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Generation of a transgenic pig expressing human
dipeptidylpeptidase-4 (DPP-4)
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Abstract As dipeptidyl peptidase-4(DPP-4) inhibitors are used widely as a secondary treatment for type
2 diabetes because they tend to be well tolerated with minimal side effects, the human DPP-4(hDPP-4)
gene was injected into a pig zygote through micro-injection, and 1-cell stage fertilized embryos were
then transplanted surgically into the oviduct. Three pigs were fertilized with hDPP-4 genes and produced
sixteen piglets, in which one male piglet was identified to be transgenic. Finally, transgenic pigs showing
hDPP-4 gene expression in the tail were produced. Western blot and RT-PCR analysis confirmed that
the hDPP-4 is expressed strongly in the membrane cells of the transgenic pig, and that the hDPP-4 gene
appears in various tissues and tails. This suggests that the expression vector is normally expressed in
transgenic pigs. These results are anticipated to be a model animal to check the endocrine function for
insulin resistance that occurs in a hDPP-4 transgenic pig and to increase its value for use as a material

in newly developed medicines.
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T2 Aol W3t Qledo] FEHA EH|EX|
oAU A7t QleRiol HAstA whgstA] oto] &
A W g 27 =4 |AEE dAPESo, st
29 oF 10% = AAZolAY "Il EAR Ql&d
< BHsHA] Kol Al1E Fxrgoll YAl Aol
AFoz 55t eyt e Ao BiFo
2 Z-gsto] TRl n¥do] A&EE A2 dit
ojtH1-2]. dHole F2 IAFQA FEZNA Lot
9 2% Frgo] ol Aohuutal THE o] ofF
HIESE JAAZoAE HIHEHA RSt QUTH3].
55| ote ST E el AP, 1XE
TEG T B2 Y FHoE Fa% A ¥
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QltH4]. o3t HAEEF(metabolic syndrome)
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Yoih= A& o, o]
ZF7oll W} olA|n, AZRE Abo] Bls] Fixtg
9] Afof olfg &3yt Jrh5]. daHY T2ES]
GIP(glucose-dependent insulinotropic peptide),
GLP-1(glucagon like peptide-1) & o]oj thgt A4
Z Eala4<l DPP-4 (dipeptidyl peptidase-4)2] &
AL Fiego AM2L A& A9l GLP-1 agoniste
DPP-4 AAAY WL 7FsA stArHo-71.
Dipeptidyl peptidase-4(DPP-4)= 110-kDa 7]
o] SAZH adenosine deaminase complexing
protein 2 X CD26(cluster of differentiation 26)
2 48A AZEHo| EAsk= Type I
transmembrane FHE0|T}H8]. DPP-4 Eol&d-2>
A E 9 gefo]=9] N-EHo|A & H4] of]
Abo] EY 52 IEpdQl A 11 g4 2719] of
v|iAbS AAsks dd BEojaio|a ARy Eu g
AR mEt okt AETA 4TS vEla qich
DPP-4 AAA|S] 49 GLP-1 agonist®] o8 AH
2 TR AtiEozs & 7 A Bojd=
A3 gl A itEol EgA AHst= A7 F
ek AF7HA AEE DPP-4 JAAE F 6Fo=
sitagliptin, vildagliptin, saxagliptin, linagliptin,
alogliptin ¥ gemigliptin®] A|®=|1 JqcHO-14]. 1
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Pk, ofefat Al ofA] ke AlokEo] A% U ok
X JE3 AT SARE ) BES AR 5AE

AAIBHA] FBIL Qs A%olH.
TEbA, & Aolde A st s &
ARstttal &R HAIE o835t hDPP-4-7AAF 3
T AT HAE BABIAL, ol IR
HA= MEA 7ML E= DPP-42A] SJoRE-Sof gt oF
2 A5 A4 g #d dAMkEe] it F
a3 AFEHE A € 5 S Aoz VdEH.

2. 2 ¥ g
2.1 BASE
2 qd7o] A8 E FESS FUSATANA A5
3Ql HAS AFgalgion], Aol A8E B B §
Aalo] BANE FUSATet FEANe 9Us)
52INIAS2015-593) o] T10] sto] st

2.2 Human DPP-4Q%Xt 224 U OjN4F U

UBHE| 75

A DPP-4(hDPP-4) F3AE 2249351 )
GeneBank(Accession number:NM_001935)°] 5%
" A7IHLES 7122 EolA primers HARISICS
o, ARE2E primer €749 Table 1] UERAI

