si—ANPEP 5% ¥ (¥ 55,10m/225%,20m) A 2] 154 2]
ANPEPYE ¢ A western blot©. % protein levelol] A &<l (B)western blot 2. & protein

levelol A ANPEP#& ACTINtjH] &3 183 (C)PANC1 M EF|A si—ANPEP &
Y (A 55%,10m/22F55,20m) A8 150429 P-AKTS Total AKT 3 western
blot© % protein levelo|A &<l (D)western blot®Z protein leveldlAd P-AKTZ&

Total AKTtH] A &Fs} 18

30



A)

2500+

2000 -

1500~

1000+

tumor size(mm"3)

B P P ol aPad b ® D PP

Post implantation (day)

BxPC3 non mutant
BxPC3_KRAS_Empty Vector
BxP3_KRAS G12D

Traoe

BxP3 KRAS G12V

B) .
BxPC3 non mutani Q @ ' @ ‘ @ O O
BXPC3 KRAS G12D ' O
BRPC3 KRAS GI2V O O
) Tumor size D) Tumor weight
L — *k [ ** 1
2000+ — T 2000- —* o
< 1500 S 15004
g £
£
£ 10004 1000,
= < ™
g 500 5? i £ s00- n M
- 1 =1 °
ColE 3 Sl
] \ 2 0 -
0 ? ¥ 7 0 T T T T
& $ 3 & & 3
3 e & i » G
& o NV XV @ J N N
&& « ‘b? %S’ *P value<0.05 (\6& 64“’ 69 "99 :E vallie<0.05
& Q’6 o & **P value<0.01 O & ng' & P value<0.01
o & ¥ € [l ¢ o/ 5/
< CU I o T
& & F& & ¢ ¢ F 9
0/
Y &
© X
£ )
Q

31



19 10.BxPC3_KRASHI O] A|IXFE &4 mouse T3} 0]2] 43

ofN

& 2 A E B)58LA FE A

ot

(A)BxPC3_KRASW O] A3 0]2] & £ 2

& R ¥ BxPC3_KRASWO| Al 7} 15 X $4 A (C)BxPC3_KRASW O] M| 7}

I Y A7 vl 232 (D)BXxPC3_KRAS®O] MEF 58U T8 A1 T% FH & F
G A 2 L A v e

32



ANPEP

0.5m

A)

@,
e
2,
F2N \vav@ \
K™ &
«/\O/V@ /,uo\.we
Onu.,w %?Q LY
9 O Wy Rﬁb
%, %,
RSN
2
2% w,kuv/«vﬂ.@
so@e %, so.x
3 8,78, 9 2
%
&N \0;@«00&. ma
% % % @ K}
PR NN W
O & & %
AN \O/Juv o g
N g
Yo, Oy &y O E
24 %,
B =
o xw\.u& cmo@”vo»@ [ 2N o&&&e ev@
SO T, 8%
[ %, % R
G &, 4,
" «,vo&& . e?@ffw 2 @o& ooo,,e&. &QW
Y
L %, % & o, B 8 O
%, 1 %, % P €
Y Yo B I3 AL A
5 NN ) % % OQ ®
IFes ™% 5% ‘o I &5 %, %\ %
. %, %, %, O . &&o ooo&ov 3
L o X
Y, Yo .0 AN o © 2 ° o e@¢¢o@0@
k2, r T T T T %, %o, % & 3 5] ) G N
MO N 4 w0 < @ o - e % uT% ) 8 8 ® %,
T T T T «\@ 00 OQ < -] -3 © -] © [ AR N - - OQ/Q
< ) o - © o@ £ &9 %\, 5 s by *Q
] ° @ ] = ooeaoov uopssaxdxa &9 () yyition 0wy 9,
L
uorssaadxo 30 VNI [V ADERY k2 ?
VNYW JAINY a8y %%
= )
/M

33



7% 11. BxPC3_KRASH 0] M EF 13} )4 Z} mouse 7NA T A 2] ANPEP, AKT®
g &gl

(A)BxPC3_KRASW o] A3 o] 4] mouse 2} 7N A|mFrhe] S=okol| 4] ANPEPEHE mRNACA &
Ql (B)BxPC3_KRASW o] A3 o] 2] mouse ZF 7WA|m}c}e] SFokol| A AKTEE mRNACA &

2l (C) BxPC3_KRASH o] A3 o] 2] mouse ZF 7RA|vlc} 58U 2} +=5 Al Sk ghi.

