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Influence of Vitamin D Receptor Genetic Polymorphism in Recipients on Concentration of Tacrolimus in
the Early Stage After Renal Transplantation

HU Nan, ZOU Sulan, JIANG Yan, YANG Xuping, DONG Lulu, LING Jing*(Department of Pharmacy, The First
People’s Hospital of Changzhou/The Third Affiliated Hospital of Soochow University, Changzhou 213003, China)

ABSTRACT: OBJECTIVE To investigate the effect of vitamin D receptor(VDR) genetic polymorphism on the concentration
of tacrolimus in renal transplant recipients at early stage after transplantation. METHODS The 360 cases of renal transplant
recipients who received tacrolimus, mycophenolic acid, and glucocorticoid were recruited. CYP3A45(rs776746) and VDR(VDR
Apal rs7975232, VDR Bsml rs1544410, VDR Fokl rs2228570 and VDR Taql rs731236) genotypes were determined. The
differences of concentration(C), dose(D) and the ratio of concentration to dose(C/D) of tacrolimus were compared among all of
the genotype groups at the seventh day after renal transplantation. RESULTS The C and C/D of tacrolimus in CYP3A45
non-expresser(GG genotype) were all significantly higher than CYP345 expresser(AA and AG genotype)(P<0.05). When taking
the different CYP345 genotypes in consideration, it was found that the C/D in patients with VDR Apal rs7975232 AA genotype
was significantly lower than those with AC and CC genotypes for CYP345 non-expresser(P<0.05). However, VDR Apal
rs7975232 gene polymorphism had no influence on C and C/D of tacrolimus in CYP345 expresser. Besides, no matter in
CYP3A5 expresser or in non-expresser, VDR Bsml rs1544410, VDR Taql rs731236 and VDR Fokl rs2228570 had no effect on C,
D and C/D of tacrolimus. CONCLUSION During the early stage of renal transplantation, the polymorphism of VDR Apal
rs7975232 show significant relevance with tacrolimus concentration in CYP3A45 non-expresser. The detection of the genotype
might be helpful to guide individual therapy.

KEYWORDS: renal transplantation; CYP345; vitamin D receptor(VDR); genetic polymorphism; tacrolimus; drug concentration;
dosage

PHUS BRI ) A S R e H AT B A SESE ARG TE, BHWT IL-2 #e sk, I T 40
PEANHF PO sl 5NENE Ak, RIEREEMEIE . T s R AR N 32
HMINZ REE & R SY), MH K A BERREG e IFER/MZ T CYP3A BT, fl s 5 mI IRy

EEUE . VLA TIIE I EE B 2e 2k 15 0 T 24 -0 25 LRI 4 300 H (7Y202043) ;& M T RkH Sk 50t g2 15 1R - 0 7 15 PR 24 2 1 5 S0 5
25 (CM20223005)

EZE N Wi, o, W+, RIREH0, Bs E-mail: hn_324@163.com BEEE: mE, &, miL, EESm E-mail:
lingjing198888@126.com

1996 - Chin J Mod Appl Pharm, 2023 July, Vol.40 No.14 rp E R FHZG 2 2023 45 7 A5 40 BE 14




WAEHAMRZES K, M2 E &S a 5] R
AR SCHERR RN, BRI R 7 2EA TR YT 259
e B Wi (therapeutic drug monitoring, TDM), Jf
R VR J3E % Isf 8 % FH 205590 o 3 4 ok K SCHik
T DA e RS2 i BRI Y e ), — SRl
il | A AR A2 A S IR DR 22 2 P XAt 3 5 ) i 24
JER BB, Hrp CYP3AS rs776746(CYP3A5*3)
FE DR Z2 AR IE 52 5 Al 5 B ] vk B A AR R A AH O
PR, IF HSCRs i A AE 1 UGR i Bt A0, A
& D ZAK(vitamin D receptor, VDR)J& T Z K
NRIT WHEM . VDR SHEA 1,25-(OH),VDs(fif
PR “VD3” EEIE ST —RIK, B CYP344 FEH
T4, MBS CYP344 (F2ik08, G HF
FERIRIMNIE VD3 7KF- 5t 5 53wV FEAEAEAR O
PR, VDR JERNZ M0 CYP344 B IR A5
ey, DT S B A T 5 B 24 o F A AR 25 5 . VDR
ZRMEWE 12, U VDR Apal rs7975232(A>C),
VDR Bsml rs1544410(G>A), VDR Fokl rs10735810
(C>T)F1 VDR Tagl rs731236(T>C)%: , HFii A 3¢ VDR
FEPR 2235 M Tl 5 55 W] VA R e () A g A A 1101,
AT BT CYP3AS5 F VDR FE R Z2 354X
ARG R FHGH 7 Kb m ik E R
M, 5 A At 5 5L MR 25 $R 2 AR 3
1 MR MREHE
1.1 X%