PCRZ HEK293A|2£9| 4 4%k ¢cDNA 1uL, sense
@} anti-sense primer ZZF 10 pMI} HS LA-Taq
polymerase(TaKaRa, Japan) HF3-H-S 4
9o, PCR ¥FEZAL 94T 1E(pre-incubation),
98T 10%, 68T 5E(30 cycles) 2SR WHGA|Z]| 1L

o 5 e
o % Qs

gt ZZcHA oA 1082 F718FAt). PCR SZ4E
2 1% agarose gelo| 7|50 SEAES AR5}

1 Gel extraction kit(Qiagen, Germany)E ©|-85}9
AAI’E & pCR2.1-TA vector(ThermoFisher, USA)°]l

cloningste] 4 S8 AEsiytt A¥d 285

2 HA A7IMEE E45H3 1, NCBI blast Z2 T3
2 59 ABAES vlwsto] GeneBankol S5EH

human DPP-4(hDPP-4)2} A€ol AX|st S22 A
st
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Table 1. The primer sequence for PCR, RT-PCR, and
real-time PCR

Primer name Sequence(5—3) Size
hDPP4-For IATGAAGACACCGTGGAAGGTT|
RT- ICTTC 2301
PCR hDPP4-Rev ICTAAGGTAAAGAGAAACATTG
TTTTATGAAGT
hDPP4-F IGAATTCGCCGCCACCATGAAG
Vector IACACCGTGGAAGGTTCTTC
cloning IGGATOCCTAAGOGTAATCTGGAACA| 2349
hDPP4-HA-R  [TOGTATGGGTAAGGTAAAGAGAAAC]
IATTGTTTTATGAAGT
PCR 354-hDPP4-F |CAAATTGAAGCAGCCAGACA 354
354-hDPP4-R (CAGGGCTTTGGAGATCTGAG
SYBR-hDPP4-F |AAAGGCACCTGGGAAGTCATCG 153
SYBR-hDPP4-R |CAGCTCACAACTGAGGCATGIC
}Srﬁ; SYBR-pDPP4-F [GATAATOGCTGGTCAGAGCTTCG
PCR SYBR-pDPP4-R [CACCTCTGATGGAAGCAGCTTC
SYBR-pACTB-F
SYBR-pACTB-R

Under line: Restriction enzyme site, Italic: Kozak consensus
sequence, Bold: First methionine, Bold-under line: HA-tagging
sequence

FEAHTEE il AL tAFE TEHEE
Ao A Z&2Q1 HHAE el CMV enhancer®} chicken
beta-actin promoter”} 44=lo] Y= pCAGEN(Addgene,
USA)XE 71 HWE®, oA 2293 hDPP-4 f-4Ak
e T2 Q3 Algtas Ach el FAANS
£ A4 = WA =X {2 DPP-4(pDPP-4) T dx}
TEE 3 hDPP-4344F C-dto] HA-tagEs A

o dHS ZeRE 3-9F0 =ste] F=sieith F
FHo wEojx WETRE Fig. 19 2k,
AmpR o
CMV-CAG Promoter b
f"»_}
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/| peR322 origin
[
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pCAGEN-hDPP-4

Ti52bp

b-globin 3 flanking region
HA-tag

Fig 1. A schematic representation of the hDPP-4
expression vector used to generate
transgenic pigs
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e pCAG-hDPP-4&
A7) 55to] el A8 4,638 bp STt AR
B gAste] HBBE 10 ng/uloR lHstel
sy 8ol Agstec

2.3 QEXOMZEY L 52 0[]
WAzl A8 TR SRS eSS

o]

A A%E3 9 Landrace YOI AFtste] A183t
Ak, e A I YRS WAEY At 7, 4
AwolE B FHE AP oA WEoE 1A=
7] S AR B4 U] Asle] 3AAR
52 A4S hDPP-4 $AE SIS A
A7k 2918 SR Qa WO K] o] of
stk 4% oAl F 41 40U 11497 P41 A
B A AT 98] 283} Aeke YAlsgc
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A=L genomic DNA PCR
oIt} Ak A=9] 1
A ZZA genomic DNAE
PCR 302 Apgsto] AFE ZPstoirt
PCRYFZ-2 HS Taq(GenetBio)2 ©]835}9] 200 ng2]
genomic DNA, 10 uM®] primer mixtureE -3t
HREAE s ARSSIITE sREERA-2 94T A 10
BEZt pre-incubationd}.0.™, 94TollA 30%, 55CO]
Al 30z, 72CA 189 2R 35 cyclesS X133t
72CoM 585 F7t=2 $YSIAH. PCR SF4E

