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Abstract

BACKGROUND: BK virus is a kind of polyomavirus. In recent years, with the widely application of new powerful immunosuppressants, BK virus infection rate is
continuously rising after renal transplantation. Kidney diseases caused by BK virus nephropathy have become one of the important reasons for renal allograft
loss. However, there is a lack of effective antiviral drugs to prevent or treat BK virus nephropathy. Identifying the high-risk population of BK virus infection after
kidney transplantation will help in the timely detection and early prevention and control of BK virus nephropathy.

OBJECTIVE: To study the relationship between the metabolic rate of tacrolimus and early BK virus infection after kidney transplantation.

METHODS: A total of 62 kidney transplant recipients from January 2017 to December 2018 in Air Force Hospital of PLA Northern Theater Command were
selected for detection of CYP3A5 gene polymorphism by gene sequencing, and then were divided into fast metabolites (CYP3A5*1/*1 or *1/*3 genotype;
n=28) and slow metabolites (CYP3A5*3/*3 genotype; n=34), according to the gene detection results. All surgeries were approved by the Ethics Committee of
the Air Force Hospital of PLA Northern Theater Command. The study protocol was also approved by the Ethics Committee of Air Force Hospital of Northern

Theater Command.

RESULTS AND CONCLUSION: The tacrolimus metabolic rates at 1, 3, 6 and 12 months after surgery were significantly lower in the fast metabolite group than
the slow metabolite group, and the incidence rates of BK viruria and BK virus nephropathy were similar between the two groups. These findings suggest
that kidney transplant recipients with CYP3A5*1/*1 and *1/*3 genotypes have a higher risk of early BK viremia after kidney transplantation than those with

CYP3A5*3/*3 genotypes.
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0 5|= Introduction

JEAER, Bl W PR B 2 Fe 3 ) 55 1 s 8, FE A
B HAEE R I T R R5RT, B SR O A
o AHREHIR RN, BRI A R AR Tt
Hodr BK g B3 ik ek AR R KRR B B . BK R EE SR 1Y)
BK 993 2 IMLAE PA A& BK 93 2 14 "5 i 8 i s el ' 4 A K B9 7 2
Mzhee, EESERH KRR CHEEE ™, BBH)E R BK
95 23 K 5 R M 4 0 45 fth 7 B ] (FKS06) 25 B3 2 ) 4 g2
M FBINAG K BT RN, TR R
JE BRI #3 EY T fE R A & T A e S ] (2 AR 2
CYP3AS ¥y ssm, H 5T CYP3AS*1 S5 £ (R 52 3 I fth T 5
FIAQ U A CYP3AS*3 4l & 732 % AR B0, R R AR
Y& CYP3AS JE A 22 25 1 5 i v 55 =) 25 AR 3 0 S 10 05
AN F R B B R 2 o P A AR B, IF
SESH IR 57 5 R AE JE IR AR BK i3k &, DALLBRAFH
3 [N 70 57 3% B T At 0 S ) 25 AR U ) 2 5 DA % BK 97 73 K
PR HE, BIETHERES BK RN R A
B, e S IR R 245 DL KRR B s IR TR W AT 2R

1 X5 FFF5%E Subjects and methods

1.1 &%t [EEE OB, SRR R ESA xR
1.2 i S3.E T 2020 4F 1 HEMRIRZE LR X 43 E1E b
SER

1.3 st% k#2017 4E 1 J1 & 2018 4F 12 F AR A AL B
X 75 72 [ B e 52 B A 1) PR BRE S 3 N 7O B e Nt
OB RFAMBRERE; @FiHEE RS + FHERE +
WICKA =BRGP G IHIRTT 77 58 O AT CYP3AS
FERT, OGN BK RS E. Abtrut: OBEVS
WRBET SR U s QA BSHAR R RIH R IRTE: ©
& I CYP3A 5 3R Bl 1) (anFAE~F- . RFR N BRSR259)5 )
Hy @R R A 5T 5] 259K BE 1250 ( AR ST REME .
FeIR TS ) #; OB G K ENKE mERER T & ©F%
TG KA ' D Re IR K sl S M HE 7 R RS AN R R B

