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ABSTRACT

Pigs have been considered as an ideal source of donor organs because of their plentiful supply and their
numerous anatomical and physiological similarities to the human in xenotransplantation. However, for the
public health risks associated with the potential for porcine endogenous retrovirus (PERV) infection through
xenograft from pig to human, the investigation of methods for elimination and/or control of PERV has
been required. In this study we developed the detection and classification methods for PERV based on
PCR using specific primers. PERV-A and PERV-B were found in all pigs including Berkshire, Duroc,
Landrace, Yorkshire, miniature pig, and Korean native black pig from Jeju by PCR with type-specific
primers for PERV. However, PERV-C was detected only from Duroc, miniature pig, and Korean native
black pig from Jeju. PERV-A and PERV-B could be distinguished by PCR-RFLP with BamHI. These
methods for PERV will be useful in rapid screening of safe organ for xenograft, furthermore, helpful in
monitoring of PERV during and after xenotransplantation.

(Key words : Porcine endogenous retrovirus, Xenotransplantation, Detection, Classification, PCR, RFLP)

I. M =2 a3 B oo, 17t ] AlE =2 UM

A% Ao ® o AXIL UTH(Magre &, 2002).

TEZEE vlole VS Aakete] Al Fot HX 9] ARSES BEte] Uil 9dA
Al oAt = olF 7F A7) o)Ael ek A7 WhAe] AA E Awe] sbEstERE o] 3k
7boA AAIdeR #ie] HaEa ok Y] ool A S =Y F Jon, =HH

Ir

Z

(Dorling “5-, 2002; White<} Nicholson, 1999). o] A7} 7FAaL Sl #A] UQIA BlEZ nlo]
Aete= A7)l A7], A7) AlET F=ol uigk 2 2~(porcine endogenous retrovirus; PERV)S] &
WA EE, AR 71E A AA FE 52 Al ) ol A 9% BE g9e A8
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ol ot AR S SR AATE E7Fs St
n= A7) oA Al WY AR W &
dsior & 7P 2 FAE S shdeltt
(Swindle, 1998; Swindle, 1996; Klymiuk <,
2002; Magre %, 2003; Klymiuk %, 2003).

PERV: 19709 A& Hauwflod,
Retroviridae?} Gamma retrovirus Zroll &35l
A Ao Wil whelE A= 4 A Q)
UH(Breese, 1970; Klymiuk %, 2002). &47] 2 o}
Al M, JEgy o2 Mgy o) WYy
APSE Yo7]= murine leukemia  virus
(MuLV)$} feline leukemia virus (FeLV)9} o] y
-HERulolg| 2o &= HoR HuHETH
(Tacke %5, 2000). PERVE 37}4] EFF(PERV-A,
-B, -C)7F A Q= wielE~E AY & ¢
Ae Ao LA glom(Magre T, 2003),
envelope 3 xHenv)e] 71X El Wb 7/
A °]F PERV-A® PERV-Bi= in vitro 4
oA Ao TAES ERNW, thekgh
STFAE S Uehlie Ao deAd
ItHPatience 5, 1997; Takeuchi - 1998; Wilson
5, 1998; Weiss 5, 2000). AHZe] o] 7]z
< SCID k-2 B W Agd vhg-2of A ¢
Aol7b BHuwqotkvan der Laan 5 2000;
Deng &, 2000), o]} “gRbE Al do|7} == &
=Y Bax 9 or Z(Takeuchi 5, 1998;
Paradis 5, 1999; PitkinZ} Mullon, 1999;
Dinsmore &, 2000; Levy 5, 2000; Specke &,
2002a; Specke 5, 2002b) o}27}A] Ho] 7]z

o st =gle] 31 Y= /\lxqo]\:]._
ATAELE 23s B2 M| ZES PERV-A%}L
PERV-Bol| )3 =LA 7[R 1 o1otq 017k

Ao Aol PERV-A &7} Big v itk
(Ericsson &, 2003). PERV-CE =#] AJ3Eolwt
79155 Kol ecotropic HlolEA® kel
2 THMollnes 5, 1999; Patience 5, 1997). 1%
1} PERV-C7} PERV-A$} %23 w25 Ao 7]
WA T ZEE Aol 500ML kel Aew B
3] 2] (Niebert2} Tonjes, 2005; Harrison 5, 2004)
o}A A AF Aol QlFbA LR 7+ Z=A=
AR, A FE FEY] A4S &) w)