1.0 % agarose gelo] A7|¥95o=2 EI5I3AL)
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AAZ wigE A A EHY A
ATEE ASATFS AABHL Y38
= ol-&st] AZXZAE Atttk AFE AR
AojAl 1X Anti-Anti(ThermoFisher)7} 7}
1X HBSSHEE 3®ol4 Al&ste] eAdS AASIL
RO RAE AT ASFETS EYoto] vjkdo] &
o9 Edo|EofA st AME(pig Ear cell
Fibroblast-DPP-4, pEF-DPP-4)E BHH5lQct. AlE
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iR M106(ThermoFisher, USA), 10% ES FBS
(ThermoFisher, USA), 1X Anti-Anti(ThermoFisher,
USA), 0.5X LSGS( ThermoFisher, USA)& E&sh=
HiZ| & o859 Aluig2 90% confluentd o A

At

2.6 Reverse Transcription Polymerase Chain
Reaction(RT-PCR)0{| 2|8t hDPP-4KMXto|

(o) PS|

S|

Aol ARES AREA] ANz} A AR 32
AMZEMDPP-4)E vieE the 22t 3|45t Trizol
(ThermoFisher, USA)E AM85t% total RNAE 3¢
3}t °]Z random hexamer primer®} Transcriptor
First Strand cDNA Synthesis kit(Roche, Germany)
£ AH&sto] cDNAE dstgict 99 cDNAE 5%
o8 AE Yl hDPP-4 §34 WAL €elsty] fIsto
RT- PCRE& F35t9t}. A4 primer= Table 1]
Uehd 27 231 PCREFSZ: 913 2442 1/50°0%2
)45t cDNA, sense®} antisense primer ZtZ+ 10 pM
& 2X enzyme mixture(Toyobo, Japan)& X3t ¥-g-
MS ZASI1L Roter-Gene 6000 system(Corbett
Research, USA) & ©]-&5}o] of#ie} o] 485ttt
PCR FAL pre-denaturationtAE 95CAA 108
ZHHRE2 A1 7, 95T oA 1027t denature, 60T
A 45%7F annealing® extension® BA|0] R dPst=
ZAOF 40 cyclel 49¥3}to] hDPP-4 FHE FZA|

= 0T

Iz
@
ogt

=
L

uivi}

Aot SZAEL 2% agarose gelof] A7 G510 E4
shrt.

2.7 Western Blot

Western blotting®l] AMESH Al2= HAS 52
B Asted(V1, V2 21t 1/5, V3 2%l 1/500) Aol A
8519t SDS-PAGH(sodium dodecyl sulfate-polyacrylamide
gel electrophoresis)= 30 ul®] A=} 6% acrylamide gel
< AKS1o] eH6131AL, nitrocellulose membrane(Amersham
Biosciences, Sweden)ol| transferst$tt. Membrane
< 1AIRF 5%t blocking buffer(5% nonfat milk powder®}
0.1% Tween-202 $HASF 20 mM Tris-HCl-buffered
salingok] 1EKE & polycdonal-rabbit anti-human
DPP-4/HRPE blocking buffer®t 1:5000%2 42
bufferoflA] BESAATH16hr, 4T). Washing buffer(0.1%
Tween-20& &3 20 mM Tris-HCl-buffered
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saline)2 108¥% 3%¥ washing & ECL(enhanced

chemiluminescence) B o2 7545}t

al
=

=}
=

3.2 9% 1
3.1 #=E! pCAG-hDPP-4 HiE| COS7 MI&E L s
FO BFAxg=HA] APilo| AMgstr] s =T

pCAG-hDPP-4 HE]7} A& Yol HAFH o2 LdE]

=4 gt FHEQl  pCAGENT 54

pCAG-hDPP-4 AH-& COS7A|Z transfectionA]7]

a1 Z¥Z¥o] COSTHIZES F]<=5to] western blota =

Fotrt.

M P N

M1 234567 8910111213141516

<+—hDPP-4

Fig. 2. Identification of transgenic piglet by genomic
PCR. The PCR products resolved on a 1 %
agarose gel. M: 1kb Marker, P: hDPP-4
microinjected vector transiently transfected
PK-15 cell as positive control, N: wild type
pig ear cell as negative control, No. 1~13:
piglet ear cells

11 A3} pCAG-hDPP-4 ¥E{7} transfection® Al
oA hDPP-4 @i WdS gl o 4= glylon
(Fig. 2), ol & A7olA 753 pCAG-hDPP-4 ¥H
7} Aot FEAS AR FAEoE U]
ojFold Ao=Z AyZHr}

3.2 DIMIZ=Y & HEMSITHX|(FO) it

AEL A st =R AR
pCAG-hDPP-4-7734} wIAlFUdS HAISIAH. ¢4
< TESAE oA ASEL e S 2757004
HiE 68471 TS APste] 1-A27] 82 A
5193 pCAG-hDPP-4 HEl= e o] vlAlF

T o T
92 UAIBHT. WA hDPP-4 SAHA7E 474k o]