=

ofN

< o
T O]:

ol

34



A) “Total group B) BxPC3_non mutant
2007 Pearson r 157 Pearsonr
R squared=0.6843 R squared=0.4022
_ r=-0.6342
r=0.8272 P=0.1763
P=0.001(***) N:6.
N=19 hd 104 -
P
g 5
é 100+ % .
54
.
. »
- R .
0 500 1000 1500 2000 100 200 200 Py 00
Fumor weight(mg)
Tumer weight(img)
C) BxPC3_KRAS_GI12D D)
BxPC3_KRAS_GI12V
150
Pearsonr Pearson r
R squared=0.79 30+ R squared=0.78
r=0.889 - r=-0.8834
100 P=0.0075(**) P=0.3105
; N=7 é 20 * N=3
S 4
5 £
z [ J
50+ < 40+ .
o s u T T T H
[ 500 1000 1500 2000 0 200 400 600 800
Tumor weight(mg) ‘Pumor weight(mg)
E) F) BxPC3_non mutant
Taotal group 16+
6007 Pearson r Pearson r
R squared=0.7457 R squared=0.058
r=0.864 = r=-0.2408
P=0.001(**%*) P=0.6458
N=19 : 101 N=6
L, 4004 -
4 g
! £
L]
o
0 500 1000 1500 2000 % 100 200 300 400 500
Famor weight{mg) Tanor weighttmg)
G) BxPC3_KRAS_GI2D H)
6001 BxPC3_KRAS_GI12V
Pearsonr Pearson r
R squared=0.8332 10- R squared=0.1204
r=0.9128 r=-0.347
P=0.0041(**) . - P=0.7744
4004 N=7 N=3
5 % 20
% : \-
£ E
X -
* 2
2004 10- -
0 . i . ) 0 : ; . :
0 500 1000 1500 2000 0 200 400 600 800

Tumor weight(mug)

35

Tumor weight(mg)



13 12. BxPC3_KRASH o] A ¥£F 33} 04 mouse %2 4 9+ ANPEP, AKTS A3
A

(A) BxPC3_KRASHo] AZF HA 7152 mousedT¥e] A9} ANPEPY] a7 (B)
BxPC3_non_mutant 7552] mouse 2] A2k ANPEP2] ¥4 (O BxPC3_KRAS_G12D
T mouseF ] A1 ANPEP 734 (D) BxPC3_KRAS_G12V 152 mouse& 2] F
Alek ANPEP ] 7327 (B) BxPC3_KRASHO] Al A A 715 9] mouse§ 2] 7419k AKT
2737 ) BxPC3 nonmutant 155-2] mouseE42] F-71 2 AKT] A1 (G) BXxPC3_KRAS_G12D
15 S mouseFF2] F-AI2F AKT 23337 (H) BxPC3_KRAS_G12V “1552] mouseF%2] -7

o} AKT 3]

36



BATAE AW B A2} pEE 2 F 444 2919 AT WAL ety

O

TE APtk gt 2710l = HEsk FAbo] HolX] ko Zivto] o] Fek Al o]
#Agete] 1go) WA E ] Q= A7t Bk 27 AR oy e A8 oo U
ERbbar Qlth KRASH o= #73ehe] Al 2hs def= vlololH, 7k Wo] M &= vlolo|th
[3]. B=3F KRASHI o] subtype G12D8] A&} AFEEo] 2 2= EUE & A7