AWFFE Ay PR AR 5, S 2012 4F 1 H—2021
A1 AR NS — N R Bz R Fp Sk B A
R E ARG . PASRUE: TEEF e BBz
TZEBETA; >18 i%; FAFIRETRCH;
BHMEZEARE 7 d PR Os / B RIS 24
Yr-+bE R PR = BTHER O %8s AU Tt e e
RAIT SN . HERRPRIE . TIRE A2
MR SR E 5 R 9323 5 ARG 7 d WIRIETEE
JH CYP3A Fl s mn 2 # . AR
360 il M T B BB AU A 0 H R 5
HEEURZE O, 2528 TDM Bl 4 i
SR RNRYT IS B . R A e B R R
0.07~0.15 mg-kg'-d™"', HK 2K, H 8 fFINE 8 ri
FRGZS, EHRFIEAEEBAEARGSE 1~3 RAT,
BftIe 7d &4y, BB E IR 75 RlARR AT,
TR EARZGHT 30 min 23R 0 2~3 mL, RAIIAH
A G ) 2 5 A b v B ) 25 BB,
F I Z SR Y MRAE AR B T2 5 i e =

P AR F 255 2023 4R 7 5 40 B4 14 1

Bt B AR R AR . AWFFR A5 N K2
= BEBAR R ot (2021 BB 151 9,
1.2 RS AT

K FH 28 & 4% I v (polymerase chain reaction,
PCR)-FR il 4 7 Bt K & 22 5 (restriction  fragment
length polymorphism, RFLP)H: A I'E FEAH 32 &
CYP345 I VDR F:PHEINS), KB IRZ 5
(single nucleotide polymorphism, SNP)f5| 431
W 1.

#*1 PCR 3477
Tab.1 PCR primer sequence

F A 5, 519
CYP345rs776746 1E[514): 5-AGAGTGGCATAGGAGATA-3

R Ia51% . 5-ATGAAGGGTAATGTGGTC-3"
VDR EMSIH: 5-GGATCCTAAATGCACGGAGA-3’
Apal rs7975232 g |y, 5".GCCACAGGCTGTCCTAGTCA-3’
VDR EM5#H . 5-CGGGGAGTATGAAGGACAAA-3’
Bsml rs1544410 i yaly . 5. CTTCCTCTTCGGCCTTTTCT-3
VDR EmBI¥Y: 5-AGGGCGAATCATGTATGAGG-3’
Foklrs2228570 g sy, 5-CCCTTCATGGAAACACCTTG-3'
VDR FE5I14: 5-GGATCCTAAATGCACGGAGA-3’
Taqlrs731236 7|4y, 5"-.GCCACAGGCTGTCCTAGTCA-3’

1.3 SGiiteghba

BRI x 5 o1, i SPSS 19.0 %
Fo 2 KA A R 3 A& 545 & Hardy-Weinberg
AT AR EE T 25438 A o DRI A e o 79 o 2
S5 P<0.05 TR 2EF BAGHH R
2 #R
2.1 — R

360 11 R A AR 1 — R BERE, A
AR . RERE . REAEATIMZLEE . IR DD RE S 4R
PRI 2,

2.2 A R R R R R o A

CYP3A5 rs776746. VDR Apal rs7975232 . VDR
Bsml rs1544410. VDR Fokl rs2228570. VDR Taql
rs731236 WSR3 518 70.69%, 71.11%,
4.31%, 43.19%F1 4.17%, FePRAI K 27 3 R A 5
W32 3, BALEIFFE Hardy-Weinberg A, 5
TERLEA BEAACERE
2.3 CYP3AS rs776746 3R Z 25PN 78 5w e
JE ()52 ]

WA CYP345 rs776746 R RIS DK i %
4R CYP3AS5 FiRh4(AA F1 AG BD)FT CYP3AS5
FIRH(GG W), HABRHEBHEANS 7 dfhrisin]
ML 2% H¢ & (concentration, C). & (dose, D)k
J£ 501 e (ratio of concentration to dose, C/D) WL 1,
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T2 BEBEEFHN—RER(X+s,n=360)
Tab. 2 General data of renal transplant recipients(x s,
n=360)

i H 2R

YR /405 247/113
AR/ % 36.14+10.66
M kg 59.28+13.44
M dEH/g L 120.18+20.36
A ER/U-L! 17.42+10.59
B R/U-L 15.40+7.91
BB R /UL 165.94+122.55
SR /umol - L 3.00+2.22
BBLT 2 /umol - L 5.49+2.40

1fiL 75 WLEF/umol -L! 853.14+280.60

2 [ T B E] A D $2AT, 1 CYP3A45 k4 C
PIK C/D TEARSG 7d BEMT CYP345 AEFEH
(P<0.01).