A 62 BB E AT, Fils 18-59 X, 11 (39.11%
11.03) % . H4J CYP3AS JE [K 2 A M 4 W PRAR ST 4 (CYP3AS*1/*1
B *1/*3 K: K 7Y )(n=28) FI1E A 11 2 (CYP3AS*3/*3 Jik [X] 7Y )
(n=34), 2 2152 FAE Rk O B I A0 AR AR S S E B A4 A i 3
RBATE . BEFE SR ONEAET 4% B Rk ECE B R A L 62 .
FARYZ R EILE G X B F R R Aok, s
BN F R B AE A1
14 7k
141 SBEENaIT TR WALEEY TR 12 h JFih%
T e S [z ek dl 2 (R E ) AR AR, #E S
J20150102], #2UH7TEH 0.10 mg/(kg « d), 43 2 KA, R)E
g2 h kA, 9: 00 F121: 00 %Rk —k. BG4 R
M O 245 A T BRI VR R . W S S T R R B (e B IR 2
BIRAR, ##EC5: H20031240) & X &N 1.5-2.0 g( &
JiE< 60 kg B4 1.5 g/d, &) & >60 kg i 2.0 g/d), 4} 2
WER: BHEE 1 RIFE 1.5 g/d 48, A b 808 Ik
JE IR EIRE Y (WS 256 R A 7], #bifE SC5: H20080284)
0.5 g Bk AT e pb i, BAHJEEE 1, 2, 7 REMKH
0.5g, 5 8 RN By H ARk e b ( REE A HI 25y A PR A 7,
HEVHE B H12020123)30 mg/d. A 87 BRI E S bt (7 o
LETE, IEEHIZHE IRAT, #EHE S S20140053) G i,
A 20 mg BRIk, BAEGE 4 K 20 mg #RIKEEFE—IX.
1.4.2 FEACREE SR Ath v 5] 10245 9% BERE AR 4R 5 A6 Dl
T B F R A 7 5 5] T 30-60 min i A IR SR AE B R K
il 1.0-2.0 mL, & T EDTA-K2 $itE ( F ERIERHEARA
Al ) H, R TR G % W B 5 77 vk Ak B D 1) 4 ik
J& (PRO-Trac R57) &, W E DiaSorin A#] ).

2% CYP3AS BE R RUAT M. HOZ 3§ ki 2 mL, & T
EDTA Pt b, HEEUAME I DNA, % —AC 8 5k 7 £
(A6 5T E B B RIS W BOR A IR A =] ) A CYP3AS FEp Y,
CYP3AS [{] 35|42}y 5'-CAT GAC TTA GTA GAC AGA TGA C-3’,
R U5 4N 5-GGT CCA AAC AGG GAA GAA ATA-3’, PCR J% [
() 261 : 94 “C A M 5 min, 94 ‘CAF {4 305, 56 “CiRk
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30s. 72 ‘CHE{H 1 min N 1 MEER, FLPEFR 30k, H 72 C
FEAH 7 min, HUPCR PW)fdi H SBT ATR MR A /341, Sz B [
JR AR, I e B R A

52 35 L0UFH PR R 4R DA R BK 95 25 A Al L& Jik 1f
W2 mL, BN EDTA-K2 HLtE b, (7] JG B B BOHT i v B R
20 mL, KH PCREAR (bl s w2 Wi AR F R A A] )
for Ul L AN PR BK 5 ¢ DNA 2. BK 5 B¢ 5k 6] X 4 7 5
¥) P1 551K 5’-AGT GGA TGG GCA GCC TAT GTA-3’, P2 [N
5’-TCA TAT GGG TCC CCT GGA-3’; TagMan #R4t 7 %1 Jy 5'-AGG
TAG AAG AGG TTA GGG TGT TTG ATG GCA CAG-3’, JL 1 5 it
fit H FAM Frid, 37 o ff ] TAMRA brid. 43 2% 1F 4 50 C
2min, 95°C 10s; 95°C 10s, 60 °C 31s, 40 NMEH. HELE
M5 75 G

