tietaaets 2] A 254 A 15 20064, 6975

A% o4 @A BK wholelze] §AA4Y 2
D4R S4B BAF AT

2 %
By 2 BK vholois AWZEe AT 100 $U% 343 27hn gov, @4 o) 4l 7]
Astel Fae 2429 shhx delA vk 2ot Bl

b B Aol s e 103”‘011’\1 AW ol I ste] BK Hlolg|29] VP1 3t
N3 FRELANNSS F F 1744-1812 7919l DNA 97] ME& £43ke] BK violgi~
ol @ ol GHAHS BAstETh (Type I, 10, 11, IV), =3 FatE9] Ad4A §AL &4
ate] BK ulolel ol i f1gAzte ¢uat sich

< } 5 1690l BK whelgizrt AelA HEHNAIL olF 58] &bl
M HRoHL stojgd Azt AFE Atk BK wholds fAAE e 2vdlM HEE 1689 &
A ZF 8ol Al 180 HEHA oW Ur“ixl 8o 7)Eo] Al AL oA BEE A FE 57HA
oo gAAPor BEFHYY o F 34 ¥5H L 7 Aol FAHAH. BK vl
~9 BAstel AAF 1A e M E tacrolimusE HE5he #FAPlA] Al BK ulol
glxo)l Himst §ol3tA =$HL, tacrolimus® mycophenolate mofetild H-&38H= FHAbollA
A 2 83 mfol dlolgjart on) QA BA AEel HAG

Z E: 2y BK slelgad §8x8 de A7 Ade dE AoZ FAHT, tacro-
limus®: cyclosporine®tH BK slolels @A43E fo3tAl Z7MA7]E 2es Ktk

b

ot r

1990t =8t ©o]F  tacrolimus®t mycophenolate

M 2 mofetil (MMF) %9 M2& AGAd44 &8 A7l

9 x)5te] BK mlejeia AHZe] Wlxrt A3 F7}

BK ulolglai 1971 439 Gardner 5ol ¢ a7 AFPom Y e 1999de] Aoy 3
3 e dFzom A BKEE 4lo] A9 IMEAQ 23419 @Al xbol A BK virus A1HFol
2Ho A AL ALY BK ulojgl A o4 A% Az Baddn®. e} ok tacrolimus®t MMF

g =g WHe dose Aow FEA fou o 9F A=A G g ok AT 2
2L ge Aotk
B AFE Baxter 979 HEE o]FolF. . -
= nlola] A= A2F AlLak
A2 20054 89 229, 591:200549 109 179 BK whel2i &= polyoma virusel &3ke Abgtal7
AYAA: AT 7S FAN GETF AT A5 H& 9o thE polyoma virus¢! JC HRo]2| 29}
ofFthstar Y gz AFGEB iyl 2)E Aoz ¢ o)
Tel : 031)219-5133, Fax : 031)219-5137 SHE TEF RAR Ao dHA . )
E-mail : gtshin@ajou.ac.kr BK B]’O]E‘]—}:Q} Evik= 9}: 45-55 an]Uf] 20?324]
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2 5130 bpe ¥Y&He]l dsDNAE 7}43 gt} BK
dhole) o] WA =l 2uAlE BRsh Ea o4

o= T Wt ¢ gAG, BA olFol VPL VP2
VP39 22 capsid €& ABAIgH ols & VPI
chalo olAo A A AAo] sk s AA H9

(epitope) AEE sty VPl welo] olu|yn-AF Ho)o)
weh vpks "AskE e 7pR)E Ao oddd 9
v} olgh #dte] 19939 Jin ¥7e 4

g ERe oy JB-1VE), ®3 o) 4719 o
VPl & {-Ax} 1744-1812 F-9)9] DNA Hol9} 2
QA xjahe= AL wr } 3,

