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Knock-in Vector Design

for the Humanization of OCT2 in mice
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ape!
oFE =% A|E A 3%Hste] 'humanize’ 3 A FE RPES 287 ooy}
ag @ Aol wEhA 2 Aol A= mouseE % A humanization]
oz dAsta 8 o8 554 F 34l oct2E humanizationds}
71 9138 Knock-in 3= vector® AAstal 1 84S H7stazt st
Attt 4 human kidney total RNAZYE hOCT2Z cloning3}$i oM
o] & MDCK cellol L&A FTE o 7]A w51 Al3Eo A e] FEAF
A3 QIZke] OCT2 FHAZ 2 71sds dsith olds Hr=
mouse Oct2 exonl & YFF S cloningdt®] homology arm<= Al 2}3} %]
o positive 2 negative selection markerE cloningdl®] Knock-in
vector® F Q=2 sl EE FAHLAE JHA = vectorgs Al #E Tl
TH O 2 sequencingS FIA vector7}b =73 THEAAHSS A5
t}. Mouse #1e] CMT-93 cell genome % %<9 2] double strand
breakS &3k t}S A 23 vectorE transfection A # th. RT-PCRS
=3 vector7} AA3 thE homologous recombination®] 2]&] hOCT2
7F #dES gkt B AFE T3 cello] 7€t = Fol AAH L
%A= Knock-outr] 712 ¢l o}
HHA D = Q= vectors: WHE F JAJT o] E T T
|

A
FEA7F Ao Ao R X3HH In vivo modelE WEO] FEF
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1. Introduction

1.1 Drug Transporter

Drug Transporters ¢f&Eo] ALu wH O 7 o]Esl:= AS w9
T o Al dFolnt ket TR EAEH
ntoy 5 o= F, X, hAE wjAdel zleo]
o watA influx transporter® <& % SLC transporter, efflux
transporter® 4 &% ABC transporter® Wis 4 At} oj@ k& o]
E74 transporter?] 712, AAA, FEARZ #Z&to] thgd E A
AES doivtn dEHA AdvH(¥ 1)(Zhang, Huang et al
2011). FDA+ o= A48 Fos d3s dvdu AgHe=
transporter 77FA S A A3 A o] It (Huang, Temple et al. 2007).
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1.1.1 OCT2 (SLC22A2)

OCT2% SLC22 familyel <3} transportero]th. 214 A% Hoj
T2 X3 Basolateral membraneo] Al ¢FEo] AEXWE FL¥H=
Ao o soh(Pietig, Mehrens et al. 2001). wba © | 217

A aAdE =Y Fegk 9ss gkt OCT2% Metformin,
1-methyl-4-phenylpyridinium(MPP+) & ©tsh F7] ol =4
S 7d=z zterh 9 AT FDA AA 77FA transporter = 3Fi}
ot}

1.2 Transgenic Model

)
i)
e
ftlo

[-4 I

In vivo model®] 3sty=z Ads&E9 FHAE x2s)d]

[e:
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e

Z4d3tE models etk AA A A TES A
Knock-out model® wild type¢] Zt#| &+ M= FHILS &
Al7]E= Knock-in model2 W& 4= 2t} Drug transporter & oFol A

T} 3E transgenic modele] WSO A A In vivo AFo AFEF I

t} & 59 transporter knockout modelE ©] &3 54 transporter
7F FE FHO vA= dEFS AT AU (Vliaming, Lagas et al
2009),(Higgins, Bao et al. 2014),(Jonker, Wagenaar et al
2003),(Jonker, Wagenaar et al. 2001), <17Fe] transporterE mice®l
BAANA 1 71%E in vivodlA HE T AF7F 28 A dth(van
de Steeg, van der Kruijssen et al. 2009),(van de Steeg, van Esch
et al. 2013),(Higgins, Bao et al. 2014).

219 1 Drug transporterel] 23t & 35 2H8-9] o

Changesin
Substrate substrate plasma
Gene Aliases Tissue Function Interacting drug (affected drug) AUC[AUC ratios)
ABC transporters of clinical iImportance In the absorption, disposition, and excretion of drugs
ABCEY P-gp, MDRT Intestinal enterocyte, kidney prosimal tubule, Efflux Dronedarone Digaxin 2.6-fald
hepatocyte (canalicular), brain endothelia Quinidine Digawin 1.7-fald
Ranolazine Digoxin 1.6-fold