BESZER: 7 HET R R GI7E 160/95 mmHg L
T, BEMINAEIER . BEDUDEML, WREE, RO
AN ( R RS ARAR ) e F R E, 2R
(WL REEHIZHRAR, S H37022147) &5
B RO, R A SNSRI IR R 2 mm, ERE
515 TR 16 5 2 B TR AE 1 _E AR S5 2 AT R AL IG

RIZM: KT ISR B T R ESER N, B
MLy 2 85y —HBor [ E BB R, 51—
A VIR JEAT HORRE - R e, IR T R et )L
Masson = ff Ju 4, ) [F] I 4T 1gG. IgA. 1gM. Clq F1 C4d %%
AR, S T MRS R O
143 ZEBMEEMEU sl S 6 N H W 1
W, 6-12 /N IR H B 10 AT H R & 24 h JRE
PHER 7 R 50 E. S Thae. |1 (. 8. &5 ).
il 5 B ] 0 259 BE DA B BK 5 B3R B AR 1L (BK 9 B JRAE . BK
JEEEIMAE . BK R BEPE B9 o

TSR E S 1, 3, 68112 /N AR 1t msiHE
I 259 Ffh ve B w3 . T2 B A e SRR R, Aih
TS EARM R = At TE SR 259K / A e SR A M. BK R
BEJRAE B2 A BK 95 5 DNA KR I 2 1 { 5%10° copies/L,
M 24 J& BK 4% 2 DNA #% & >5x10'copies/L i 4 &1 7K V- BK %% 25
PRAE; BK IR EEIMIE MIMAY BK % B3k L 1x10%copies/L, i
ML BK 95 23k B >1x107copies/L I Iy B BK 955 35 IMLE ™,
FotE 'S 27 SRR 2 W7 BKOR B B0 1 e hnifE,  FR7E W S
PN LB BK s B AR A, T AR R BRI R 5 26 AN [RI R
(1R 2545 AN 2T 24 A Bt LI S5 T 2
1.5 EZMRIEAF BBHEZHEMETE. 24 h RE, ik
JRE T R AR FPEThAE. Bk, e B H] M 259K
B AR R AN R BK i 2Rk i
1.6 ZeitFE 441 K SPSS 25.0 AT AL Hr . FE TR}
K xts Rono TR DL (%) Koo BH R FIPET L
KRR A . L) LR FH O AEAS ¢ AR 36 B
KI5 2200 M THEBERH SR R 7 ke 46 51 Fisher 5 HE
Rk ir. P<0.05 NZERAEREMEE L.
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2 Z5ER Results

21 FRRATREESN 62 BIEBMEZE, TARMAL. R,
22 ZHRLER L WHBEBEZERMER. FE. mRE.

VLB PA S i 2185 22 S o B 38 P& X (P > 0.05), AATRL
o ZHEREEIR 1.

=1 | HAEBESTENELRSER

Table 1 | Basic data of the two groups of recipients

T H PR (n=28) MR (n=34)
R (% /%, n) 22/6 20/14

LEES (x4s, %) 39.75+12.09 39.00£11.15
R (X+s, kg) 67.54+13.80 67.63+14.78
FEAEAT MLVLET (X+s, pmol/L) 959.18+256.71 938.82+234.56

FMERT ML (xts, g/L) 117.25+14.92 114.94416.17

23 BBMEZAH CYPIAS KRR LR ,H 62 flFRiEZH
CYP3AS JE[KI 5153 51| g CYP3AS*1/*1 Y ( Bf AL 2li5 1 )3 9] (5%,
3/62). CYP3AS*1/*3 Y ( G AR A Ik 4 1 )25 {4 (40%, 25/62)
DL 2 CYP3AS*3*3 I ( 2% 4% 1 4li & 1 )34 4 (55%, 34/62).
H fpCYP3AS*1 Z5 £ B [ K A S R 25.00%(31/124),
CYP3A5*3 4 fif Bt (K] &t & A= 45 & 75.00%(93/124), W [& 2.
g5 W R, CYP3AS 5 i B K] 43 A A0 tH B4 #6 #F & Hardy-
Weinberg 47 .