EERELE

2 ol Mz obA Shfell A AtE v glis
BK #hoje] 29 fdapglat 41 o4 ghxlelA BK u}

.
olels AT pAY 9 AR % 7 Y4
54 sl Gobnar shelth

Chat 2

obFolshag el Aol A A5 Fel 103
o Al ol2 PRES oo salrh 10399 A

cyclosporine A (CsA)9} tacro

limus % 3l E-833024 steroids, azathiop-
rine & MMF7} B350 s} o|&eo] AW
4ol A BK #telzisx DNAS 3%, BK ulo]e]xe
VPl fr7de] tE FHANELNGOE DNA 9
1AL FAste] BK wlol# ke 3ol % oo &
de}f’é% 4319 L¥ LR 9*455‘9] om“o‘vi 54

. BK ©lolz]Z: DNA HL]’EL 715}031 50-100 mL
g7l AFASHAL, 5-7T mL AR
9 E‘Q‘”ﬁ“a gao) A a3 3le] ethylenediaminetetra
acetic acid (EDTA) FHo| o} 1500 rpmo_fé 10
2 A HEs 2)5to] -20°C o] REs

1 & 20
wElE dYgs B

“Vol. 25, No. 1, 2006 —

. BK vlole]~ DNA H&& 2w# g4 7h7h 140
pLelAl QiaAmp Viral RNA Minikit® (Qiagen,
CA, USA)E Atgste] Adstict. S3rasdsfuts
of AH&% primeriz BK wlolg e} VP1 &% #fofl A
a9 A HeErb B4 97 HEde AL
F7 D 1744-1812 F91E F2F 5 g fuA
d e atod
5'-ggagtagaagttctagaagttaa—3’ (1657-1679)0]8 re-

noz gzelstdvt. Forward primer:s
verse primer<- 5'-agatttccacaggttaggtcc -3’ (1866-
1886)01 R a ¥hg- A Ee] =v]i= 230 bpolYrl ©
= primer® o]&3le] awzt ool AT njo]
212 DNAE Perkin Elmer 9600 thermocycler®
(Perkin Elmer, CT, USA)E o]g3dte] £3& 494
gh3-& At v 242 denaturation 94°C
oA 20%, annealing 57ColA 30% 181 ex-
tension& 72TCoNA 2022 911, 363 A& & 72
Tl A 583 9 extension 3¢tk

FHELAANHS AHES 2%9] o7~ A4S
°o]-&-5t] ‘1/]"15ﬁL ¥ A& #e} QIAquick gel
extraction kit (Qiagen)& ©]$35le] DNAE %,
47149 e {%Ho}ait} 249 DNAL Jin €% &
%3 BK #io]H{x ¥l 7lzsle] 1744-18129 4]
AE-& Hawste £F38c} (Table 1).

FAH ML SPSS 110 ZRads
Chi square test®} student t-test® Alsjstgr}. 2
A HEAtFEEAE dehldds, p<0.059)
7

195 BAMOR Fol sha wsan,

o] -g-stof

oo Ht 4l o] & Z7h& 15631105904 (H
146498101}, A= 62.1% A0, A o] A

Table 1. Sequences of VP1 Nucleotides 1744-1812 Used by Jin et al. to Assign BKV Genotypes

1744- 1747~ 1759- 1765~

1768-  1774-  1783- 1786~ 1792-  1807- 1810~

Genotype 6 9 6l 67 76 85 88 o 09 12
I (Dun sequence) GAA AAC TTT CTA AAG AGT AAT  GAC  AGC GAG/A  AGA
I T e A C. - GA..C A
11 T e A AG ¢ CGAG  .C

v AT  G. A C C GAG .C

Nondiscriminatory nucleotides have been omitted
Adapted from Randhawa PS. et al
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S e FE 73.8% Ak 27 AFA e Ed
Z (HLA-mismatch) $%& 32+16%th &4 A
ke 21.4%9] Al A wAstg e, 54 337
7+ Eete] Hy g4 Agotgde 1.310.7 meg/dLA
t}. CsAE l‘i%‘ﬂ' 2 80T (77.7%)° ]MJ% tac-
rolimus® ¢+ 233 (223%)°1th. F Fktel
tho] A ﬂa]o}E]L‘j 22 A3kA] 61%01 B =

dA i d Abe] glglod, o4 & 2 #ET%
o] tacrolimus® E&3% o A$ 500E9804 =
CsAE 243 A9 186918704 nlal o &Sk
ot (p<0.0D. 7 HAdelld B3 dgedes MMF
2 24 3 B2 60.2%Th (Table 2).