Tipranavir/ritonavir Laperamide 0.5-fold

Tipranavir/Ritenavir Saguinavir/ 0.2-fald
ritanavir
ABCG2 BCRP Intestinal enterocyte, hepatocyte (canalicular),  Efflux GF120918 Topotecan 2.4-fald
kidney proximal tubule, brain endothelia,
placenta, stem cells, mammary gland {lactating)
SLC transporters of clinicalimportance in the dispesition and excretion of drugs
SLCoE! QATPIBI, Hepatocyte {sinuscidal} Uptake Lapinavir/ritanavir Bosentan 5-48 fold®
QATP-C, ) . i
OATPZ, Cyclosporine Pravastatin 9.5-fold
L5T-1 Rifampin (single dose]  Glyburide 2.3-fold
Cyclosporine Rasuvastatin 7.1-fald"
Cyclosporine Pitavastatin 4.6-fold
SLOO1B2 QATPIES, ; i ; i
OATP-& Lopinavin/ritonavir Rosuvastatin 2.1-fald
SLC22A2 T2 Kidney proximal tubule Uptake Cimetidine Dofetilide 1.5-fald
Cimetidine Findolol 1.5-fold
Cimetidine Metfarmin 1.4-fald
SLC22A6 QAT Kidney preximal tubule, placenta Uptake Probenecid Cephradine 3.6-fold
Probenecid Cidofovir 1.5-fald
Probenecid Acyclovir 14-fold
SLC27A8 OAT3 Kldl.'le).' proximal tubule, choroid plexus, Uptake Frobenecid Furcsemide 250ld
brain endothelia

e



2. Materials

Human Kidney total RNA, PrimeScript RT-PCR Kit (Takara)

Ex Taq polymerase, Restriction enzymes (Takara, New England
Biolabs)

QuikChange O XL Site-Directed Mutagenesis Kit (Stratagene)

E.coli HST08 Premium Competent Cells (Takara)

WelPrep Gel Extraction Kit, WelPrep Plasmid Miniprep Kit (Welgene)
pCR®2.1 Vector, pcDNA™3.1 Vector (Invitrogen)

Sterile Tip, EP tube, 25/75T flask (BD)

MDCK

Dulbecco’s Modified FEagle Medium, 10% Fetal Bovine Serum,
penicillin/streptomycin, HEPES (Hyclone, Thermo scientific),
non-essential amino acid (Sigma), gentamycin (Welgene, Korea),
hygromycin (Invitrogen)

FuGENE® HD Transfection Reagent (Promega)

RNeasy Mini Kit (Qiagen)

1-methyl-4-phenylpyridinium (Sigma)

[’H] 1-methyl-4-phenylpyridinium (Perkin Elmer)

poly-1-ornithine (Sigma)

Ultima Gold LSC-cocktail (Packard bioscience)

bMQ417-m15 plasmid (Source BioScience)

GLS-1 PuroTK Donor Plasmid, TALEN Left, Right (Toolgen)
CMT-93 cell (Zr=AEZF23)



3. Methods

3.1 Establishment of stable hOCT2 cell line

3.1.1 Cloning
Human Kidney total RNAZE template® A}8, PrimeScript
RT-PCR Kit (Takara)E ©]-&3sto] A W& (RT)S Tt

S 212 e 2ok

3% 1 RT-PCR =31

Materials Volume(uf)
RNase Free water 6
dT Primer 1
dNTP 1
Human Kidney total RNA 2
65C 5 min / ice incubation 1 min
5x buffer 4
Inhibitor 05
RTase 1
FDDW 45

42C 60 min / 95C 5 min / 4C incubation

RTZ 92 Human Kidney cDNAZE template® PCRS 3 5} it}
Ex Tag polymeraseS AF&3}1a WS Z7A 3 primer A E92 U5
I 2

hOCTZ2 Forward Primer

5'-TCA GCT GGA CCA AGG AAA GGC CC-3'

hOCT?Z Reverse Primer

S'-TTG CCT AGC CCA CAG TTC CCC-3'



=

2 PCR =4

Materials Volume( )
10x buffer 2
dNTP 1.6
Human Kidney cDNA 1
Primer(F/R) 0.5/0.5
Taq Polymerase 0.25
FDDW 14.15
3 200
Temperature(C) Time Cycles
94 5 min
94 30 sec
50~65 30 sec 303
72 2 min
72 10 min
4 [eo)

3.1.2 Ligation & Transformation

OCT2 gene (2176bp)S agarose Ao A7 Fdle] wi=E &l

Gt W= FES Aoste] WelPrep Gel Extraction Kit (Welgene)
= ©]&3ste] hOCT2 geneol 39 3t= DNAE F=3k3th. pCR®2.1
Vector (Invitrogen) ©] hOCT2 DNAZE ligation A|Zt WHg 2

gewt 2.

¥ 3 Ligation =4

Materials Amount
DNA ligation mix 5l
DNA 250 fmol G
Vector 25 fmol B =F
16C 1hr

Ligation mixture 10 ulE E.coli HSTO08 Premium Competent Cells



(Takara) 30 09} 432 5 10 min?t ice incubation@ T} 42T = v
9= incubatorell Al 45% %} heat shockes 7}e F 2% It ice
incubation®t}. A7} gl LB ®iA] 400 0= 7}3tal shaking
incubatoroll A 1A17F =<t 7199tk Ampicillin 100 gg/mLE "ol
1A LBWAIE wE 37CE st incubationd mixtures
12000rpm, 5%7t centrifuge Al7132 A&5HS 100 @b ©]3t= F7])aL
Wt Vortexing 3 & A #fA] 9 Spreading gtk 37C CO2
incubatoroll /] overnight w3t th& oA LBuWA 5 mE=
ampicillin 50 pg/mL%= W51 oJ7]o] EE A53 white tipl =
colonyE WA ¥t} o] cultureE overnighto® 7]&t} th&