2.4 VDR FEH 2 25 M XAt 7 5 ) e A 5 )

VDR 4 3N Z (VDR Apal rs7975232 .,
VDR Bsml rs1544410. VDR Fokl rs2228570. VDR
Taql rs731236) ALK B e 5wl C. D
K C/D WL 4, F4LAIM D Jo2E5 . 5N
ARJG R 7 5 F] A9 C K C/D ¥ 0 8 E 50 . VDR
Apal rs7975232 AA RYUBE M BEH] 1Y C A1 C/D e
BAC HURN CC UMK, H2ER TG L,

2.5 MR CYP345 B3RS, VDR BERZEME
Xl 5 B ) I R )

g E—E ST CYP3AS Fll VDR H:[H £ 251X
v S R R BE RS, SEEARYE CYP3AS rs776746
HEESRG, G T RIR VDR 3R 22517
CYP345 FkI AR R AP b FEEERE) C. D
K C/D,

%R 3 CYP345rs776746 F1 VDR Apal rs7975232, VDR Bsml rs1544410, VDR Fokl rs2228570, VDR Taql rs731236 # [A &

A £ ] AT E (n=360)

Tab. 3 Allelic and genotypic frequencies of CYP3A45 rs776746, VDR Apal rs7975232, VDR Bsml rs1544410, VDR Fokl

rs2228570 and VDR Tagl rs731236(n=360)

A R TREZ SO i % BERIBUATR % SEALHER BEL S HE R/ %
CYP3A45*3 rs776746 AA 38 10.56 A 211 29.31
(A>G) AG 135 37.50 G 509 70.69
GG 187 51.94
VDR Apal rs7975232 AA 33 9.17 A 208 28.89
(A>C) AC 142 39.44 ¢ 512 7111
CC 185 51.39
VDR Bsml 751544410 GG 329 91.39 G 689 95.69
(G>A) GA 31 8.61 A 31 431
AA 0 0
VDR Fokl 152228570 cc 126 35.00 ¢ 409 56.81
(C>T) CT 157 43.61 T 311 43.19
TT 77 21.39
VDR Taql rs731236 TT 330 91.67 T 690 95.83
(T>C) TC 30 833 ¢ 30 4.17
cc 0 0
_ 40 - N L 0.4 500
‘ e o - b
1 = 1
5 30 - ° 203- T 4007 .
£ &0 2 b .
) 8 £ i § 300 1 . :
& 20 ® 15 0.2 & &
A F o wE 2004 .
R " P
B 10 1 ) 0.1+ - = & 100 4
g o S
0 ; = = 00 . 0 :
AA+AG GG AA+AG GG AA+AG GG
B 7Sl HREA B 7Sl

& 1
5 AA+AG BB, DP<0.01.

T CYP3As 2 AMREH T EARE. FERKE

&

Fig. 1 Tacrolimus blood concentration, dose and ratio of concentration to dose in patients with different CYP345 genotypes

Compared to AA+AG patients, VP<0.01.
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R4 TF VDR EFHE REH T EEKEC). 7 E(D)
FOR 7| & H(C/D)

Tab. 4 Tacrolimus blood concentration(C), dose(D) and
ratio of concentration to dose(C/D) in patients with different
VDR genotypes

o C/D/
{ 5 £ | 76 N ol d-!
FEFf R HEEB Cng'mL!' D/mgkg!-d ng-kg-ml'-mg '-d
VDR Apal AA  6.3543.51 0.088 9+0.033 1 73.74+37.52
rs7975232
(A>C) AC  7.18+4.36 0.086 5+0.039 3 90.65+60.48
CC  7.05+4.29 0.088 6+0.037 5 87.47£52.92
VDR Bsml GG 7.09+4.35 0.088 0+0.038 1 87.62+56.00
rs1544410
(G>A) GA  6.55£3.06 0.0859+0.0317 86.07+56.48
VDR Fokl CC  6.92+4.60 0.088 1+0.039 9 85.53+58.93
rs2228570
(C>T) CT  7.18+4.48 0.089 2+0.039 8 88.22+58.20
TT  6.56£3.61 0.084 6+0.036 4 86.18+53.35
VDR Taql TT  7.12+4.33 0.088 4+0.038 0 87.74+55.99
rs731236
(T>C) TC  6.17£3.22 0.081 3+£0.032 3 84.84+56.58

cc - - -

VDR Apal rs7975232 AN[FEZEF RN} CYP3A45 3
R FAEFA A M SR C S C/D B2 WLIE] 2,
16 CYP3AS Fek#h, VDR Apal rs7975232 ARk
RI#E] C. D C/D B A Sei2¢ 255 MTE CYP345
KR40, VDR Apal rs7975232 AA %1 C/D 1%
T AC Il CC #(P<0.01), AA I C KT AC F1I
CC B, (HEFIEIT=E L,