1. AHHM2 BK HIO|3{A DNA ZH=

1039 ZF 16¥ (155%)% A+
27t AEHem, ks 563%, A4
734+ 5%t BK vlel# a7t HEE A9 31.3
% HEFA Fe A 195%00A w4 AF w
$o] dojdth (p=NS). 4 AR ¥gow Q3 =

= pulse®t OKT-39 Apg-olf= BK #jo]e
2 &3 #Ho] 1At} (Table 3). =&y tacro-
2 E83 435%9 FxpolM wleje]xrt A
o] CsAE AH§8 oMo 7.5%% Hlarste] wlo)
o) W Ml foshA EUvE (p<0.001). E
tdcrohmmg‘r MMF=Z 23 19 o4 xag s 4

$ 438%°lM BK wpol{ 27k EHel a84 &2
o 2t 10.3%9F g o GA) frelaiAl kv
(p=0.003) (Table 5). CsA7Z} tacrolimusel] B] ﬁﬂ BK

¥l A kel

o] (e}
o} 2l-g Y

Table 2. Baseline Characteristics of the Pa-
tients (N=103)

Mean age (yrs) 42.4+10.7
Male 64 (62.1%)
Living donor 6 (73.8%)
Mean HI.A mismatch 32*16

Acute rejection 22 (21.4%)
Mean post-transplantation 1,563£1,059

follow— up duration (days)
Mean sCr level

(range : 146-4,981)
1.3+0.7 mg/dL

CsA 80 (77.796)
Tacrolimus 23 (22.3%)
MMF 62 (60.2%)

Hlolgj2e] W go] AW A} vpAIRAE CsAT}
MMFE& ¥3% Wy oAA2 3 @xldr BK ulo]z]
27F 65%ATE A& olEg AMESA ¥UH

9] 22.8% Rk o5 At} (p=0.03).
2. zo|M BK HIO|IHA DNA A=

gole AfHekA B 193 ALsta, F 10279
#zkel oA BK Hiolgj27t dE¥ AR 59
(49%)01%0t}. ol F 37 (60%)9 FAfolA F4
ARgrgel gat ol sl methy]prednisolone
pulse® AAg RO et FEHA FE @Rt
el 196%t vlug o FAA fFoddl L
AdE 2ot (p=0.066, p=0.058) (Table 4). WS
AA ABAXNE MMFE AHE3H 84 5 82%¢°]A]
BK wholgfrt FAEO AMESEA] & AbEol A9
(0.0%)3} ¥t wf ] FAH frodel 2
4715 Bt (p=0.080). ¢ tacrolimusE
A% 136%9 $xte] gaelA BK Hiolejs

].

oll
rSL’ rr ﬂflm

P
U

el
A
L

Op

Table 3. Characteristics of Patients with BK

Viruria
Urine BKV  Urine BKV P
(+) (N=16) (-) (N=87) value
Male 9 (56.3%) 55 (63.2%) NS
Living donor 12 (75.0%) 64 (73.6%) NS
Acute rejection 5 (31.3%) 17 (195%) NS
Steroid pulse 5 (31.3%) 16 (184%) NS

due to AR
OKT-3 due to AR 2 (12.5%) 5 ( 5.7%) NS

Abbreviations - AR, acute rejection. NS, not sig-
nificant

Table 4. Characteristics of Patients with BK

Viremia
Plasma Plasma
BKV (+) BKV (-) 7P

(N=5) (N=g7) ~ VaUe
Male 3 (60%) 60 (61.8%) NS
Living donor 3 (60%) 72 (742%) NS
Acute rejection 3 (60%) 19 (19.6%) 0.066
Steroids pulse 3 (60%) 18 (18.4%) 0.058

due to AR

OKT-3 due to AR 1 (20%) 6 (62%) NS

Abbreviations - CsA, cyclosporine A, sCr, serum

creatinine; MMF, mycophenolate maofetil

Abbreviations - AR, acute rejection;, NS, not signif-
icant

,71,



— ) 3k A a3 X

ALY Al R AR 2006 —

Table 5. Relationship between the Reactivation of BK Virus and Immunosuppressive Agents

