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Mycophenolate mofetil (MMF), a widely used immunosuppressant, is characterized by highly variable phar-
macokinetics. UGT1A8, UGT1A9, UGT2B7 and ABCC2 have been proved to be critical genes associated
with inter-individual variation of MMF pharmacokinetics. In this study, we investigated the genetic poly-
morphisms of UGT1A8*2, UGT1A8*3, UGT1A9 C-2152T, UGT1A9 T-275A, UGT1A9 T98C, UGT2B7*2,
ABCC2 C-24T and ABCC2 C3972T in 200 Chinese renal transplant recipients and compared them with
those in other ethnic groups reported in the literature, to start the exploration of a better use of MMF in
Chinese. A much higher frequency of UGT1A8*2 variant allele was found in Chinese than in Caucasians
and Africans, while the UGT2B7*2 variant allele was significantly rarer in Chinese than in Caucasians and
Africans. For ABCC2, -24T allele was more common and 3972T allele was less common in Chinese than
in Caucasians and Africans. However, none of the SNPs in UGT1A9 were present in our study population.
The findings of this study suggest that Chinese renal transplant recipients may exhibit a response profile
to MMF that is different from those of other ethnic groups.

1. Introduction

Mycophenolate mofetil (MMF) has gained widespread accep-
tance as the antimetabolite immunosuppressant of choice in
solid organ transplant regimens. MMF is the pro-drug of
mycophenolic acid (MPA) which is an inhibitor of inosine-5’-
monophosphate dehydrogenase. MPA depletes guanosine and
deoxyguanosine nucleotides preferentially in T and B lympho-
cytes, inhibiting proliferation and suppressing cell-mediated
immune response and antibody formation (Allison and Eugui
2005).

MPA is metabolized by uridine 5’-diphosphoglucurono-
syltransferase (UGTs). This conjugation reaction forms the
major phenolic glucuronide metabolite, MPAG, which is an
inactive chemical (Schutz et al. 1999). There are also two minor
metabolites, acyl-MPAG (AcMPAG) and MPA-phenyl gluco-
side (Shipkova et al. 1999; Shaw et al. 2003). Of the 19 UGT
sequences identified in human, UGT1AS8 and UGT1A9 are the
primary enzymes participating in the production of MPAG,
meanwhile, AcMPAG formation has been ascribed to UGT2B7
(Picard et al. 2005). After these conjugation reactions, MPAG is
then excreted into bile, and then de-conjugated back to MPA by
gut bacteria (Westley et al. 2006). Biliary secretion of MPAG
leading to enterohepatic recirculation (EHC) is considered as
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a predominant reason of a secondary peak concentration of
MPA in plasma. The multidrug resistance-associated protein2
(MRP2, also named ABCC2 or cMOAT, canalicular multispe-
cific organic anion transporter) participates in the enterohepatic
recirculation (Kobayashi et al. 2004).

A number of previous studies indicated that genetic polymor-
phisms of UGT1A8, UGT1A9, UGT2B7 and ABCC2 contribute
significantly to inter-patient variability in response to MMF
therapy. The clinical impact of UGT 1A9 SNPs on MPA phar-
macokinetics have been studied in 95 Caucasian renal transplant
recipients (Kuypers et al. 2005). In this research, variant allele
carriers of C-2152T and T-275A (or both) had an approxi-
mate 50% decreased MPA exposure compared to non-carriers,
and MPA AUCy.j, , in patients who carried the UGT1A9%*3
allele was 85.2% higher than in patients who did not carry the
variant allele. Johnson et al. (2008) pointed out that the effect of
UGT1AS genetic polymorphisms on MPA metabolism appears
to be modified by concomitant calcineurin inhibitor therapy, and
MPA dose-corrected trough concentration were 60% higher in
subjects carrying UGT1A8%2 allele than that in subjects did
not carry the variant allele in the tacrolimus group. A study
enrolling healthy volunteers receiving a single dose of MMF
showed that carriers with UGT2B7%2 allele presented signifi-
cantly higher free MPA Cy,.x and elevated free and total MPA
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than non-carriers (Levesque et al. 2007). For ABCC2, Naesens
et al. (2006) found that carriers of the ABCC C-24T and C3972T
variant alleles had higher dose-corrected trough levels (Cp/dose)
compared to non-carriers, furthermore, this study suggested that
the C-24T SNP was associated with a lower oral clearance of
MPA in steady-state conditions.