VDR Bsml rs1544410. VDR Fokl rs2228570 .
VDR Tagl rs731236 AN [RIEERIBINT CYP3AS Fik gl M
EFERH B TERE R Y C 2 C/D ¥ B R

3 Wit

s s SRR AR R RIRE, dh:
BRI IR AR . B OIS,
AR AT & IR 24 A il RN i AR A R TR 2 38
P A 2 52 e At 5 5 R AR AR R R R
CYP3A45*3(rs776747 A>G)Je& Hij & XAl 78 54 7]
A PR e 32 S i e A P 32 PR 28 A8 1 o CYP3AS*3 %%
WALFRE CYP345 BRI CIhREM R, BEIE T
fiX, PRI EE TR, B85 T AE URAZH iy T i
SIMTIE CYP3A5 RIR)BEE AU B RS A B i o 5
RV BE RS2, RISCHERIRGE — 3, CYP345 dERIA
) C I C/D HEARE 1A HNSARHEL S B E
T CYP345 Fak AP lAMABIL th % B ABCBI
3435 Fl POR*28 %5 HE N Z2 8P 5 se 5wl vk B
HA—EHEN DL R b 58 50 w9 B )8t 4%
AR 5 1% A e 58 M R e 55 R MR 22 7
DAL, DR AT XS LA AT R s e il 5 55 ] £t
(3R 2SI TR R

VDR W Ji¥% CYP3A4 555k, VDR F&
A T dk 12q13.11 KB, /9 Ao 1F0 8
NN TFHNR, BKEZ 75 kb, VDR ZENFEZL
A~ SNP I RWFGT 21 VDR $£K SNP A Apal
rs7975232(60 F 55 8 W&+ 1) Bsml rs1544410(fiL
T4 8 W& T 1) . Fokl rs2228570(1i T4 2 4
T L), Tagl rs731236(hi 55 9 M@ T 1), VDR
Apal rs7975232 Fl VDR Bsml rs1544410 58755

CYP3A5FRH

7 15 5 015 5 150

o =
&p ~ I -

= bo
@ 10 é" 0.10 @ & 100
g i g2
E{ 5 ﬁ_f;, 0.05 Eg" 50
= ) i e
& = 0.00 = 0
=~ = . =
AA AC CC ¥ AA  AC CC AA  AC CC
B 7S il A FR A
CYP3A53ERR4
715 © 015 3
£ 10 &, ' g 130
& mﬁ 0.10 %TE -
¥ =
T 5 E 0.05 "?E
i iz L 50
i s B
a0 = 0.00 2%
AA  AC CC == AA  AC CC AA  AC CC
FeR A FER A B35k

2
5 AA BIEF LI, DP<0.01,

A F VDR Apal rs7975232 2 H & B # f % 2 3 ik E (C). 7 (D)X K E 7 & th(C/D)

Fig. 2 Tacrolimus blood concentration(C), dose(D) and ratio of concentration and dose(C/D) in patients with different VDR

Apal rs7975232 genotypes
Compared with AA patients, 'P<0.01.
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VDR mRNA PF2E MR R AT BRI A O
1Ml VDR Fokl rs2228570 Fll VDR Taql rs731236 5&7%
A 2 M) B 11 [0 179 B 2 L 2 254 131

AWFFLER LI, 15 CYP345 AEFikdd,
VDR Apal rs7975232 AA T4y C/D B Z KT AC Fl
CC A, SRIMTE CYP3A45 FikH A& K BRI
CYP345 AL RIBBBFARN CYP3AS FEHBE, AN
Fik CYP3AS Tyig , WA AR P fib 5o 25 7] A 2
T CYP344., #EM VDR Apal rs7975232 9875 1]
RESIE CYP344 TIfie, CYP344 1CHE IR, &
H AC 1 CC BB F A 7 5 H) C/D M . I VDR
Apal rs7975232 Z7EXt CYP3A45 AR F k40 Mt 7 5]
AV JEE S e B

ARG T VDR FH 25 S b v s m) ik i
AN, KL VDR Apal rs7975232 FEDH R
CYP3AS5 AR 73 F C/D A REEm, %3
RIS B T4 St e s m] i Im RAMARE 24
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