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ABSTRACT OBIJECTIVE: To study the relationship of CYP344, CYP2C8 and CYP3A45 gene polymorphism with ADR/blood
concentration of hydroxychloroquine in patients with autoimmune disease (AID) , and to provide reference for individual
medication of hydroxychloroquine. METHODS: Totally 77 AID patients, who were treated with hydroxychloroquine (daily dose of
200 mg to 400 mg) for a long-term (>>6 months), were selected from the department of rheumatology and immunology, the First
Affiliated Hospital of Anhui Medical University during Jul. 2017 to Aug. 2018. The information, blood sample and ADR of them
were collected. Those patients were divided into normal liver function group, abnormal liver function group, normal renal function
group, abnormal renal function group, normal eye group and abnormal eye group according to the site of ADR. The concentration
of hydroxychloroquine was determined by HPLC. Genotype of CYP344, CYP2C8 and CYP3A45 were detected by MassARRAY
microarray system. The differences of hydroxychloroquine-induced ADR in different genotypes were analyzed by y° test. The blood
concentration difference of hydroxychloroquine in different genotypes were analyzed by independent sample ¢-test and one-way
ANOVA. RESULTS: There was statistical significance in the distribution of CYP345 rs4646453 locus between normal renal
function group and abnormal renal function group (P<<0.05). The incidence of CC genotype was higher than that of AA+AC

A LA E A 2018 4F B AOBESE 5 & - Rl i | genotype in abnormal renal function group. There was
(No.1804h08020228 ) statistical ~significance in the distribution of CYP2C8
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than that of AA genotype. There was no significant correlation of the gene polymorphisms of CYP344, CYP2C8 and CYP3A45 with
blood concentration among 77 AID patients. In subgroup analysis, blood concentration of GT, GG and TT genotypes of CYP2C8
rs10882521 in 58 patients with systemic lupus erythematosus (SLE) were 514.1,735.3 and 785.9 ng/mL, respectively; GG and TT
genotypes were significantly higher than GT genotype (P<<0.05). CONCLUSIONS: AID patients with CYP345 rs4646453 CC
genotype have a higher incidence of renal dysfunction due to taking hydroxychloroquine; patients with CYP2C8 rs10882526 locus

allele G and AG have a relatively high incidence of renal dysfunction due to taking hydroxychloroquine. When SLE patients taking

the same dose of hydroxychloroquine, the blood concentration of hydroxychloroquine in patients carrying CYP2CS8 rs10882521 GT

genotype is lower than other genotypes.
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(RA)ZEM, FREMEAE N SLE i — 2 3Lt F 25 F1 RA JRYT
SR 1) R BB R 2, il Lz N A AR
PRV Ve 52 R, MK 2 s T
AR B AR 25 57 I 8 2 Paso (CYP) FR IR R 1Y
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CYP3A5 JER 22515 A R KR | I 24 e B A %
R, NFEAMENIRR AL S
1 #APRBESHE
1.1 RIS
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¥ s X B (36 [F Sigma-Aloaich 24 ], fIE 5 -
90527-50MG, 2l : =95% ) ; B iR F2 A W (1 ¥ v P o]
AT BR N L A HESCS [ 24 17 H19990263 ) ; DP318-
02 IfiL % & A 21 DNA $2 B0 5] & (b st RARA bR A
BN ) s XW-80A R BEAL (e [ T FLAR DL IR A il 15
FR 2 7)) 5 E2695 ¥ AH €8 3% {3 ( 5% B Waters 24 7] ) ;
HC-3018R &y # ¥ ¥k 25 0L CL B B R 22U A
FRZN ] ) 59700 GeneAmp PCR #1443 ( 3¢ [ Applied Bio-
systems 2 1) ) ; MassArray™ Nanodispenser Jii i i FEAL
MassARRAY compact System J5T i #6:i 2 45 1 G384+10
Spectrochip™ BT Azill.es i (32 [E Agena Al ) o
1.3 BRSEMZIRENE