24 CYP3AS AW % A5 BEHETHtb it LRt R X
4 PUREHAZE A BIE)E 1-12 D H N b T s a5 4%
WA T2 R4l (P<0.05), LFE 2.

2 | AT EBEETEREMN MR ERRNRHET

[x+s, ng-kg-d/(mL-mg)]
Table 2 | Changes in the metabolic rate of tacrolimus in the two groups at
different time after transplantation

BAa a1 (7)) PACUHAL (n=28) 12 ACHAL (n=34) P{H
83.62+28.32 167.65£85.47 <0.01
3 87.99+33.98 189.28+92.06 <0.05
6 104.24+42.98 205.98+102.94 <0.01
12 113.6949.17 216.58+134.68 <0.01

2.5 R[] CYP3AS A B % # BK m o) B M4t 62
Bl 52 b, BKOWREIRAE 19 1 (31%) BKJW B MLAE 7 B (11%).
BK 75 5 VB 3 491 (5%), W3 3 MM 3. tRAREIAL BK i
M 2 G 2 v T 18 AR5 4 (P=0.039< 0.05), {H W4 BK J5 7
PRAAE I BK 5 25 P "B g JEk Gl %2 22 J7t U i 3 1R R L (P=0.18,
P=0.087). & WAl 7 5L w] YA 52 2 AR T8 AR 32 8 4
Sy I, BK o4 75 IMILYE

%3 | MEBBETE BKRERIE. HEMEN BKREEBERAEE
SLELER [n(%)]
Table 3 | Comparison of incidences of BK viruria, viremia and BK virus
nephropathy in kidney transplant recipients between the two groups

Bl PRAR L (n=28) 2R (n=34) PE

BK 75 2 JRIE 11(39) 8(24) 0.180
BK i 2 MLAE 6(21) 1(3) 0.039
BK 95 B 1 B i 3(11) 0 0.087
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Figure 2 | CYP3AS genotype sequencing results of two groups of kidney
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Figure 3 | Pathological examination for BK virus nephropathy

3 i{1i¢ Discussion

BK J3 5 J& 22 IR B KRR 01, — FMRAFAE T N A lh JR 1
JAM L S A, H LTS R PR B R 4B A BK R
— AL EI R EIhEeRE, (H2 R OB gtk Yo 2 .
YA 2B BN G e R e R B LR, TREERTAE
RN RGOS, R /NE LA AN A A R B ],
TP RN T S8 TR R A G BB RA B
1) BK o BRI YL o 117 RS AR 52 38 1Y) BK 5 55 IUE K 2 B4 o

AR ER, ZH GG BRI EERAE B W 8 IMAEFI BK 55
BRI R AR AR N 30%-60%. 10%—20% A1 5%-10%,
HBKIHE M T W@ s R EBAEESE 14E, P RAES
N 4.91%, A 45% 1152 H S i E Thie B,

A By b TR Lo 1 il | I S0 L T P
BH RS SR R R A, BRI ESERE
JEAUHE T BN 5 T (8 ok 3z Y TR R e
BT H S e A0 2k BiHE R IR T, DAMRUER A A
TR, R 238 B S e me JIFRAR, AT B 0 2 B g
BRI 25 B R 1) R 5 B B 1) 5468 P 2 2 DR AR,
G BERM TR B R, B R BE R . th TE 5 ] J2 BK e FE
BRGL IR AR R 2R, DA 3 55 =) Bt S % VR T T IR 523 BK
R TR T Y, SR AT A N PR R
G E B IR TG o] PN BK R AR M, i fth o0 5 =) U N
LRSS A 12 {23 BRIF RIS S E K. e
BE AN I IR EE 25 Y R R, PG Sk . DEMEY 25 1
AR A 5 B =] G B ) U7 8 W) FEAS [E) A2 B 3 0 BK 9 B I
S FRTJRURS: T Ath 5 2 =) A Sk HE R e B R VR 1 5 7 BK i B
PR R A A S5, KIZILBASH 25 M) % B fth 5 35 ] 4 s ¥R I
HI'E R 2 B G 14 BK R 75 I E R G R 0 55 v T A
RS2 H . LU 2 B 15010 2 SR RTREVERT 72 b,
RIUR A v 5] i VR 7 1 B B S A S BK R R
ME R R B B T EIR T ¥ . 15 CYP3AS*1 S5y KL (Al
{1 B 5 41 32 5 2 3 B 7 (1 CYP3AS if, 1] CYP3AS*3/*3
i & T REEZE 10 CYP3AS S ERHK. 57 CYP3AS*1 &5
A7 L PR 1) B A AR 2 38 11 Ath 7 5 R AR EHE 2 L CYP3AS*3/*3 41
BT IR 52 By U 020 B B M v 5 R e VA T AT
4 BK B gL, I H AR 28 X 32 3| CYP3AS B[ %
AYERIFm, T CYP3AS B X Al 7R B HE B /N L RIS, BK
JREE R TEF/NE LA N S, B R B AT
R ) 75 AT 07