To date, genetic polymorphisms of UGTIAS, UGTI1A9,
UGT2B7 and ABCC?2 have been studied in Japanese, Korean,
Caucasian and African (Saeki et al. 2006; Levesque et al.
2007), while no data are available for the Chinese popula-
tion. Since ethnicity is an important variable contributing to
inter-individual variability in drug metabolism, response and
toxicity (Evans et al. 2001), determination of genetic polymor-
phisms of related drug-metabolizing enzymes and transporters
in Chinese renal transplant recipients is necessary for a more
efficient use of MMF. In the current study, we investigated
the allele frequencies of UGT1A8%2, UGT1A8%*3, UGT1A9
C-2152T, UGT1A9 T-275A, UGTI1A9 T98C, UGT2B7*2,
ABCC2 C-24T and ABCC2 C3972T in Chinese renal trans-
plant recipients, and compared the allele frequencies of these
SNPs between Chinese and Japanese, Caucasian, African,
respectively.

2. Investigations and results

2.1. Allele frequencies of UGT1A8%2, UGT1A8%3,
UGT1A9%3, UGTIAY C-2152T, UGTIA9 T-275A,
UGT2B7%2 ABCC2 C-3972T and ABCC2 C-24T in
Chinese renal transplant recipients

The data for UGT1A8%2, UGT1A8%3, UGT1A9*3, UGT1A9
C-2152T, UGT1A9 T-275A, UGT2B7%2, ABCC2 C-3972T
and ABCC2 C-24T allele frequencies in Chinese renal trans-
plant recipients are listed in Table 1. All SNPs were in
Hardy-Weinberg equilibrium. The variant allele frequencies
of UGT1A8%2, UGT1A8%3, UGT2B7*2, ABCC2C -24T and
ABCC2 C3972T were 51.0%, 1.0%, 23.8%, 20.3% and 23.0%,
respectively, while none of the SNPs in UGT1A9 were present
in our study population.

2.2. Comparison of allele frequencies for the eight SNP
sites detected in Chinese, Japanese, Caucasian and
African populations

As shown in Table 2, the variant frequency of UGT1A8%2 in Chi-
nese was slightly lower than that in Japanese (Saeki et al. 2006),
but significantly higher than those in Caucasians and Africans
(Levesque et al. 2007). No significant differences of UGT1A8%3
variant frequencies were found between Chinese and other eth-
nic populations (Saeki et al. 2006; Levesque et al. 2007; Sai et al.
2008). For the three SNPs in UGT1A9, all of them were detec-
ted in Caucasians with low frequencies (5.9, 6.1 and 2.2% for
C-2152T, T-275A and T98C(*3), respectively) (Villeneuve et al.
2003; Levesque et al. 2007), T-275A was observed in Africans
with a frequency of 4.2%. However, none of them was present
in our study population, Japanese and South-East Asians (Saeki
et al. 2006). The variant frequencies of UGT2B7*2 were signifi-
cantly higher in Caucasians and Africans (Mehlotra et al. 2007)
than that in Chinese, while no significant difference were found
between the Chinese and Japanese (Saeki et al. 2006).

The variant frequency of the known common SNP ABCC2
C-24T in this study was higher than that in Africans but not
different from those in Caucasians and Japanese (de Jong et al.
2007; Sai et al. 2008). The variant frequency of another com-
mon SNP, ABCC2 C3972T in Chinese was lower than those
in Caucasians and Africans while a little bit higher than that in
Japanese (de Jong et al. 2007; Sai et al. 2008).

3. Discussion

We investigated the frequencies of several important SNPs in
UGT1A8, UGT1A9, UGT2B7 and ABCC2 in Chinese renal
transplant recipients. To our knowledge, this is the first report
to describe the genetic polymorphisms of UGT1A8, UGT1A9,
UGT2B7 and ABCC2 in a Chinese population.