WelPrep Plamsid Miniprep Kit (Welgene) &= hOCT2 gene¢] 4%
Vectorg @2t Hpol2YXAte]  Sequencings 2l #8kel hOCT2

gene?] EA FFE g2l

3.1.3 Mutagenesis

SequencingS =34 mutationo] WA AL &4 F Ak A
Ay opmn=4te]  9gES Fi= mutation’} 37H(G823C, TI82G,
A1243G), 9&<S A &+ mutation®] 271(G1680A, T1872C) & X
sttt o] T HAAE FAHer A7) 98 primerg: FE AL
QuikChange @I XL Site-Directed Mutagenesis Kit (Stratagene)<
o] &3ttt SequencingS =@l mutationo] LA HLSLS &2lE ).
ot ik M e %S FX €E mutation 27+ IUE F

Knock-in vector #| 2+t Alel] 1%t}

3.1.4 Subcloning

Vector¢te]l = hOCT2 DNAE pcDNA™3.1 Vector (Invitrogen) =



%7171 $13lo] subcloning

S A3tk Kpnl?} Xhols ©]4-3}e

hOCT2 DNA% pcDNA™3.1 Vector® 727 Aahsk the Gel W71

S AlA bandE
DNAE 42
AL vy 2o

[

¥ 4 Enzyme digestion =71

%E]:O‘}i’?\ﬂr. Gel extraction® 2 7z} Wlto] 335

% ligatione E3] M Z& vectors AU WHg X

Materials Amount
DNA 1 pg
Kpnl 1wl
Xhol 1wl
10 x M buffer 2 ul
FDDW 20 b - YA 3
37T 1hr

3.1.5 Transfection & selection

Ao AF8-E MDCK cell& v53 22 249 wiA=Z 7]:t. 24
seeding3t ¥ 70~90%7} H == 7]t}
1 % FuGENE® HD Transfection Reagent (Promega)E A}-&3}o

well plateo] MDCK cell&

hOCT27} &

3% 5 Transfection =71

vectorE transfection A

ik W 2e e g

Materials Amount
DMEM 3ol 50 W7t HEE 2w
hOCT?2 vector 1 ug
FuGENE reagent 3wl
15min incubation
7} wellell Transfection mixtureE 50 W ¥ il AHA] S50 FHT)

24~48 A 7F wjdst t43 TE A glste] 25T flask= %t} 24A137F



% hygromycine 10 pg/mL7} H =2 wjx]o] ¥ o] selectiond] FU

t}h ¢k 2F Fof stable cell lineg 4<& + Ytk

¥ 6 DMEM "% %4

Materials Volume(ml)
Dulbecco’s Modified Eagle Medium 500
10% Fetal Bovine Serum, 50
penicillin/streptomycin 5
HEPES 5
non—essential amino acid 5
gentamycin 2

3.1.6 RT-PCR

4% Cell lineel hOCT27F Fd4 o2 THHU=4E mRNA
Fol A Fols kTt 1x10° cellsE AoIA4 RNeasy Mini KitZ RNA
= FZ39}. o] RNAZS template® 3.1.10] AF3 A3 72& =
T-PCRE 33ttt Positive control® canine GAPDHE 3
T-PCR 3}

o
o b
=)

3.1.7 Function study

Sduwl Ao 24-well plateE WS ths, ZF well T 20 w09
poly-l-ornithine (Sigma)S ¥ i Hi ¥ yellow tipe=z 7t

o] ZaF FEXAIFAT. 1t well plate®] F4S Eil flowe}
UVE A A o 1 AZF o] Ax&AHTH aglar Uiz cell(wild
type MDCK)9F A&+t cel(MDCK-OCT?2 stable cell line)& Z+zt
seedingstil °F 48A17F v &3t AT o] F well o HAJE viAE Al
Astal, 37CE d9lE PBSE 500 wA ¥ o AAs7E 29
HHE ST 37C 2 U Y transport media(TM)S welld 500 pl2



Ho 3 37CoA <9F 30 7t incubationd}tith. 1 & TME #| A3+
T

[e)
e =
3 37CE UHE = A4S well T 200 WA P 37CAA 10

==

incubationd} %}
OCT2¢ W3xEA<2l 7]#<l 1-methyl-4-phenylpyridinium(MPP+)+
Km valuegE 188t HE %7} 1 uMeo| HES At