S AL AT ST Y SR AEFR KL 3 mL T
LW 2,12 (EDTA) PR 8 v, K E IR S5
B4 I FE 5 100 uL BT 1.5 mL 5.0, i - i
BV (71, V/V)200 uL, %% 2 min, % i€ 3 min, 14 000
r/min B5.0> 5 min, B 10 pL gEAE , 8 1 = oAl
TR A R e i 2 R . R AR R T4 S il
LT —80 CURAFAMIBER A, i 4 0F ikl
Symmetry Cis(250 mm>4.6 mm, 5 pm) ; it sl 41 >~ 0.05
mol/mL (= AR BN - G (70230, V7v) s kil 4 oy
254 nm; AEE N 35 °C 5 ik o 0.8 mL/min; FEAL I [E] 2
12 min; #EAEE R 10 ul.
14 EREKN
1.4.1 DNAEEC 4% 18 DP318-02 [fil i 3 [F 4 DNA #2
B S AR BUR # VR AE LA DNA
142 5IYH A MY B HLYE Assay Design Suite
V2.0 (Sequenom) 7E £k # {4 % 1125 & il 5% =X S i (PCR)
5 R BB EAE S [ ), ABFFERT CYP2C8(rs10882521
rs10882526 . 157910936 . 7511572081 . 511572103, 5171 1-
0453) , CYP344 (rs1851426. rs2242480. rs2246709 .,
rs2740574, rs4646437. rs4646440, rs765598920) il
CYP3A45(rs3800959 . 54646450 , rs4646453 ) 1t 16 Bl
TR 2 A AL (SNPs) HEAT T 43 BRI . T 5 22 43
T DNA REAHFi B 3) 5~10 ng/uL., B 1 pL DNA ¥
A5 0.95 uL 7K . 0.625 pL PCR 2% & (5 15 mmol/L
MgCL) . 1 wL f4 2.5 mmol/L it % #% B ¥ 1 — W 1R
(dNTP) .0.325 pL f%) 25 mmol/L MgCl,.1 uL PCR 5|44
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J20.1 uL HotStar Taq MR A . PCRJW 4514 :94 °C (15
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W .0.3 UBg kBRI . 1% bR R FE 37 CTF I TA 40
min, S8 J5 85 CHNIN 5 min {5 2 16 o Bl 04 ik 1 g Ak 2R
J& L BT X SNPs (14 PR CEE SE A 5 | ) 75 471 S I A4 2% gk
£1:0.755 pL7K (0.2 uL 10xHEfH Sz [ 28 phif (iPLEX 2% b
W) . 0.2 uL & ARIR A9 .0.041 pL 4E i 5z 1 i iPLEX
fit),0.804 pL 10 pmol/L FYZEMIZ 4,
1.4.3 ¥ SNPs 43 2k H 35 [ Sequenom 2\ w] 1y
MassARRAY F 4856 i, 1% 7 G0 J& 3 T 5 Tl B oG g
W H 2 KA TS 18] 3 3 AR (MALDI-TOF ) . BAR 5L 4iE fi
SN TE T A 44 FE47:94 °C .30 5594 °C 55,52 °C.5
$,80 °C .5 s,5 MEI, 40 MEH ; fe 5 72 °C .3 min,
FELE RN 6 mg BH & F3e 40 g liidh IR A 5
JA 25 pnL KB % . i MassARRAY™ Nanodispenser
JOT i ASRE SO e 21 oy R 7 ) SRR B — B 384 FL 1Y
spectroCHIP I, Jf 13 04l B0 Al HL 25 %A TR i) 5
TEHEAT 4007 o B 45 Rt MassARRAY Typer 4.0 #0{%:
ARG SE LR 43 B3 HT o
15 SitEHE
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Lo R IR P i s s TE 2N S ALY E - S WS iy g o S B b
ARG 0 AR IR I B S SR T
FLA, P>0.001 PCAIZ SR FUSR AT 5 HWE 2, Fon
JIrAM A 3 BA TR R E
152 BdE/otr  RA SPSS 22.0 #4148 o0 Hr ik
B, LA Z AT EEOR A X £ 5 2, N [RIASE R AL AR
AN RSO A A A 0 HO ARy A 30, 8 G M 1l 24 R
() 2H 18] b AR T PR S, AR AR o 46r S0 AL B DR 3R 22 93047 -
P<0.05F/RZERA G L
2 #R
2.1 BEM—AER

il 5 AID 3 77 19 (SLE #3458 4] \RA & 19
), Herp B 6 9] Lotk T AR AR AE 15~T4 % -
BRI (40.3 £ 13.7) %, H IR Sl My 7 2 (72,7 +
65.3) 1 H o AR AEREILEL,

x1 TTHAID BEFEAESERTRRMNZEER

Tab 1 Occurrence of ADR in 77 AID patients recei-

ving hydroxychloroquine

R, R, %)
FRREAA SRl [T
fit 9(11.7) 68(88.3)
B 9(11.7) 68(88.3)
IRH 23(324) 54(67.6)