Detection of PERV by PCR

E ‘TL Oj\r/]'

% AT 7o e BE sfA| oA
PERV7} ZA13HS Haslglow(d 5, 2004),
= #i# B vy =K gag, env Akl
iate] Bale]l %, 2004; ©] 5, 2005, Lee S
2006) st v} itk E Aol A= oA AR
¥ 3L 9J& Berkshire, Duroc, Landrace, Yorkshire

T5 HIES S vy HA 9 AR ES
ﬁ‘FHXlOﬂH PERVS] &4 75 B el thst
of 831 B HAEehe THas AdwH-E(Poly-
merase chain reaction; PCR) 7|4+ 7|9HS &
it sheiek.

= O

11

ol dped
=

o. *
1. 2A| M Z 2 genomic DNA £2|

2 ATl AREE A AlERe tE 2k
747]E K && 573dlA A}rrlih A= York-
shire® 5%¢} Landrace® 5% 18|31, 9 C
ZE=Ao| A AMSEal & Duroc® 5% 1L
Berkshired 55 ol&3at3lom, = Yy =
A= 7% HE 42 PWG Genetics Korea 3
AFRRE AT w2 TR S A
(M149, T111))E, A5 BF SHAE AT ¥
7ho Al 10575 Akl o] &-shith

Ul Al =R BEEs AAFH k] 4T A
BEHE FAet] AFAE F 3 ¥ QlAamp
Mini Kit (QIAGEN, USA)E ©]-&3}o] genomic
DNAE F=stal FHE poolingste] A7l
ol-&stitt. WY siA et AF EFT SHA=
e AFHst Ficoll gradient 9 (¢l 5
2004)° <]3}e]  Peripheral Blood Mononuclear
Cells (PBMCs)E #&l3taL, o5 =u] Aol A
AREgE BRI 5U3A genomic DNAE 5%
sko] Aol ARgeRsith

2. PERV proviral DNA &= - pol
& el PERV &4 o]

st} PERV] 44 9714
Vg e A5AE ol pol HARAE o

ol
ol
A
jQ
ol

oro o{N mm
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Zo] Bold B a84dS Fol7] #18ke] nested
PCRS 3l om, ALE% primerse] 7]
AL Table 17 2tk w4 N-poll@} N-pol2
= o]&3le] 12 PCRE F33 &, N-pol3gt
N-poldE o]&3le] 23} PCRES +a&qlct. 7}
PCR HH&-of&= 50ng genomic DNAS F3 o=
AHEER o, 12} PCR WHEol AREE WHS-&
2 Wk gEd U 15mM  MgCl, 1mM
dNTPs, primer= Z}2F 10 pmole, 2 unit Taq
(Super-Bio, Korea)s AF8-3l3ith. PCR %712
GeneAmp PCR system 9700 (Perkin-Elmer, USA)
S olgsle] 94T 3Ho® 13 WS S
T, 94T 10% 7F WAdWHE, 45°CollA] 10%
s

ato] primers Al=Feto]l AlRSkATHFig. 1). <
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3. PERV proviral DNA &% - PERVE| &&

PERV-A, PERV-B, PERV-Co| £7{ =
F3l= PCRS 913 primer= GenBankell &
¥ EE PERVY env 33 VM EE #
sto] 7 THEZ 7P & HEE FEg A
ste] AlZFskATE (A 5, 2006; Mang 5, 2001).
AZE primere] A71AES Table 13 #uh
PCRo| A& WhE-&Eo] A2 pol 32 &
el FFe] Aot A AREsE o,
PCR %71& o4C 3Ho= 13 wes 33
F, 94CoA 10x 3+ WAWRS, PERV-AS}
PERV-B2] 7%= 55TollA, PERV-C2] 79+
58CellA 10z xF AFNHg, 18 il 72°CellA
10% b A1ANES-S 303] whEslo] AA|E}aL

g R He

[e] =
72ColA 30% I+ HEEAIZ] & HbE-S A3}
At} FZ g AELS 3% ol7fEE A A7)