1 AAstAL, 4T A= A7 PBSE
500 wA Ap&stel 3 31 A st PBSE &3] AAT F 02
N NaOHZ well & 500 % Y il overnight &9+ Ao W-x]&to]
cell lysisE =38ttt 92 lysate®} liquid scintillation fluidE vial
of Z+z} 7tslel e & LSC (Liquid Scintillation Counter,
Perkinelmer) & o]-&3le] Alg9 DPM #& SAHsAt Well T &
A= cell 79 zFo]E Bradford assayeolA 3 whula kS 27
2 BANFAT A FHS 5 AFH ALA, =ABEH 9

o} AT

o

102 § %= &= <A

[«

uk
j =

k1
o

()
™

3.2 Establishment of Knock-in vector

3.2.1 Knock-in vector T©]x}¢l

Function studyE &3] &4& zt= Zo] &2 hOCT2 genes 7}
A3l Knock-in vectorE YAkl dltl. Homolgous recombination®] 2
23 Left arm(LA), Right arm(RA)S & #o =31 hOCT2¢ 4
A e S o Asl= BGH(Bovine Growth Hormone) polyA, positive
selection marker?l Puromycin WA %X, negative selection
marker?] TK(Thymidine kinase) frdXtsco 2 AASIA T ZF gene
Aol Bl E AFFE A siteS T A, geneE S AAAAE AT
4 TAE AL MEHe 7E A4S wE7] 98 pCR®2.1

Vector®] MCS(Multiple Cloning Site) F+#5 A= FAI5te] 3.1.40]



AF3 oz T-MCS vector® WESQT. Yx<el3d Knock-in
vector?] TATAE Y 2ok

¥ 7 Knock-in vector A3 A vjd <=4

a4 T 24 a4 s a4
BGH Puro/ i
Not I LA | KpnlI | hOCT2 | Xba Il A Xho I TK BamHI | RA | Nsil
D

3.2.2 Knock-in vector A%t

mOct2 exonl® -908 ~ +91& LA, +104 ~ +1103& RAS=®E il
bMQ417-m15 plasmidE template® PCRS E3 Z+Z}9] genes
Atk LA9 Primerdl= A WE Notl, KpnI ¢ 49L&, RAQ
Primerdl+= <A ® BamHI, Nsil Ad AMES YAr}. 7]&4
cloning® < hOCT2& & vector?] MCSH-#3} 5'UTRS A A3}t
& thA] PCRaFATE o] W 31304 3xA] ¢ mutation 271 &
7] 13 Th Primerol] =AWt Kpnl, Xbal dAd IS 42l
pcDNA™3.1 Vector® template® 3ted BGH_pAE PCRZ Agth
Primered] <Atz Xbal, Xhol A9 AMIS ¥, GLS-1
PuroTK Donor PlasmidE XhoI, BamHI &2 AwW3}e] Selection
marker$! Puro/Tk genes 9{%th. PCR #42 3.1.19 A3k W
= AH&SF S Primer 742 %8 oF 2tk
7zt geneg A#E|IEZ T-MCS vectoro] 3140 A3 WHoz
subcloning A Zth o] Wl Z} genedl] HA9dd F =
B A& 7]l subcloning & A =ME Astol A &
AaS WA@Y LA, hOCT2, BGH_pAE 3 ME=Z RA, Puro/TK
=2 3 AERZ WA ligation A7l ¥ wpA o] HZF vector®: WHEA

t}. SequencingS 9 # 3] mutation AHE &2l 3.1.39 A

il

10
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mutationS A A = Knock-in vector7} ¢4 = A+

¥ 8 Knock-in vector A #-& primer

Gene i Primer(5'->3")
GCGGCCGCAGAGGAAGAGAGGGGGA
LA Notl | cacacaca
Kpn1 GGTACCGGTTCCTGGAGGCAGCTGAT
Kpn I GGTACCATGCCCACCACCGTGGACGA
hOCT2 Xbal TCTAGATTTGCCTAGCCCACAGTTCC
Xba I TCTAGACTGTGCCTTCTAGTTGCCA
BGH_pA | G
Xho I CTCGAGCCATAGAGCCCACCGCATCC
GGATCCGATGATATTCTAGAACATA
BamH 1
RA L
Nei1 ATGCATTGGGGGCTCTTGAGGTCCG
T

¥ 9 Knock-in vector ligation =A%

T-MCS

LA

hOCT?Z2 BGH_pA

RA

Puro/TK

3.2.3 Knock-in ¢l

Mouseol| Al a3t A £ CMT-93S Foktol 3 69} & wjx| =%
Asloll A 7]5-7] AlFY. et o R e AEE 3159 AF 3
W 2 Knock-in vectorZ transfection AJZ Tt o] w mjg A =z3

mOct2 TALENS Left, Right 22 2 pg® 7}18lal Knock-in
= 2,5, 10, 20pge] ¥ %= gradientES 2o H ).