7719 AID R, SLE B35 58491, Mk 4 491 Aok 54
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], AE W8 73 A 7E 15~56 % I 4E I R (40.0 £ 14.1) %7
PR FE 5T FE(69.5 + 55.0) 4~ 1 sRA & 1941, 2
) Pk 1T B AR o A AR 26~T4 &, S B ARG
(40.7+13.9) %, FRFRSAMY PR (74.0 £66.7) 1 H ¢
2.2 HWE FERG

77 151 AID £ 3 F1 58 {4 SLE £ 16 1> SNPs i/ 15 1)
A3 RUKE M 25 SRR OR L BR T CYP2C8 rs11572081 F
rs11572103 , CYP3A44 rs2740574 Fil rs765598920 & %
RAF, ot AT g o e dbh , HoAth 12 4~ SNPs i 5 HWE
SRS B 1) P AR 0,001, 8547 ik PRI N5 R R f 42 {1
FU W) A B4, 754 HWE E A, ULRH Fr gy ABFSE Y
FEA A BEARICENE . 77 1) AID H 2% 1 58 9] SLE H &
FEN A HWE R 56 W2 2.,
R2 774 AID & F158 5 SLE =& E F £ H HWE

Liod
Tab 2 HWE equilibrium test of genotypes in 58 SLE
patients with and 77 AID patients

%) SR SNDsfidi HWERBP  HE SNDsRis HWERRP
TIHADEH CIPACS 1510882526 027621 CYP34  rsd6ded3T 047942
CYP3S  1sd64645) 078124 CYP3S  rsd6d6ddo 0640 13
CYPMS  rst646450 097035 CYP3S 153800959 051317

CYP2C8  rs10882521 014910 CYP344 152740574 NA
CYP3 44 152246709 041291 CYP2C8 rs11572081 NA
CYP2C8 157910936 088854 CYP2C8 rs11572103 NA
CYP345  rs17110453 013400 CYP344 rs765598920 NA
CYP3 44 152242480 087016 CYP344  1s1851426 NA

SSHISLE®E  CYPACS  rs10882526 029588 CYP344  rs4646437 0.093 38
CYP34S  rs4646453 031043 CYP345 154646450 033033
CYP345 14646450 041213 CYP345 153800959 0.240 36

CYPXC8  rs10882521 015572 CYP344 152740574 NA
CYP344 152246709 0.08808  CYP2C8 rsl1572081 NA
CYP2C8 157910936 061427 CYP2C8 1511572103 NA
CYP345  rs17110453 013865  CYP344 rs765598920 NA
CYP344 152242480 055212 CYP344  1s1851426 NA