Calcineurin inhibitors MMF Tacrolimus + MMF
CsA Tacrolimus Yes No Yes No
Urine (N=103) 80 23 62 41 16 87
BKV (+) 6 ( 7.5%) 10 (43.5%) 10 (16.1%) 6 ( 14.6%) 7 (43.8%) 9 (10.3%)
BKV (-) 74 (92.5%) 3 (56.5%) 52 (83.9%) 35 ( 85.4%) 9 (56.2%) 78 (89.7%)
p value <0.001 1.0 0.003
Plasma (N=102) 80 22 61 41 15 87
BKV (+) 2 ( 25%) 3 (13.6%) 5 ( 8.2%) 0 ( 0.0%) 3 (20.0%) 2 ( 2.3%)
BKV (—) 78 (97.5%) 19 (86.4%) 56 (91.8%) 41 (100.0%) 12 (80.0%) 85 (97.7%)
p value 0.066 0.080 0.022

Abbreviations : CsA, cyclosporine A, MMF, mycophenolate mafetil

Table 6. Genotypes of BK Virus in 16 Patients Based on the Sequence of Nucleotide 1744-1812 of VP1

g]i}?i GAA AAC CTT AGG GGC TTT AGT CTA AAG CTA AGT GCT GAA AAT GAC TTT AGC AGT GAT AGC CCA GAG AGA

UK2 AT G. AC .GA .C. C. C GA. - - .C

I s oee vee .

UK2 AT G. AC - GA .C. .C. C GA. - - C

UK3 T C A AG CC .C. C GA. -

1

1

UK4 T C. A AG CC C. A C. .C A

UK2 AT G. AC - GA C. C C. GA. .C

UK3 T C A AG CC C. C GA. C Al

UK5 C Al

1

I

Nondiscriminatory nucleotides have been omitted, Abbreviation: UK, unknown

7t FAHEO CsA E-82F & wpolgl 27t T4HE 25% 4 243y f4x ERE AAsgY. 1 AH 16

b ¥l Al BAA o4 2H3e AFE 2yy Hel g2 F 8W2 A 18 g HA oY, A 8

(p=0.066). 53] tacrolimus®} MMFZ 23 @ o Be Jin 5V 19939 MR YA o}y B FF

AE & AS 20%I4 wolelzrt B AMgs o MR Foz EFHch w3 89 Az o}

2] ok T (23%)3 HlE Al oW AA Bt (p= d F 3y TUE AR well BAHUG

0.022) (Table 5. 284 CsA% MMFE 23 ©ie  (Table 6). o]5°l 23 d¥s= @ $Ex 7]Ee

A AFHE § A$oE 43%0A vlolglAvt HE Fepe} Bl of 42 Ferl #2309 (Table 7)

Hol o]E& 1831 #Uw T3 vaA #2F A

o7} g12th. a &

2 BK HFOIE‘IAOI ‘le'g 5'&! i' %gﬂa Human Do]yomavu‘us BK H}-O] 1_/_\_ JC H}o]

=R dash @A F2 oksr) 27l 2F7AG TR
o) BK uwle]gart Ed 1692 SAE o E8l dak 7ol el tiAe AL o AAA &

24
qow

VPl A 1744-1812 92 DNA 47]A

4
24U AREN 588 $4¢ doX: gon
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Table 7. Expected Amino Acid Sequences Based on the Identified Nucleotide Sequence 1744-1812 of VP1