11

vector



3 10 mOct2 TALEN DNA <124 F-&

mOct2 TALEN L1 | TCAGGATCAGCTGCCTCCAG

mOctZ2 TALEN R1 | CCGTGGATGATATTCTAGAA

i 11 Knock-in vector transfection

A= 2 (Amount)
DMEM el 100 w7t H s BrE
Knock-in vector 2 ug 5pg | 10 pg | 20 pug
TALEN Left 2 ug 2 ug 2 ug 2 ug
TALEN Right 2 ug 2 ug | 2 ug 2 ug
FuGENE Reagent 18 wl | 27 pb | 42 b | 72 ul
15min incubation

3.150] AF3 =2 25T flask® cellS =71 & 24~48 A|7F 3o
Puromycing 4 pg/mL 7} ¥ %% ¥ oF 25F7F selection a3t} =L

T celle TEAH# 3ol wWlojWll 3 transfected CMT—QST% wild type
CMT-93¢] RNAE 7ZtZt %33 RT-PCR= It €2 cDNAE
template® PCR3}e] Knock-in vectorol A -2 3t 1-?—1:;0] A=A FH
Zslith. LASl SHA M HH hOCT2 geneZ}A], selection marker]
FHEERE RAS FIHARAZMAE 242} primer® Foba] X8k
Gel A7195S &3 A& FAstAh

Transfected CMT-93% wild type CMT-93¢]4 genomic DNAZ
7}7} FZ39th o] template® PCR3FY] Knock-ino] ¥3lE €%
NA dojyt=A AFstAt o] W LAS -44 A H-E hOCT2 gene
7HA] PCRo]l dojui= primers 24380t Gel d719E5& &3

A3E Blskih

12



4. Results

PCR A3 annealing 2% 64Ceol|A ladder® 2000bpX.t}h °FzF ¢
Qo W=7 ygeh(2d 2 Al WA lane). L83l house keeping
gene?! GADPHE ZstAl Ustoh(1d 2 F WA lane). Ydt= Al
=7} ¢F 2100bpel =& PCRe] A= HAvkar dAwksigivh. whetA
o] DNAZ A3& WPsgx pcDNAYL Vectorel ¥ F
Sequencing?dt Z¥ Lol 57§ mutation(G823C, TI82G, A1243G
G1680A, T1872C)7F A AT, 1 5 ofr|w=il AdS v e 370
(G823C, T932G, Al243G)E iz Tk hOCT2E transfection Al#AHA
selectiondt ¥ RT-PCRES & ZA¥ hOCT2¢ mRNAZF &A=
kS

13 2 hOCT2 PCR 2

19 3 OCT2 mutation sequencing 2 3}
TEETTCACGAGCT AAAGCAGGCTGEET ACAGTTTCTCTEC

Lo ettt rerrrt rerrrt b
'TGGTTCGCGAGCT  ARAGCACGCTGGT ACAGTTGCTCTGC!

18 4 OCT2 stable cell line RT-PCR Z 3}

Iadder| ' OCT2 | | GAPDH |
500 bo "'“‘~;J| 24Thp

13



MDCK-OCT2 cell®] function study 23 OCT244 = wild type
MDCK®ll H3] MPP+ uptake”} 1.43v] F7bsh= 2 Eelstaitt.
n=2, t-test 23 wild typez} OCT2 oA p=0.047} vyt 5 A
AAANA 22 cells 7FA 3 F7F2 324 Inhibitord] Cimetidines
0.01, 0.1, 1, 10, 100, 1000 M = 7}3S wl x4 o 2 uptake’} %

ashe AS st th(dloly w ).

ol

1% 5 MDCK-OCT?2 function study 24 %}

MDCK-OCT2 MPP+ Uptake % of Control
160
140 - I
120 —
100 - : i
=WT
80 -
ocT2
60 =
a0 -
20 4
D o
aCT2
¥ 12 MDCK-OCT?2 9] function study 24}
wild type MDCK MDCK-0OCT?2
Uptake % of
100+1.40 143+6.10
Control

Knock-in = vector®] TF484AES <TAUH=E wiAst7] fIElA
pCR®2.1 Vector?] A|dta 4 FES nlo] oY xo] o st 19 73}
2ol NMFA FAsITE Hindl, Apal &2 7} vectorE ZHehA
MCSZE subcloningdt$ith. LA, hOCT2, BGH-pA, Puro/TK, RAZ

747t PCR %+= subclonings $3] €2 % 3220 A= &Ad=
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T-MCS vectorel]l A&ttt Gel& Wl 23 10kb ladder®.th vl =
7F flell y42 AolA] vector7} AaH oz AFEJATt FekstSd )
Sequencing A3} t]AFeldl vectore} L& IS zZte=ts

& 5 Ak

Y,
o
o

ol

19 6 pCR2.1 vector MCS #+#

HindIII KpnI BamHI

CACACAGGAAACAGCTATGACCATGATTACGCCAAGCTTGGTACCGAGCTCGGATCCACTAGTAACGGCCGCCAGTGTGCTGGAATTCGGCTTAAGCCGA
. I f ' . I s ' . I s ' . I ' ' . 1 s '
T T y T t T y T + T t T t T t T t T t 1