LR AL B AR A B AS (Rl At 3 25 J AR 2 5 R 4l s B
M BK BRI A kB, AN SR AR CYP3AS JE[R 2
A 7 5 F AR 2, 45 R IR 4 32 1 B R IR
ER RS TR A Z T B REEMEZE L (P>0.05), HJ5H
FATRE T BRI A SR TR RS, REMLEEZR
PEAHEYT IS, BK B S 5k BK W RAE R KA. H
2, PURBHAETE 6 1 (21%) 5234 1 BK 95 3 JRAE & & N BK IR
B, BARWHLE 14 (3%), KRR BAZTHERHEE
EH BK %7 B JROAE &2 R v BK U B [UAE 1 ARG B2 B 2 v 124X
WA, BT B4 51 2, P4l 3 4l
(11%) & J& R BK i B P B o, 1T M2 AR 2 G /8 35 & i 9 BK
SREEPE B . SLIRET A R IA 52 3 78 & A BK 5 B ILSE 5
BT ML A =SS TR HE MR, (R miR kRN
BK 7 B 1B i o 3 BH BK 93 35 7E ML v B S I, BRI
HHRE N BKIFEME R, (HOESXHE S Thetid i E,
X 5iE5% PR RS BB B SRR, BK R IR
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P52 22 WIS VL KPR A2 # S BT &, B BRI
DNA # & 5 R 1 B ThAE A5 05 R B S IE A 26 ®. 5 4F, BK
995 7 ILAE 1) /=) DNA i 35 308 B RS A 52 35 B8 5 K A2 S It 4 B
SRR, H2xt B R 52 R B h B RS VT3 s
BK IR EE /L B R o8 2 — N E E Bk X BK i 2B e
VRN T R % e 05 B 4 kAT R 20 2, AT AT BE I E A
PRI IEI T %, REDSBEENRE. Fik, NF
RTRI B R A R A i TR BK 7 1 B i RS e S e A
MESHIE I . X TR BK 8 JROE B, B UCRINVEY)
eV %, WA 1-3 S ARSI — IR BK 9% # DNA 3%, 7l 3]
AUET BK 5 BRI AR R TR /KF BRI R IRIEE &, TR
H 28 K. 28 0 1) 7500 0 27 8 G Aeh 5 55 ] PEAIR 25%-50%, At e
TR IR PEARRF <6 pg/L, W I FEFA ML 50%, TR <
1000 mg/d, LABRARAZEMbI TR, 4k i AR BK 7 2% HAE (14
KA. ST BKIRFIMGE, S&4a VA rE, WFEZEd
AT I 4, TR A T SR R ORI R, AR
MBS MR EAMRNIRE ., — B RIERE N BK R E
B, SRS B BB, 2 T S 400 o 7R e 48 ) [ e
PN G EBREE A BETT,  JFARYE SRR 17 1 18 8 4 72 #1771
FlE LRI KPR S IR 2. 1EE 7R LR 2 R 5T BK
Jpa B MURE AR LEF R, 3 22 R SOR R B & 2 0K
WRER SR T, T R RAR B = WLEF /K SF,  [R)  ZE 2% BK Ji 2
PEER IR B . X ENE T X Z%% P BmE T4 R