3‘;‘:’ GAA AAC CTT AGG GGC TTT AGT CTA AAG CTA AGT GCT GAA AAT GAC TTT AGC AGT GAT AGC CCA GAG AGA
1 E N L R G F S L K L S N D F $ S D S P E R
bn D - - -y - - - - T - - - A - D - - - D K
m o - - - - Y - Q@ H - - - - - A - E - - - D -
vy M - - - - Y - - R - T - A - Do - e
E
UKL - - - - - = = = = = = - - == - = - - - Q -
UK2 N D - - - Y - - R - T - - A - D - - - D -
U8 D H - - - Y - Q@ H - T - - - A - D - - - - -
Uk D H - - - Y - Q H - T - - A - - - - - D K
UKs - - - - - - - - - - - - - - - - - - - D K
Each capital letter represents amino acid, Nondiscriminatory amino acids have been omitted, Abbreviation: UK, unknown
Adelel A4 80% oldolA wholzlzd F FAE Aa oo} @7IMEe] Wale mE AYEEA, <
BHE Aoz g4 vk FE W] A€ A ool oA AR = & wEAA il qith
oAl A3} Ho] AWelA HEo] Hu HHo] A 2 odgellE WA BK Htoleixrt Z2Ed 169
A AS 03%, P AL 3%AN 2 glol 9 #al F 8wl Al 18o] B2 Jin §79 AF
Aol AW HEol FvtL it U2 Aot dxstgnt, ey v A 82 ol2)d 470
2 BAE dosAE e’ BK Hiolga: 29 o] fFHA 3 UAHA ¥ 57 2L FErt
AME HAEo] He d|, o= A AHAzA g3t B o]Fd o3| didEHe v FdiMk
A slolelavt Aud 39 EAERE 3 ddo Al 71EY] AFHE Aot Mtk B8 EE BK
2 So7AUY Zo e g e FEgd glolgf 29 {HxlEo] 4709 EHRY ForR EH
upol g7} A glEo] FAME #FEHATH:E 59 = AL olUth Randhawa $'79] v]Ze] 4l o]
oz} 7tz dgsta Aot BK spolgiarh dAd #E digoR & AFdAME Jin Fo ¥FE 470
o2 AL Yoy AR ded, F2 ¥l o of FRA el &3 @E BK utojElx {FHAY
Adel = A%, FIPAaE: wu Y= 84”7 o] WAHAUE. Yy & AT RAR 57HA 9
A 18 QAP AY vho|g 2o dE #4Y E3) MZ¢ Feli= Randhawa Fo] L3 ®He] fHx
A7) ol F Wy AAANE E&3IL U FAA o gk Fulo] Al oA #AdM e BK Hiole X
vlolgi A7l AEg Hol FEE dodleE Ao FAAEL 7€ MY FAAER U2 FuErt
deA gtk FF olA FEAlA Y FHA WEEe] EAgctan A4S ¢ Ak
B A ol4 sixtelq wets ey @3, kA BK ulolejzol oat 7baA Adde] uid nue
219 Bo] BK Hiolz|29| AlgAdstel] o3k E A Q) vlolg) ~7F WAHE 1971 o]F ok 201de] Ad 1995
Aabd Ago|rt?, W o] FRE] FA0o| Frketr] AlFAH. A2 g A
BK ®lolgi29) VPL @& 7 F23 capsid ANAE o)A Al 7% Ast wmE A 999 1-5%
dloz Y AAHYS (epitope)E A&kl T 7ol Al BK vholgl2et #d Sl Zog iyt
A Weg doy|n o] el Held) whel tThYF 59 g Auk o]2]d BK wpolg|xe] A|@Aslel ol
FAAEE MAE Aoz dEA Yok 19939 Jin A5 oA AWFol FEg3 HAYRE Tz ol
Ve AE ge 94dHe @2 4199 AdolA o] #32d Fiek #Ed A, 283 BK A
BK ulolelxg F&sta) 470e "HsH I (1 1L olglz~ AW Fdl gk AW otAR WHAA
I, IV)S 73 =3 VPL #34 1744-18129 22k 1y BK vloleis AW Ed dslel &9
Q71K de Wolrt 471 A i A s A AFE@ A0t BK o]zl DNAC| ik AAfe] ddt
& gdopliRlon], g doA st EF HE A o VIZEE 100%2 AHAA Agd Solw
oIk 8} o]#fd 4712 BK #Hpoleix ¢ 7b Hojx e & FE dut? Hoe A o

,737
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sul gololA vlolel~ DNAS AEE AMF A9
A Folxg o§ ¥d £E Jou #n’l ey
ol defol A DNAZE HEHE RS wlelzx
ba AR Ee Fdoly AB3 GAke A
& oljsh WEA] BK wlelels AME S ofnjshis
A