GTGTGTCCTTTGTCGATACTGGTACTAATGCGGTTCGAACCATGOCTCGAGCCTAGGTGATCATTGCCGGCGETCACACGACCTTAAGCCGAATTCGGCT

Ligation site

NotT XhoI Nsil Xbal Apal

ATTCTGCAGATATCCATCACACTGGCGGCCGCTCGAGCATGCATCTAGAGGGCCCAATTCGCCCTATAGTGAGTCGTATTACAATTCACTGGCCGTCGTT
s I s ! s ! s ! s ! . ' s ! . ! s ! s !
T T T T T T T T T T t T t T t T t T + 1

TAAGACGTCTATAGGTAGTGTGACCGCCBGCGAGCTCBTACGTABATCTCCCGGGTTAAGCGGGATATCACTCAGCATAATGBTTAAGTGACCGGCAGCAA

< T7 promoter M13 fwd

19 7 T-MCS vector MCS H-&

HindIII  NotI KpnI Xbal

CACACAGGAAACAGCTATGACCATGATTACGCCAAGCTTGCGGCCGCGAGCTCggtaccACTAGTAACGGBCCGCCAGTGTCTAGAAATTCGGCTTAAGECE
! 1 ! ! Il s ! ! ! ! !

BTBTGTCCTTTGTCGATACTGGTACTAATGCGGTTCBAACGCCGGCGCTCGAGCCcatggTGATCATTGCCGECGGTCACAGATCTTTAAGCCGAATTCGE

Ligation site

XhoI BamHI Nsil Apal

TTAAGCTGCAGATATCCTCGAGACTGGCGGGGATCCGAGCATBCATCTAGGGCCCAATTCGCCCTATAGTGAGTCGTATTACAATTCACTGGCCGTCGTT

AATTCGACGTCTATAGGAGCTCTGACCGCCCCTAGGCTCGTACGTAGATCCCGGGTTAAGCGGGATATCACTCAGCATAATGTTAAGTGACCGGCAGCAA

< T7 promoter M13 fwd
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19 8 Knock-in vector gel 23 & Map

(234) HindIIl MNotl (241)
/ BamHI (378)

BamHI (£63)
/" BamHI {730}

Kpnl (1252)

Apal® (1485)
Apal (1614)

130707 Final Vector
10,777 bp

" xbal (3ze8)

(7202) Apal —= " Xhol (3499)

{7193) Nsil

(6859) Kpnl

]
(6197) Xbal |
(6183) BamHI o

(s672) Apal 3
(5628) Apal #pal (5411)
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CMT-93° 3234 transfections 3 A3} 73 54 A 2
petS AL E YR Foll A transfected cellS selection® 4= AU
t 2 5 5 pg welA cell AEiZE 7HE dEstttar ddsto] wild
type w3 7 RNAE F%, RT-PCRZ cDNAE €2 ¥ PCR Z
}=S FdskAnh. WA wild types PCRE Ay 17 994 3
Rane®] mOct2 band¥F 1231 2 Rane® hOCT2 bande Y2 A &%
th & A A transfected cell ol 4] PCRS 3 A3 19 109
4 hOCT2 band®! 1Rane?} mOct2 band$¢! 2 Rane =& 4kl 3}
A9k mOct20] H]3] hOCT2 band’} ZstAl WEST o] 2 5-F
Knock-in vector®] hOCT2 gene©] CMT-93 cellel| transfection % %}

% ¢ 5 A

>

dlo

18 9,10 wild type/Transfected cDNA hOCT2, mOct2 PCR A3}

Knock-in vector7} AAH o= & FSozk==] g2lst7] ¢13] b5
2ol &gttt a1 11914 1~4 Rane> LAY F7HA A (500)<
Forward primer, hOCT2¢] % 7FA] % (1800)< Reverse primer T-7F2
2 AAsta PCRe AyEolt, wh=7E 2000bpHtt 2=+ ¥ AA o
=1 PCR Z23&9 =717} ¢F 2200bpe] =& PCRo| A|th= = At
3 FHskTh 79 Raned Selection marker®] 3 H-4-(2400)4-E
RA7MAE PCRg A¥Eo|th wi=7} 1000bpR.th 25 © AA sk

bl o443 W= =7]7} 1200bpo] =2 PCRe] A2 wvta et

iy
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S a=
T PCRA#E EU & Knock-in vector’} transfection & %18

+ Ak

tjo

o)
=

219 11 Transfected cell cDNA9] LA~hOCT2, TK~RA PCR Z3}

Mouse cell?] gene & o= 9 X°] Knock-in®] A=A &2l
#38] Transfected cell#} wild type CMT-93 cellol 4] 27} genomic
DNAE F=3gtt o] E template® mOct29] intron ¢ LAY
-44%-8 hOCT2 gene®| 1680%1 ¥7|7H4 PCRe X33 A}, 64T
7oA wild type CMT-932 W=7} 119 A] ¢F kA9 Transfected
cellol 4 2900bpXE.th Zw ZHAl M=7F vgkoh, o g PCR 4 3= <]
2700bp Arolmw A= A3yt v dAdsisivh uhebA
nonspecific insertion®] ¢]3] Knock—-in ¥ o] olyz} LA, RA] o
3+ homologous recombination®] ¢]&] mOct2 exon F-+#°| Knock-in
HASTS AT F AT 64T olste] 2EoA FETAHOE &
b2 Wi =52 nonspecific band® ekE ],