Q5L sl Basan,

4., PERV-A2} PERV-B2| Restriction frag-
ment length polymorphism (RFLP)

PERV-A$} PERV-BE T#3}i= PCR-RFLPE
357 ¢33 primere] F7|AM <L Table 13
2t} PCRe AH&H WHEE 242 pol A}
wo] FEe] A9-9F sdsA ARSI o,
PCR x71& 04T 3%o = 13] w38 33k
%, 94CeA 10% 7F WANES, 55TolA 10%

Cal
s SA P(A)
5 LTR|—|' ' gag pro/pol ’ = =
‘ T T ) env ppt ———— 3-LTR
—»> <
PBS 5> < B ewA

- <«

=) evB
- <«

1 ewcC
- <«

Fig. 1. Schematic representation of PERV. The abbreviations are: SD, splicing donor; PBS,
primer binding site; SA, splicing acceptor; ppt, polypurine tract. Arrows indicate primer
sets used in this study: closed arrows in pro/pol region for PERV detection (N-poll,

N-pol3, N-pol4, N-pol2

in order); closed arrows in env region for type-specific

detection for PERV-A (A6F & A6R), PERV-B (B2.5F & B2R), and PERV-C (Cenv3

& Cenv4),
PERV-R).

respectively;

open arrows in env region for PCR-RFLP (PERV-F &
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Table 1. Primer sets used in this study.

Primer name Primer sequence (5' to 3") PCR Product size Usage
PO GATGAGCGTAAGGGAGTAGC 469 b
; TGCTTCCGTCAGTGAACCAG .
L CCATACTGGTCAAGGACGCT 2171
PO TCATCAGTCTCTTCAGGCAG
AGF Cxxxxxkkgkegarrgraga*xac
TCTGGGAGAAAGAAAGGATCTG -
AGR Y 485 bp PERV-A specific
CGATTAAAGGCTTCAGTGTGGT
B2.5E a*xxphkkkkxkkgkkghkkgdkx
' GGGCAAGTACAAAGTGATGAAA .
TTCTAGGCGTGTTGGTAGGAAT
Co Ly 238bp  PERV-C specific
Cenvd I TGACCCGTCAAGACCG
xa*xkgrktgaaaaarx*k*rab PERV-A
PERV-F Hook ok kK ok k ok @ kg Kk kK ok g ok ok % PERV-B
CAAAAGTGGGTAAATGGTATG PERV A: 509 bp RELP
sk ok ok kg ok sk ok ok sk sk sk sk sk ok ok ok ok ok ok PERV-A PERV 8557bp
PERV-R kakgaEkkkkkQgaE gk R PERV-B

CAAAGGTGTTGGTGGGATGG

Abbreviations are: PCR, polymerase chain reaction; PERV, porcine endogenous retrovirus; pol, polymerase gene; RFLP,
restriction fragment length polymorphism. The primers were determined by analysis of reported sequence of PERV on
GenBank. The sequence identity between the primers and the sequences on GenBank are as follows; *, 100% matched; a,
above 95% matched; b, above 90% matched; ¢, above 85% matched; d, above 80% matched; e, below 80% matched.

AgES, T8]al 72 CAlA 10% 3+ A1FHE
= 303] RHESte] AA|stal, 72ColA 30%
IESAIZL & 9SS TSI S35 A
= 3% op7tE= AoA H7FES T
glskoltt. S5 AHE2 PCR clean-up kit
IAGEN, USA)E AR&3ste] Al §F % 5 unit
BamHI (Takara, Japan)= 37°ColAl 6A17F A
3 3% optE= A AoA dAr|dEs
Feste] Eelsiit.