¥ ol Aol ANPEP#= T3 34t

i

kA

—

Ttk ANPEP (Alanine

aminopeptidase) += A3} A2 v A g5 v 4 tpE g Ak 2R3, Ao A=

91, A Zzelobale] oo B e E 4R Bero| =] HF 23 4TS
e Ao welA ek PALeNM L AL o B, F2, AR % pojdrhe AT Aot

T o 7NE M EA ] VoS BEeHA = > Ao w defA Qlnt [15]. A ANPEP
= opoFSt Hofol o] ArE 1 itk 18y ANPEPSF KRAS G12D9] 3138t A v =2
AFst A A= 2HS F lSlh ol 2 AF7F ANPEPE KRAS G12D9] vlo] @ whA
2 &8 7ted s e o Bt 75 AEFA v IeAEF9 GI12DAEF

oFe] ANPEP H&l¢f vlaelA G12DAIEF9] 2 ANPEPTE 2 KRAS G12D9] Hio] ¢
A Z A ANPEP 189 7hsdo] rhs A& AlAbehs 2102 Helth ¢ volrt 55 A
oA 2] BxPC3_KRAS_G12D MEZFF ©]2 3t mouse?] W& T B3 2 A7) F
F YL AEZAH ] FAS BTt T A FE] o], T4 AP} L Y o g

o] 7]o]5k= AKT S ANPEP ] A4S w3 ol

ANPEP?] £948t4 7)%& stolu7] 94 AEA@ N4 9 si-RNAS F-8ato] el e

12

.

c
2

A5k 3L ANPEP O] M Z52A U A7) 5, AlEe] ol W o] 75 gRlsh ou] Q&=
T Ay}, Yotz EE A8 oA ANPEPS Knock—down =& Knock out A7l A|EF
5 9 35}te o]dsle] Tk AT A Y& et AP E F5 Jdsto] AxASH 4

37



A
==

A

Wl w3 ANPEPY] o149} o] £71A]7 ANPEP] %2

i

ol

s}

9tk KRAS G12DWo)

S

Folgle 7] 2wA A RE A=

A= ANPEPS &

2

vh7E Aohar BRItk KRAS G12DWe], ANPEP 1

s

ANPEPS] A7HS & A4 Axb

oA 2] ANPEP ]

sto} obA 2

dd=

R 3aL, Ay 7

2= )
=2 T %]\'15 7]’%}‘3?—3

B} 3]
1

ANPEP?] 7152 ¢

38



10.

I1.

12.

ZFaEd

Bray, F., et al., Global cancer statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin, 2018. 68(6): p. 394-
424,

Rawla, P., T. Sunkara, and V. Gaduputi, Epidemiology of Pancreatic Cancer: Global Trends,
Etiology and Risk Factors. World J Oncol, 2019. 10(1): p. 10-27.

Waters, A.M. and C.J. Der, KRAS: The Critical Driver and Therapeutic Target for Pancreatic
Cancer. Cold Spring Harb Perspect Med, 2018. 8(9).

Liot, S., et al., Stroma Involvement in Pancreatic Ductal Adenocarcinoma.: An Overview
Focusing on Extracellular Matrix Proteins. Frontiers in Immunology, 2021. 12(709).

Vasan, N., J.L. Boyer, and R.S. Herbst, 4 RAS renaissance: emerging targeted therapies for
KRAS-mutated non-small cell lung cancer. Clin Cancer Res, 2014. 20(15): p. 3921-30.
Moore, A.R., et al., RAS-targeted therapies: is the undruggable drugged? Nat Rev Drug
Discov, 2020. 19(8): p. 533-552.

Windon, A.L., et al., STRUCTURAL DIFFERENCES BETWEEN VALINE-12 AND
ASPARTATE-12 RAS PROTEINS MAY MODIFY CARCINOMA AGGRESSION. J Gastrointest

Oncol, 1999. 9(1): p. 1-10.