18



19 12 Transfected/WT cell cDNAo|A LA(-44)~hOCT2 PCR

19 13 Transfected cell cDNAo| A LA(-44)~hOCT2 PCR (64C)




5. Discussion & Conclusion

2 AFdAE FEAEAE T8 9T dvha dHzl 77HA
transporter % OCT2E human kidney RNAZYE cloningd}o
MDCK cell line& €438tk OCT27F kg Ao & ddA=AE=A 3
A3t7] 913l mRNA, protein functione Z}ZF €lstth. RT-PCR
A7 YA primerd] 2 W=7 U3 function study 23 7]
A 5%7t wild type MDCKell Hl&l] & vpghoh,

o] hOCT2 geneg HIE S ® Knock-in vectorE tlAFelst Tl o]
ul homologous recombination Y& E 7|¥ro g ST} o] AL F
2ol DNAC A& fd7]qdoe] dAlete= F&o] s W 4%° DNA
7t dR7E wEky = d4S gk o

ot F&Ed FAAE EA Knock-ing F7F Utk £ =3 Ad o
A E o] €3] human OCT2E mouse Oct2 gene A}o]a
Knock-in  Al7]= A& dAFedtt. 2 23 mouse Oct2v
Knock-out Al71®™A  &Alel human OCT2E #HdAAZ F A&
Knock-in vectorg TAQISIATEH ©ol& 98l Vectord & ZFof
mouse Oct2 gene?} sL3 HE& z-= LA, RAE 1000bpH cloning
3t th o] w mouse RNAZFE RT-PCRS 3t WHOE splicing
gt mRNAC= EA18t4] & & Intron F&S 2S5 stk 284
mouse genomic DNA library®] U521 BMQ417-ml5 plasmidE
template® PCR< 3}o] LA, RAS 4%t}

MDCK cell linedll AF&3F human OCT2 gened CDS¥ o}zl 5
UTR®e dH7F 238 Fejoltt, UTRO|] o] it A Hofl= o)
A AW transporter W&o FAFS = ¢ A= A AU =4
3}7] W&ol thH(Wei, Yang et al. 2012). 281} human OCT2 5 UTR

B0l

mouse genome®| Knock-in® 4% 7]1¥ mouse Oct2 5
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UTRY] 2o a7t € 4 et 7bA"d 5 UTRY MCS 52 A
718Fe] thA] cloning &} Th.

Selection marker?] Puromycin resistance gene?} TK gene<
Knock-in°o] ¥dojwt cells ZFhE=d AHE¥ Y puromycine A=
A2 mouse cellZ} £ M I FE3E=E transfection®] &
o] @k celle = =d AF&9t TK genes ol A}
549 GanciclovirgE ZASAIAA  cello] IE FA sER
negative selection marker® A}g8 ¥t} o] w] Puro/TK gened & 7}
A28 o loxP sequence’} ¢ %|dF+=4], Cre-recombinasez}+ & 49}
HH-S-5le] zF A Alolo] Q= gened AANFTE JTEE v wet
Al puromycin® @ Zrolll Knock-in ¥ cellol 4] £33 23k selection
markerE Knock-out 3+ 98-S vk 1 % ganciclovir®
negative selectiondt™ Knock-out®] H# &2 cellS AAT = <l
t}.

Knock-in vector’7} "F&oiH e A stolst & A A& vector’} 2t

F=AE el gt CMT-93 male mouse rectumeol A 2

tlo
do

3l carcinoma cell® types epithelial celle]l™ F#3F straine
C57BL/icrfe]lt}. L¥bAd o 2  Transgenic modelS W=+ mouse
straint C57BL/6°] =&, Knock-in vector’} 7]%sS HY = o
W Homology arm< C57BL/62] genomic DNAo] 9t of sty 3
ettt wEkbA vectord] 7lse HIAESHE cell= HUiE H]s2d
strainl Al f@l gk cellS AF&3H712 sFth C57BL/icrfE 1 AA =
transgenic model®] 7l 3t} mOct2 F-#ol+= W37t glvta #Hekslsd
o},
Transfection ¥4 Vector?} ReagentE o] 7}84E cellE 0|
ol & S dEIAT AR 20 pg S A Qg thE oA
25T-flask® & A S W Aold2 cellge] A HES 2Pt
H A wild type CMT-93¢] Puromycin® sXH=Z £x12 o=z 718}

M)
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Fe W HA FE 26 pg/mLolA cellEel S S st
mEbA olHTE 2 =2 4 ug/mlE AP FEE AYSHAL selections
gk

TALEN(Transcription  Activator-like  Effector = Nucleases)<
Xanthomonas 0| &3t A& WAA AltolA Falsdh Zholtt
(Cermak, Doyle et al. 2011). F+ 4o 2 o]Fojxqlom Z}zto] EA
AR @I A= o]l ol 1 el dEFow A
&, R a7t SFAE ol Fo] AFEALRA FEIrh Asi
Aaers A2 b Agdaset g of9A AzZbst=ifel wet
A7t et A AXE AGE 5 dvk o] AF ol mOct2