e NA SRR A AR R TS

Note: NA means no genetic mutation, and no statistical analysis is

needed
2.3 CYP344 .CYP2C8FA CYP3AS ERFEEMEERR KR
R LM

XiF 77 151 AID £ 35 455 A5 AN ) 35 R R % 2667 S R
FREME R AN R RN AR DGR SR R 3R, 7 I Re S8
71T, AN CYP3A5 rs4646453 13 5 76 B HIREIE W 45 B 2h
RESEH A B A 22 S A G248 L (P=0.040 6) , '
DIRE S8 4L E T CC JE [ Y HE AA+AC SE R RY (1) & A
R MM CYP3A4 , CYP2C8 454y AN ) 3 [K 4 i) K 2647
SR A 22 TG L (P>0.05) , TEMFIRE S
Jr T, CYP2C8 rs10882526 v 5 7 F U RE1E #2415 JF 1)
A SR AL oA 22 55 A Gt % 8 (G L p=
0.015 9, JEH A p=0.01) , D fig 5 & 4 A 3 rh &8 o 2
GRS A B & AR IR R a3
AG FER R AA FERIRIY & AR R, 250 3 [H 5 3 R A
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BTSSR —3, CYP344.CYP345 N CYP2CS HiAth
A7 53, AN [F) 356 D) 75 7R 25437 35 PR 7 JHF 2 B OE AL RN T 2
SEH4H 8 TG B A e (P>0.05) o FERREEAS B R 77
I, CYP3A4 .CYP2C8 F1 CYP3A5 A 15 AN [R] KL PR 78 A4
57 58 PR A IR 508 1 AL AN RIR 50 5 L 0 o0 A 22 S 3 R L
A BEF N (P>0.05), CYP345 rs4646453 Fil CYP2CS
rs10882526 Ft K 7Y /& D g S50 191 Dl e ik Dl 2
3, CYP2C8 rs10882526 S5y i [F £ # -2 e S5 1 1 1
Giit W4,

R3  CYP3Ab rs4646453 F1 CYP2CS rs10882526 % [F FY

BESEERENERSIT

Tab 3 Occurrence of abnormal liver and renal func-
tion in patients with CYP3A45 rs4646453 and
CYP2C8 rs10882526 genotypes

A SNPsfii R ORRENRG EHANE  REANK

CIP35 54646453 AA+AC % EJ) |

cC B 36 8

CYP2C8 510882526 AA JiF 56 4

5

AG

==
=

12

F4 CYP2C8 rs10882526 M EE B EFIEERER
ER Lt
Tab 4 Occurrence of abnormal liver function in pa-
tients with CYP2CS8 rs10882526 allele

R SNPs il SR ORRSUGHA  ERAGE RRAE
CYP2C8 1510882526 G it 12 5
A JiF 124 13

2.4 CYP344.CYP2C8F1 CYP3AS R L7455 M 24 iR
XM

AT 77 151 AID FB 35 4507 5 AN [) 56 PR 7R 5 0 S .
R BEIAH eME R IR, CYP3A44 .CYP2C8 Fil CYP3A5
Z5NE 5 R v I 25 B TG i 2 AH DG A, P#4>0.05,

5347 58 5] SLE K835 4% (57 s AN [F) 5 DX 70 5 o Sl e o
2V AR S R IR, I CYP2CS rs10882521 5 ¥2 48 g
L2598 B SR A2 i L B GT GG M TT 3 kR 7Y
SR I R M 3 I 25Uk B AR TR, L GT SRR 7Y
5 GG TT 5 H 7 B 3 A 22 R WA Fiit 2 L (P<
0.05) . GG &R A5 TT He PR AU B35 1) S s - 34 1l 24
WEHEZR TG E X (P>0.05), A[[ CYP2C8
FERTY SLE S35 R s s 3 i 25 vk BE 25 R L3 5.
3 Tt

P v A [ & T 4- 2 R M MR PTIE S, th 24>
A . XN TF R LA CIEERA
Mgl AR SRR R M R R CYP I Y
CYP344,CYP2C8 ., CYP3A5 1E AR, 2 2 R e ly
FEMUY) . FRFEE IR 24 75 % ~100 %8 1+ 5 i
W, 24 2~4.5 h i 25 BE IR . P2 E(WETE I 3K
KR 5 MK AL G P SISk BRI . 29
KEBFUURRAE S AR EAEAZ T il 2R3 Bt 1
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Tab 5 Blood concentration of hydrocholoquine in

SLE patients with different genotypes of
CYP2C8

3R SNDs7 £ AR ik THMZKE ng/mL
CYPACS rs10882521 GT 29 5141

GG 21 7353

T 8 7859"