TTo T
U= G A7) 918t pCAG-hDPP-4 ¥HE
FA3E 4719 viRkE(Blastocyst:BL)E 43 A} 3
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Mol pCAG-hDPP-4 §-AA47} 490} 9122 &
g 4 AT (3/4 BL : 75%) thEQl Thby wil
oA hDPP-4 SAR= &holx]®] QtthFig. 3). ©
£ %3] wAF s hDPP-4 §82b= ST O
= IFE "AA @ slolat 2= 919it}.
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<+— hDPP-4

Fig. 3. Identification of hDPP-4 gene in blastocysts

pCAG-hDPP-47} mINIFQ] | =43 4787 3t
A R Y2 Gt SR ol4siela, 11 Adt o
i 155% 7k 457F FAlstlou 15= Alsyt
o A=A ?J’\Vc]@'g T oA T 40UAI%%
11494 22utz AgPojHe oI5l om(Fig. 4) 3
zzog 327} -‘E‘—U}o]-oq A2t o]Al A= 165+F0)y=

RArshsic,

Fig. 4. Identification of pregnancy by ultrasound

A AEEo Hid FEATAARE= AR A
genomic DNAE E&|3lo] PCRZ £E435}0] &1l
B84 4 15014 hDPP-4 4247 &€ A
gRIstATHFig. 3). & A7 YRt vAEd
Zol&L 6.25% (Table 2)°]%2H Lee et.al.[15]5°
o3t H11(1.96%) Hok= =%2} Lee et. al.[1615Y]
H11(19.2%) BEohs W2 415 Hlth ol2fgt dd=
AMEE FRET AR A=Y ot TAE s
Aoy FAAY FEHLE AdiAe 8T AARE
HE SEATIA TE=84e] et a8 Eol= 7
Ao] I8% Aox AYztgrt

filo ,H

Table 2. Analyses of transgenic gene transfer in piglets

Noof No. piglets Trnafgemc Transfer

’ pigs rate of

Class | recipen Fema Fema | transgene
ts/sows | Male o Male le %)
FO 16 9 7 1 0 6.25

Ak 7|70l hDPP-49] &d Y& &
Q5] Hﬁ western blote} HJA] £ T Q2 -G-AA}
hDPP-4 @E A} S2ol|A] ERIs}7] ffsto] RT-PCRE
#’%“émt} 7<1 Aol A8 AM2E FEoE] 9is)
AR A= F] 2 0ZHE ANEE £ oo
FAAG A f2 AAME (pEF-hDPPH)E TH3IS
™. hDDP-4 antibodyE ©|-835t 7] AlZ=25¥ He] uf
FE A i F AEAA Almet BRI AEY BEO

2 o] W@ QR selg AR AmIoA
hDPP-49] 733t &rélo] Uehual Qli= Wi, AlzdofA
= 9d FE AT 4 ¢lStkFig. 5).

M C M C

M : Membrane

C: Cytosol

Fig. 5. Western blot analysis of hDPP-4 expression in
ear cells of transgenic piglet

HH, A% BEAHA] APPAS I3 donor Al
SHE 9 hDPP-4 FEH% /A= RE AMEE
2joto] Afuieke AL AtElet <t 7M1
= Almegol oo HAYEI=A] ERlsH] sl o
@-‘M(karyotype)g AAlskal. 207H9] metaphase
£ =3 23}, 755 pEF-hDPP4 AAZE AAFZ Q)
3870 FAMAXY)E 7HI QA 24, 99 5 9
Al F2Ae] Aok ol B TAEA] FdTHFig.
6). E3t, pEFQ} pEF-hDPP4 AlZolA §-242} & A
T2 243 A3, hDPP-4-8-3A1= d1279] pEFAIE
ol Wdo] IFRIFA gty FHAT A=<l
pEF-DPP4oAqt Wado] Sl Qlet.

ol Anta &
A7 AHE FARG HANAE A A
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Fig. 6. Karyotype in somatic cells of transgenic piglet
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A7t 2 Aos BZEH19L.

HlE 2 AFolME hDPP-47d417F Ahdd 24
GRS BAks = BARE A€ hDPP-4 {447}
Al WollA owdt A Sh=A]of et Aik= AAl
SHA] Zolgitt. FF AAAQ AdiviAe F3 PitE
FAASH Ao 5t o}ty HA g9l Al thoF
o S 242 Heetehd AlE hDPP-4 F-34¢
7F FA Aol Al ¥ ST = U2 Aot
olE El & AFE AFT HF FAY A MNEHL
U= DPP-4 A 2okl digh Al vkg-gol gt &
7H4Ql Agg 5o olorEol diat dhAt % k] o
3 el shebEel Ave AN THsAol e Ao
2 A"
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