i

2 1 o Y
Jud

AN o)

m Z Y D

1. EfX] genomic DNAOCA2] PERV HZ -
Nested PCR of pol region

H=]2] genomic DNAZH-E| provirus e =

EA8= PERVE #HE317] 918k, PERVEY]
Az 9471 A9 T 7S BEo] & Hol gl
= pol AL F-915 AAsIe] o]o] Ko<l
primers A|ZsIgom, 3k Solds molA
¥ d(false positive)= HIAISE7] 13} nested
PCRS Fal3tqlth. A4« primere] 7Hd&
=43st7] 9sle] PERVZE HAEHE AEFE
axl A Al fEl PKL5 Al EF(Patience
5, 1997)5 o]&3ste] ARS Tt & A4
I 2 AFA ARESE primer®  PK1591 A
PERVE A= + Ao FsiiAth(Fig. 2).
AZol A (sensitivity) S 2Helst7]  93to]
PK15 A3 77+ 1, 3, 5, 1071E A3 F3do=
sto] PCRS Fast A3, Al 1/]%E PERV
of FAE AF ¥ T AS g9l FirHdata

not shown).
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Positive

PK15 genomic DNA

PK15 viral RNA

M A B C pol A

C pol A B C pol

Fig. 2. Electrophoresis patterns of amplified products using type-specific primer sets (A6F &
A6R for PERV-A, B2.5F & B2R for PERV-B, and Cenv3 & Cenv4 for PERV-C) and
pol primer set (N-pol3 & N-pol4) in PK15 cell line. Plasmids containing env of PERV-
A, -B and -C, respectively, and containing whole gag-pol region were used as
template in positive control. PK15 known as a cell line producing PERV genomic DNA

and viral RNA were tested.

PERV pol 72t Eo]A<1 primers ©]
PCRES Eato] 2 AolA] AHEH FA
Lol A PERVZE &8-S &%l & 5 SUddH
(Fig. 3). °ol= AF&% primers} WS =X
g 7] 2 AN Bargk sl s Aol
EASHE PERVE] EIEOA EE HH]ofA
PERVE 23 4= A A3 L3 da=
A, #A dlel PERVZE BHASHA EAIES
& 4 ATHA 5, 2004). EESE Aj2o] =9ld
primeri= reverse transcriptase (RT)-PCRE &
of BA] PK15 AE kel m= Foll o
Aek= RNA JEfe] nfole| 2 3 HES
ASATHFig. 2).

A oo
2ot

_1

i ot

H
2HE BR8] EReed Ao
AZANHA] RS HolEtHPatience T,
1997; Takeuchi ‘s 1998; Wilson 5, 1998; Weiss
5, 2000). S17F A1 AZol A FellEl 2034
°] 7$- PERV-AX PERV-BOI| Hl&] oF 3uf 7}

¥ = AY9es Holn, ARt AX
HeLa A¥9] Z9-ol= 5794 52 9%
B QItKTakeuchi 5, 1998).

E. oo = PERV-A, PERV-B ¥ PERV-C
Ztz o] Eo]Z <] primerE AA Y, 2t FHE
TEE 4 dE A9 PCR =4S FHIIA
L= o) I i Pt s s K e | P R i = A D K
PK15 A|¥oA FZ3F genomic DNAS} PK15
A vt A F2lgh vto]e] =] RNAE ©|
st 747fe] PCRS &3¢ PERV 79l 7HS
< S74sith
7y F72] PERVOl Eo]4Ql primers o]&
sto] PCRS F=8gt A}, PK15 A|EoA=
PERV-A®} PERV-BRF #HZE% 3l PERV-C= #
=3 4 ¢ISltHFig. 2). ¥ A= 7]E Clemen-
ceau 5(2002)° &Jsle] B wiel FAE A
o2 AlREY. PKISE widst Al mjgFo
Al FE3% ble]g|~E o]&3¢ RT-PCRE &Y
g ARE g2l & 4 AATE wEbA PK15 Al
Yol PERV-A % PERV-B7} EA415HH,
PERV-C2] 7-¢-%= PCR WHoz A&E3}7|d+=
A2 o] =4 7L} PERV-C7} EA151A] &
o v gt

U] # Aol M) PERV 57 Z¥= Fig. 39
Al By el o] FarsA|d A= Al 7HA F
79 PERVZ} 5% HEES 891 & & AU

o
=0 71—03

oX, 0130
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Mini Berkshire Jeju

M A B C pol A B C pol A B C pol

Fig. 3. Detection of PERV by PCR with type-specific primer sets (A6F & A6R for PERV-A,
B2.5F & B2R for PERV-B, and Cenv3 & Cenv4 for PERV-C) and pol primer set (N-
pol3 & N-pol4) from genomic DNA of miniature pig, Berkshire breed, and Korean

native black pig from JeJu.