15 GTHE A L, *P<0.05
Note: vs. GT genotype, *P<<0.05

32 d A, B L B EHEE , 53— 5 ) 5E o 2
Heie,

Durcan L ZE"7E M58 1 & PR, SLE H & Y &5 B0 16
Bl B 5 ATV B 5 SR A AR AR DG 0 s i 2 vk >
500 ng/mL A E R I ARG A . PR bl A
(AN RS2 2 L | Ak 1) 00 P i A, 5 4 7 o 2
FREEIF IR G, B AR 7.5% , 45 ]2 v 4.0~
5.0 mg/(kg - d) , 7E R 10 4 4 o JIE 5 P & A= 31K T
2% BAEME ] 20 4F )5 HmptE R AR 3 I3 20% , i 2t
HHn R0, R AL I s A8 bE DAFT AR A B L, Ry
SR AE fm AR B )R, B8 A5 ok kB
SEAE AR HAE H 5.0 mg/kg UFIR T RS BFK
K 10 AEHRFRAS R S AIG & Az A 56 AR iR
A R R AR KT 20% , 504 FiRSCHRGE M L
B i =, R BE TR DR A 5 IR AN R RN A IR
Ji R SR RIS . B B AN IESE Bk
IR R Ge e Bl SR, WF5E BT b S 16
A SNPs 7 s 2R e 05 IR 245 J MR BRAS R S 1y 22 [] ) 56
IRV, AT RE S AT R AR A0 56 s Lee TY S5PHE
AU 2 R R A M R A M S EUR &M I
HWEZRWIRNZ —, B h L IR EE SIREA R
SN SR DA R S AT G H T B A i, B DA X
WRMFF T — 07, BRI, RS e ZaE o
He B DI RBAS 4 A X R U T B/, 23 S 2 1A
it 2 e 1 DA K 2k B RS (R S T RE AR A R Y
FRAME AL R BT AR 2EE 5T T CYP345
FRZEMES BT Z MR, 45 R B
i CYP3A5 rs4646453 1Y) CC FE R I 5 AA+AC FEH A 7E
B DIREIE 5 25 B DI RE S A 25 S o0 A AT G 247
Mo AN EFEFER ST T K R SR 1
AID ¥ CYP344 . CYP2CS Hl CYP3A5 J: A £ 454
FF e S5 Z [l ) 56 22, 45 9 & B CYP2C8 1510882526
DL AN G 5 A AA BRI AG B RI7ETF S
REFHASFREEH A0z R BG5Gi%E
o BEFEAERAESE T 7R B DR S M7 1 AID /&
FHH, CYP344 . CYP2C8 Fl CYP3A5 HE [N 2 54 S5 T )
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RES®H Z A HAT ARG
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R, e K, 25 sk, ik 6 A
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40 % FA) B A X LG 2 W) AN B BT 521 2 25 A S5O

SLE [ H A CYP3A4 B Z2 75 VX 8 4 e I 245 vk 2 B

TR, CYP3A4*1G rs2242480 5 He A RAF S E A

Wi I 24 FERR AT o T 7E 2B A 50 vh AT R izAoL

HARRAME MW B RIS, HAT, FNAME TR

W2y B E TSR RZ BT RE R 25 3 X R R

WA R AR A DN, 265 & B CYP2C8 1510882521 GT

R DR A i S S I 24k B A AT, SRR TE IR RYR T

1S ek N e E D B e SN ¢

CYP il 1 5L A 22 254 W] R I SO [F] A AT 245 4)

I BUBME AN R RN AFAE 22 S i S g R Y, &

HAEA CYP3A45 rs4646453 1 s 1Y) CC S D5 Y fiR 2 S v

J5 B R R R A R, B E B CYP2CS

rs10882526 i s 1) A JE PR 7Y i FH 055 S g s S e e

1 e A A A5 o SLE R8T IR FHAH D591 ke s, 485

i CYP2C8 rs10882521 37 15 Y GT ik P57 A HoAth 5 [R Y

BF R AV M 2R R, 25 iR AR SR

AGr I 24 Ji 6 D00 32 S L 245 5 R T S RE S A

B T e RIE I . ARIEABE TR 45 2R, 8

B U AT DI 2 2% R AR 4 CYP345 rs4646453 , CYP2C8

rs 10882526 ik [R TG 1 K 2 G 0 il 245 9k S5 4 2R il 1 2

AR MAIRIT T 5 o AWM L Z A TE TAEA &

B HARIIAS R 25558 HAbsg e R 3R s 4ok

WFFREA B, IR 2] BB I1% 52 0 2 S0 M I PR 2 4 F 7

MR .
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