E3¥ 2 TALENS A2 mOct2 exon F-t-°| Double strand break

o m

& © A A homologous recombinationS = %13} ¢},

Knock-in°o] HA=AE  &As7] 98l wild type CMT-933%
transfected cellol A 42 cDNAE hOCT2, mOct2 PCRS 3t3<
wild typedl’” mOct2 band9te] vk}, webA hOCT2 Primer)
nonspecific binding®] €3 band:= 4w wiAlE 4= YAt e %
A Al transfected celldl 4l mOct2 band®= €5 WEFSL S hOCT2
band’} ZskAl vERETE o] FE hOCT2 gene®| Transfected cell
o Avk= AL gl = AUSdHh

Knock-in®] o= f1xlo] A=A gelstr] Y&l Left arme] 5 =
o 2 Adbp k7t A Ao A primerE # il PCRES &tith o] &
S mRNA splicingo] €ojypd A #| A% = introno] 7] wjio] F=3F
RNACIAM  "H= cDNAC= EAe4] &S 7FeAdel =t mebA
genomic DNAE F%3%3 A7]9& A3 band7} EAsch= Aol
A homologous recombination®] <& Knock-ino] HJw #AE &<l

S /\
& U

Transfected celll %= mOct2 geneo] ZEA3FE=d, oA

Puromycin A o] A7 wild type CMT-93°] &4}3}7 1 Knock-in
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vector7b ¥sh= A 7F obd & 3o random insertion ¥ FHO =
Holt} F% transfected CMT-93 cell in vitro 28-S 3tz &
4% monoclonal cell& F&t= 2P S FPsorst Aot

Mouse cellol £A43F+= mOct2 gene Ao A&z oz hOCT2
gene= Knock-indlE vectore F% ©E transporter® 1 7d &
dge 4 AdS Holth E3I vectorE: ©]E3ste] A ZE In-vitro
screening system= e 4 AS® oY@}, mouse? transporter:
Knock-out A]7]|®A]  human transporterS W3A7]E ANZS
transgenic model A% o] &E F S Aoy AFyHo=
transporter®] Fzk Aol 7]ojsto] Ak @Al A ket T G

2 dZstd £ 93 T 5 dvta AR
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Abstract

FDA in USA selected seven kinds of main drug transporter. FDA
encouraged scientists to research about the possibility of drug-drug
interaction(DDI) in the level of drug transporter during new drug
development. But human transporters are different from animal
transporters in terms of substrate specificity, affinity. So It is hard
to predict in vivo DDI using animal model because it has limitation,
and to research DDI with human volunteers because of great cost
and time. So The Humanized animal model that knock the animal
transporter out and knock the human transporter in the same point
of animal gene will be meaningful. Therefore, We decided to
humanize mouse Oct2 transporters and design Knock—-in vector for
mOct2 gene and evaluate the function. First, hOCT2 gene was
cloned from human kidney total RNA and expressed in MDCKI
cell. It 1s confirmed that hOCT?2 transporter worked normally, by
using uptake study. Separately, We made homology arm by cloning
some parts of mOct2 exonl site and cloned positive, negative
selection markers. Finally the Knock-in vector including all factors to
knock-in function was made. It wass confirmed that vector was
made as 1its design by using sequencing. Double strand break
occurred in the genome of CMT-93 cells derived from mouse strain,
and Knock-in vector was transfected in that cells. Using RT-PCR, It
was defined that hOCTZ2 gene was expressed by homologous
recombination. In this study, It was confirmed that the vector that
delete original drug transporter gene and express human transporter

gene can be made. As the result, In vivo model replaced its

27



transporters to human transporters can be used in Pharmacokinetic

study.

Key words : OCT?2, Transgenic model, CMT-93, Homologous

recombination
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Sequencing

Gel Extraction

Liguid cufture

DA 5= &0l Llouid eutturs D& == &40l
Ligation Transtormation Transtarmation

Human OCT2 cDNA st

+ RNAsource

+« OCT2Primer
- E-TTG CET AGE CCA CAG TTC COC-3
—  Anncaling temperatore - 64°C
—  Elongation time - 2min
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RT-PCR/Function test

180m Cirmetidine 180 Cyclosporin
% 100+ _
E é b4 "
2 5
Too B4 1 %0 10 600 Tamaa 1 10 100
Concentration {uM) Concontration {uM)

J1E
-Estrone-3-suifate {Sigma) 1ph
-[3H] Estrone-3-sulfate [Perkin Elmer 1pM

Knock-in vector Z 9@ 94

hOCT2 cDNA

loxP sequence (selection marker X4 -8)

Left / Right arm (homologous recombination)

Puromycin L2 8 7 X} (positive selection marker)
HSV-Thymidine kinase 87 X} (negative selection marker)
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