A& oprh, Zey BK wholelae] A@4 s BK
A

9% el Bezgoln, 2ol ¥

i

gi2~ DNA 55 BK wholglx A
= A7g & 4
719 Aol A o)Al o} tacrolimus

4 MMFE 54 290 4 o4 #4504 BK ol
gz A Fe] HAgol %o} olg @A &
5 R A

7}
tacrolimus& 43 #AES AL CsAZE 5§

3 g H&3%
gArEo] Wal AW oA 9 ulolel~ DNA HEE
ol frejetAl Eston Hge] AL CsAE H4&
g gatgol wiEl AR foAd ZHs= 2
#E B, E3 tacrolimus®t MMFE 233 7
¢ A &S T HE AW dF Bl u)
S Ets @%%01 frofetA =t getd ol F
kA7t BK vhelgl 2o Aq&gdstel Fag ddxl

2 ‘37—,}%‘:} w3k _J_tqﬂx;]. & ollof] A] u}o]a}ig

= S
Y e duy %%*g% Hade el avan
g nefsia’ o] F opile) BEawe s
% BK delelx Adze] w4 shsaol AgaiA
i ol el o £% Ao® Ay o: %
o 1

aabg ggor gTslel FEselor ¢ A

fo
&
ol
ri
H
=
2

|49 BK Hielelxo {32137
wEate] A 130 /M e Ao AZEy, 7|E
Aol Aol wid A e N2 fARHo
EAsleE o= ‘%E}h‘ﬁ}‘ olg9] Sy oulE &

doz a8 #4
AHE #EstA AFE wHA el & Aolrh =
+ CsAXET BK Hiolg2 @48s &
ostA F7MA7)= AeZ HolW, Tacrolimuseb
MMFE #H8% A9 vlolgzo A&t o2 F
74 Reo g AlEETH

3} tacrolimuse

= Abstract =

Genotypes and Clinical Characteristics
of BK Virus in
Kidney Transplant Recipients

Mijung Kim, M.D., Dalae Kim,
Young-Soo Song, M.D., Hyuk-Jun Jung, M.D.
Myung-Sung Kim, M.D., Hesun Jung, M.D.
Jieun Park, M.D. Heungsoo Kim, M.D.
and Gyu-Tae Shin, M.D.

Department of Nephrology,
Ajou University School of Medicine, Suwon, Korea

Background : BK virus has emerged as a major
cause of allograft loss in kidney transplant recipients
over the past decade. The presence of BK virus in
urine or blood indicates reactivation of the virus not
necessarily accompanied by BK virus associated ne-
phropathy. BK virus genotypes have been described
based on the DNA sequence of VPl region, and no
data have been published on BK virus genotypes in
Korea. In this study, we sought to determine BK
virus genotypes and clinical characteristics associated
with BK virus reactivation.

Methods : We isolated BK virus DNA from urine
and blood of 103 kidney transplant recipients, and
amplified VP1 region using polymerase chain reac-
tion (PCR). The PCR products were sequenced and
genotypes of BK virus (I-1V) were determined based
on the nucleotide sequence 1744-1812 of the VP1 re-
gion. In addition, the clinical characteristics of the
patients were analyzed to determine the risk factors
of BK virus reactivation.

Results : Of 103 patients examined, 16 and 5 pa
tients were shown to have BK viruria and viremia,
respectively. Eight viral strains were demonstrated
to be genotype I, but the other 8 strains neither
matched with the genotypes from 1 to IV, nor did
they fit into any other variants identified in the
Western countries. Of note, 3 of these 8 unclassified
strains were shown to have the same tvpe of muta-
tions. With respect to the risk factors of BK virus,
tacrolimus and mycophenolate mofetil when com-
bined with tacrolimus were found to be significantly
associated with BK viruria and viremia.

Conclusion : It appears that different variants of
BK virus are prevalent in Korea compared with the
Western countries, and that the reactivation of BK
virus is significantly associated with tacrolimus. (Ko-
rean ] Nephrol 2006;25(1):69-75)

Key Words:BK virus, Genotype, Tacrolimus,
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