Bournet, B., et al., KRAS G12D Mutation Subtype Is A Prognostic Factor for Advanced
Pancreatic Adenocarcinoma. Clin Transl Gastroenterol, 2016. 7(3): p. el57.

Haigis, K.M., KRAS Alleles: The Devil Is in the Detail. Trends Cancer, 2017. 3(10): p. 686-
697.

FavorPrep Blood/ Cultured Cell Total RNA Mini Kit, FAVORGEN, Editor.

amfiRivert cDNA Synthesis Platinum Master Mix, GenDEPOT, Editor.
Hanahan, D. and R.A. Weinberg, Hallmarks of cancer: the next generation. Cell, 2011.

144(5): p. 646-74.
39



13.

14.

15.

Céspedes, M.V, et al., K-ras Asp12 mutant neither interacts with Raf, nor signals through Erk
and is less tumorigenic than K-ras Vall2. Carcinogenesis, 2006. 27(11): p. 2190-200.

Azimi, A., et al., Silencing FLI or targeting CD13/ANPEP lead to dephosphorylation of
EPHA?2, a mediator of BRAF inhibitor resistance, and induce growth arrest or apoptosis in
melanoma cells. Cell Death Dis, 2017. 8(8): p. €3029.

Mina-Osorio, P., The moonlighting enzyme CD13: old and new functions to target. Trends

Mol Med, 2008. 14(8): p. 361-71.

40



JE2ot

The 5-year survival rate of pancreatic cancer patients is only about 11%, and it is one of the refractory
cancers with the lowest survival rate compared to other carcinomas. Since pancreatic cancer does not
show clear symptoms in the early stages of its development, it is often difficult to receive appropriate

treatment for a cure as it is often already advanced at the time of diagnosis.

Also, even after diagnosis and surgical resection, the pancreas has a very complex structure and a lot of

nerve tissue is distributed around it, so local recurrence and metastasis to other organs is high.

In order to diagnose pancreatic cancer early and develop an optimal therapeutic agent, knowledge and
understanding of pancreatic cancer occurrence and tumor environment must be preceded through
research in various fields. The study was conducted focusing on genetic mutations that affect Among
the many gene mutations related to pancreatic cancer, the study was conducted focusing on the earliest
and most reported KRAS mutation and G12D, which shows a significantly lower survival rate among

its subtypes.

First, the process of finding a specific gene for G12D by comparing the mRNA expression of cell lines
for each KRAS type in the CCLE public site was followed, and the G12D antigen called ANPEP was
found. To confirm the function of ANPEP in cell proliferation or cell migration in pancreatic cancer cell
lines, si-RNA was used to lower the expression of ANPEP. It was confirmed that the cell proliferation

rate and cell migration rate were lower in the group with lower expression compared to the control

group.

To investigate the oncological function of ANPEP in the KRAS G12D mutation group, cell lines
inducing G12D and G12V mutations were constructed based on cell lines without KRAS mutations.
Through cell experiments using existing cell lines and mutation-inducing cell lines, the link with AKT
involved in cell growth, death, and migration was confirmed. And to confirm the association between
ANPEP and AKT, it was confirmed that the expression of ANPEP was reduced by using si-RNA, and
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the change in the expression of AKT was also reduced in the same trend.

A mouse subcutaneous transplantation experiment was performed using a cell line, and the effects of

ANPEP and AKT on the generation and growth of tumors in the G12D group were confirmed.

In this study, the KRAS G12D mutation-specific gene called ANPEP was discovered, the oncological
function of ANPEP related to cell proliferation and cell migration was confirmed in pancreatic cancer

cell lines, and the connection between KRAS G12D mutation, ANPEP and AKT was confirmed.

Key Words: pancreatic cancer, KRAS, G12D, ANPEP, AKT
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