25 12/ @7 Wy I K R RO ) S P R 1 B 0 E D
MDA A VIR, KRR LB KA RS 20
PSS, AR BIE MR AR g5it. i B7E BK i 75
P IR T I AR O T R e S E S R B g
2 25 Ty e D) 75 2 K ) B 7 ) T B A AT SR BRI

25 FRTIR, Ath v S E PR Y 2 3 BROR R R e A
Syt BKR BEIMLAE, PRI BK 9 75 MR e ) 5 B

Higt: Aot BARMAKE LK R T F B IRk KN OPO A% VA
B ERACTEE R A AR H B,

EETTIR: W RAR KT TARER L FIRE H F— & B 5H5) % —
KRR AR, BIRAEH B 7B AN 7RIS TN R BAG L F .
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MR AIRE .

ﬂﬁwﬁ:ii%&%%%ﬁ%7E%ﬁﬂ%%iﬁﬁﬁﬁﬁ#%ﬁ&
UER S

HAMEIREIRR : 2l RAFZ 6 FAbAE & (M RFAZ T FMEAFE b3
KRR TEERMSARAIACEEZR. FRFANELREFTIMAESRT
BT RER.

MBRIERIE: 25 FRKOERMRBELTEA ARSI, FIARE.
ZHEBFRBG T AR ALERE, EANTHEAFTENTRTEE
T “hlBREHR” .

S{EiE/: @A R8T CAERAUT RIS RIR IR HF R IRE 45 H) (TREND
F).

NEEE: LFERTOEEE LR IG5 LRENALAITIAREE,

XEIVE: XFZDRATHEFERWEING, RATIPBOAN X EF N
FILFEE .

MG FER: LFRTFFT R OERAELRREEEERAENS
tFEREM,

TEM: LFHRALECEH L RMEFBRBRALE T BAAE XL,

FHGREVERR: X2 —BF AU FE, BB (ot ZHF T “F
2 - JER AR A - AR F R EF 4.0 L%, EAEIAHERLT, AHF
HAAER bt B A F R A S, ARy &, R AHETHF A
. TH. N . 7. AR, BBKEIZH, FHZIHEI RS,
JAVE SR 69 0 ANBRAE R AL E AT AR R AR

716 | PEHEATIERAR | 58264 | 5558 | 2022928

4 £E ik References

[1] SAWINSKI D, GORALS. BK virus infection: an update on diagnosis and
treatment. Nephrol Dial Transplant. 2015;30(2):209-217.

[2] PARK WY, KANG SS, JIN K, et al. Long-term prognosis of BK virus-associated
nephropathy in kidney transplant recipients. Kidney Res Clin Pract. 2018;
37(2):167-173.

[3] AHLENSTIEL-GRUNOW T, PAPE L. Immunosuppression, BK polyomavirus
infections, and BK polyomavirus-specific T cells after pediatric kidney
transplantation. Pediatr Nephrol. 2020;35(4):625-631.

(4] DEMEY B, TINEZ C, FRANCOIS C, et al. Risk factors for BK virus viremia and
nephropathy after kidney transplantation: A systematic review. J Clin Virol.
2018;109:6-12.

[5] HIRSCH HH, VINCENTI F, FRIMAN S, et al. Polyomavirus BK replication in
de novo kidney transplant patients receiving tacrolimus or cyclosporine: a
prospective, randomized, multicenter study. Am J Transplant. 2013;13(1):
136-145.

[6] SHENAGARI M, MONFARED A, EGHTEDARI H, et al. BK virus replication in
renal transplant recipients: Analysis of potential risk factors may contribute
in reactivation. J Clin Virol. 2017;96:7-11.

71 2P, RS, FEEY, A5 B RAEARSE B TR SE R 2 2 1],
[ 2B T A 24 ,2017,30(5):525-529.

[8] LARGEAU B, GUELLEC CB, LONGUET H, et al. Comparison of Tacrolimus
Starting Doses Based on CYP3AS5 Phenotype or Genotype in Kidney
Transplant Recipients. Prog Transplant. 2019;29(4):300-308.