th PERVel thgh ®Hu} Beet A% 245 9
|4+ real time PCR 59 =4 o] 3 }
L, 2 oAgelA Bl EAE Est
PERV-A7} 7V ZratAl A==%lom, 1 o
O & PERV-BY oW, Atz o2 PERV-CE v
oFsHAl HEES g9l & 4 ATk o)+
AFAo] PERV env +3xte] F29 A9
Foto] FEEE ZANE - Ay}, PERV-A:
PERV-B: PERV-C9] H]&o©] 534618 Y= A
}o} Basl= Aoz ALRETHLee 5, 2006).

to rz o

3. HX[olM PERV-Co F#&

B oAt Berkshire, Duroc, Landrace,
Yorkshire, =] U= 9 AF EF S|
9] genomic DNAE A& 2 3}o], PERV-CY &
o]l primerE ©]&3}e PERV-CO &A] ¢
5 gelgh A, SRS PKIS Al
Aol Azjel nlaglS ui, Berkshire, Landrace,
Yorkshireo 4= PCR AHzo] e koto
1}, Durocgoll A wi-g- Sh2 9Fe] PCR AhEol,
= wY=E e} AT EF SHA| A= A
Hom ¥ 4o PCR AHEo] 21+ Sl Th(Fig.
4). o]¢} e Apo|7b FF ko] ApolQlA], o}
Y JhA 7ke] Zpol1Alel disiA = B AT
A Gl gllon, olF flEiA
zb FFol diste] ®Hrh @2 iAot
A Ao daste|et AlsE

PERV-C2] =4 EAS A= real time
PCR &9 o] E=gjuojo} & AoR Alm

ol g

PERV-C
Y Mini Jeju PK15

M B D L

GAPDH

Fig. 4. Detection of PERV-C by PCR with
PERV-C specific primer set(Cenv3 &
Cenv4) in pigs. The abbreviations are:
B, Berkshire; D, Duroc; L, Landrace;
Y, Yorkshire; Mini, miniature pig; Jeju,
Korean native black pig from Jeju.
PK15 was used as a negative control.
Glyceraldehyde-3-phosphate  dehydro-
genase GAPDH) was used as a
internal PCR control.

i, 2 ATl AREE PERV-C So]#<l
primers AHg3ste] A X 07 PERV-CY &4
gHE Flst= dli= oEwol & o=
A=

PERV-CE QIZHAMIE] RS A b= wlo]¥
22 4] QlvKTakeuchi %, 1998). &}A|wk
i+ PERV-AS} PERV-CZFe] AjZ3lel] o3 A
AE Hlo]] A= PERV-A°| H|3] 50001} &
SIFMA|ER S TS HYOoRA, PERV A
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Z§kAell 2Jgk o]F Ik 7] o]aldAe] 9
XS A7IA 7 By glth(Harrison 5, 2004).
o] A3t Hlol#{ A= PERV-CE 7|H Fo
2 7" env §HA % receptor binding
domain 978 PERV-AZR  7}Xlth 53
PERV-A%} PERV-BOl H]&|4] PERV-AS} PERV-
Ce 85% ol o] Ads] %2 d7IM4E s
S 7HAL Qem®, Azl osiA A7HA
EEo 7ol gddk A= PERVZE A
g 7bFsAo] 2 FoE AlmEnh 2 A
of ols] d4¥ PERVE A AL A
3% o]Xel FHow FAL FAtH(data not
shown). ]S PERV-A%} PERV-B7Fe] AjFEo|
W, 7158S 7R & AZFARAAR, A
Z3to] wig- RWIHE] dojutial S-S FF

% gleh

4. RFLPo| 2|8t PERVe| &F/

PERV env 42 9474 dol| - PERVE] Z}
T E SolAl A7IME FiEo] e, o
HRS BT &3 X9 gAe Agshe
receptor binding domainol] $Xghs & 4= U
th ZARE 7} PERVE] So]%Ql d7IMEES
o]-8-3to] RFLPO| 2%k PERV #FHE 53}
3t} PERV-AS} PERV-BE E5F FE3 4= 9]
i primer (PERV-F % PERV-R)E ©] 83}

PCR WH&-& 48 3 & Algtas BamHIo] <]
3 RFLP Z3}, PERV-AE dtho] dojibA g1
bpet 420 bp= WHAA| A ¥ a1, PERV-Bx= AT
o] doju}x] gko} 557 bpE -5+ THFig. 5).
B Ao Alge BE FA] 5E2] genomic
DNAIA o]2|&F WP o2 PERV-AS} PERV-B
7F EATE FR1% 4 Ak

o]F 1t 7] o]2eo] AgstEr] A=
g8t EAl, WA FAES HEe] <l
TE Y wA Eg s AEoforst 1A
t}. PERVE FiAMS 2% AA & 5 ¢l
el vlo]d 22 A in vitro Aol A S17HA|
29| ZH¢do] wrslg o, 1 copyT T A

2ol F-HAF A (gene targeting) S E3ko] A

f
> ¥Q

F oA o

(o T

600 bp
500 bp —=»
400 bp —*

100 bp ——»

Fig. 5. Restriction fragment length polymor-
phism (RFLP) patterns of PERV-A
and PERV-B. The DNA fragments
were amplified with RFLP-specific
primers (PERV-F & PERV-R) and
then digested with BamHI. These
patterns of PERV-A and PERV-B
were found in all pigs used in this

A F A= T Hold 32-64 copys 7+
b K% 9 thPatience %,
2001). Lee 5(2002)¢l olabd =HA] H-4A W
o a4 3270(PERV-A 197, PERV-B 137H)<]
PERV 44 A7} EAlshs 2oz 4dA 9l
o} ARk i) PERVE AL, B0l
ol oJste] A= vpol g FAeHA] Kot
3 ¢l Niebert9} Tonjes (2003)° 2]t =
A FFAAA F5A 7FsgE 671<] replication
competent PERVE 7 dthar shgich Ay
28 ¥31 = PERV Alo] W= siRNAC]
]38k PERVE] A|oj(Karlas 5, 2004; Miyagawa

5, 2005), PERV7} AL HA FFT& ST
Bole] AA s ¥ T thdsh WHo s Ht
o] o]Fojx|ar it} & Aol s PCR

|

S o]&3% PERVY HE 2 7t FH(PERV-A,
PERV-B @ PERV-C) ¥ A& u
2 PERVE Alojsl= A28l 7 2 PERV 7+
Aol A ol JojA 7|EAR] WHoR &
|4 F o AlsEh
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V. 2 of

Aol el BHlER nlo]e{ 2]l PERVY
A= = e A AMSE FEAE AAE
T glom, 7] o)A Al QI FE e 4
AE WEstaL Qlorm g, oF I+ 7] o]

W AR g3 vEo] sjdsfor & 7P
A o] sfueltt Ao A= =l
of ] AR a1 Q)3 Berkshire, Duroc, Landrace,
Yorkshire & H]&ste] =dl vy == 2 A
TE EF SHACA PERVE EA fF 4
il diste] &1 % HEeeE FHas o
HWHS(PCR) 7I8F 7S FHeIlth AREH
ZE FA] A2 genomic DNAZY-E] PERV-
A 2 PERV-B7} 2% ZEEH o, PERV-CY
A9 SAWETA PKIS AMEolA ] Axte}
v 8-S wf, DurocEoll Al wi-9- w+& o] PCR
ch=ol, =ul mysiA| 9 AT BT SE A
Mo iAo R & 49 PCR 4AhEo] &
%Atk &3 PERV-AS} PERV-BY] 7¢- £9]
2 primeret AFEA BamHIS ©]&3F PCR-
RFLPE Ssto] &<1ed 4 QSlth 2 <A+
PERV AEWE o|F 3+ A7) o] Al PERVY
T:Hd— olxl AA 9 PERVY BF WH O Z A

87t ed Ao AlmETh

>
4

gl

V. A A
B oATE gEAsAY Fe e A

(KRF-2005-F00008-100015) A|¢1o2 3=
2~
sy

1. AE vrEok o]%3], o]AHL. 2006, F-EHA
A HER wpole]xe] <z i g
Ax}; 53] Al 10-06570123.,

2. 49w, FA9, o1FY, AAE, WEY 2004
HZ e EAlss vl BIER wlolex
B2 5 46(3):307-314.
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10.

11.

12.
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