[9] CHEN L, PRASAD GVR. CYP3AS polymorphisms in renal transplant recipients:

influence on tacrolimus treatment. Pharmgenomics Pers Med. 2018;11:23-33.

BURK O, KOCH I, RAUCY J, et al. The induction of cytochrome P450 3A5

(CYP3AS) in the human liver and intestine is mediated by the xenobiotic

sensors pregnane X receptor (PXR) and constitutively activated receptor

(CAR). J Biol Chem. 2004;279(37):38379-38385.

THOLKING G, FORTMANN C, KOCH R, et al. The tacrolimus metabolism rate

influences renal function after kidney transplantation. PLoS One. 2014;

9(10):e111128.

VR, BREDRA L BB BKORITE B AR AL B R dT D). B S8

MR 2 & ,2016,25(5):484-488.

BALBA GP, JAVAID B, TIMPONE JG JR. BK polyomavirus infection in the renal

transplant recipient. Infect Dis Clin North Am. 2013;27(2):271-283.

HIRSCH HH, KNOWLES W, DICKENMANN M, et al. Prospective study of

polyomavirus type BK replication and nephropathy in renal-transplant

recipients. N Engl J Med. 2002;347(7):488-496.

NICKELEIT V, HIRSCH HH, ZEILER M, et al. BK-virus nephropathy in renal

transplants-tubular necrosis, MHC-class Il expression and rejection in a

puzzling game. Nephrol Dial Transplant. 2000;15(3):324-332.

ZHANG X, LIU ZH, ZHENG JM, et al. Influence of CYP3A5 and MDR1

polymorphisms on tacrolimus concentration in the early stage after renal

transplantation. Clin Transplant. 2005;19(5):638-643.

KIZILBASH SJ, RHEAULT MN, BANGDIWALA A, et al. Infection rates in

tacrolimus versus cyclosporine-treated pediatric kidney transplant recipients

on a rapid discontinuation of prednisone protocol: 1-year analysis. Pediatr

Transplant. 2017;21(4):10.

LIU LS, LI J, CHEN XT, et al. Comparison of tacrolimus and cyclosporin A in

CYP3AS expressing Chinese de novo kidney transplant recipients: a 2-year

prospective study. IntJ Clin Pract Suppl. 2015;(183):43-52.

LIN'YS, DOWLING AL, QUIGLEY SD, et al. Co-regulation of CYP3A4 and

CYP3AS and contribution to hepatic and intestinal midazolam metabolism.

Mol Pharmacol. 2002;62(1):162-172.

HAN N, HA'S, YUN HY, et al. Population pharmacokinetic-pharmacogenetic

model of tacrolimus in the early period after kidney transplantation. Basic

Clin Pharmacol Toxicol. 2014;114(5):400-406.

THOLKING G, SCHMIDT C, KOCH R, et al. Influence of tacrolimus metabolism

rate on BKV infection after kidney transplantation. Sci Rep. 2016;6:32273.

INERT, Y5, Mt , & e BRI R W R A A S 55 BK i 5

JRYL) e 2R ()], S ERSAE ,2018,9(4):278-282.

W, APR, BB, AR EBAER S BK R BRI A B A T RE RS

MG R 7E ). 28 B4 4H ,2018,9(1):51-57.

GINEVRI F, DE SANTIS R, COMOLI P, et al. Polyomavirus BK infection in pediatric

kidney-allograft recipients: a single-center analysis of incidence, risk factors,

and novel therapeutic approaches. Transplantation. 2003;75(8):1266-1270.

TEEB, 22300, I, 55 BK R MUAEXT B R A 5 5238 FIRS A 5 o

REsCIRIG RAIE 7S (). H4ERe AR 24 & ( HETRR ),2020,14(2):96-100.

B TR AN, A OREURRFII S RIS IR ST B A S

BK i BEAH P B )], db iK% 244k ( EE2#hR ),2020,52(2):385-389.

[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]
[23]

[24]

[25]

(26]

( FTATgmi: Y, ZN, SX)