The results of the current study provided evidence that allele fre-
quencies of the eight SNPs in Chinese were markedly different
from those of Caucasians and Africans, which is accordant to

Table 1: Frequencies of UGT1A8, UGT1A9, UGT2B7 and ABCC2 polymorphisms in 200 renal transplant recipients

Gene SNP Genotype n Genotype frequency (%) Allele Allele frequency (%)
UGT1A8 C518G(*2) C/IC 42 21.0 C 49.0
C/G 112 56.0 G 51.0
G/G 46 23.0
G830A(*3) G/G 196 98.0 G 99.0
G/A 4 2.0 A 1.0
A/A 0 0
UGT1A9 C-2152T C/IC 200 100 C 100
C/T 0 0 T 0
T/T 0 0
T-275A T/T 200 100 T 100
T/A 3 0 A 0
A/A 0 0
TI8C(*3) T/T 200 100 T 100
T/C 0 0 C 0
C/IC 0 0
UGT2B7 C802T(*2) C/IC 120 60.0 C 76.2
C/T 65 3255 T 23.8
T/T 15 7.5
ABCC2 C-24T C/IC 130 65.0 C 79.7
C/T 59 29.5 T 20.3
T/T 11 55
C3972T C/IC 123 61.5 C 71.0
C/T 62 31.0 T 23.0
T/T 15 7.5
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Table 2: Comparison of allele frequencies for eight SNP sites detected in Chinese and other ethnic groups

Allele frequency

SNPs Allele Chinese in this study Japanese Caucasian American African

n Frequency (%) n Frequency (%) n Frequency (%) n Frequency (%)
UGT1A8 C 400 49.0 602 40.0* 610° 76.7* 88¢ 92.1%
C518G(*2) G 51.0 60.0 23.3 7.9
UGT1AS G 400 99.0 602* 99.0 610° 98.7 48¢ 100.08
G830A(*3) A 1.0 1.0 1.3 0
UGT1A9 C 400 100.0 602* 100.0 610° 94.1# ND
C-2152T T 0 0 5.9 ND
UGT1A9 T 400 100.0 602* 100.0 610° 93.9* 48° 95.8"
T-275A A 0 0 6.1 4.2
UGT1A9 T 400 100.0 602* 100.0 402f 98.8* 40° 100.0
T98C(*3) C 0 0 1.2 0
UGT2B7 C 400 76.2 3208 75.6 188" 48.0* 86" 66.0
C802T(*2) T 23.8 24.4 52.0 34.0
ABCC2 C 400 79.7 472 82.6 334 85.0 200¢ 94.0°
C-24T T 20.3 17.4 15.0 6.0
ABCC2 C 400 77.0 472 78.4 334 68.0% 194k 72.7°
C3972T T 23.0 21.6 32.0 273

ND, not determined

P <0.05, Chinese vs. Japanese. # P <0.05, Chinese vs. Caucasian® P <0.05, Chinese vs. African
2 Saeki et al. (2006)

b Levesque et al. (2007)

¢ http://www.pharmgkb.org/views/reports/loadFrequencyInSampleSets.action?varRptld = 136451559&submissionld = PS206119

4 Sai et al. (2008)

© http://www.pharmgkb.org/views/reports/loadFrequencyInSampleSets.action?varRptld = 1258605 16&submissionld = PS205164

f Villeneuve et al. (2003)

£ Saito et al. (2006); Sai et al. (2008)
h Mehlotra et al. (2007)

1 Sai et al. (2008)

J de Jong et al. (2007)

k http://www.pharmgkb.org/views/reports/loadFrequencyInSampleSets.action?varRptld = 516678576&submissionld = PS203864a

the results of previous reports in other Asian populations (Ito
et al. 2001; Choi et al. 2007). Such marked inter-ethnic diffe-
rences suggesting that Chinese renal transplant recipients may
exhibit a response profile to MMF that is different from those
of other ethnic groups.

In this study, no subjects with UGT1A9%3, UGT1A9 C-2152T
and UGT1A9 T-275A variant alleles were found among 200
Chinese renal transplant recipients, which is in agreement with
those data reported of Japanese and South-East Asian (Saeki
etal. 2006), suggesting that the three SNPs in UGT1A9 detected
in this study are absent or at least very rare in the Chinese,
Japanese and South-East Asian populations, additionally, the
polymorphism UGT1A8%3, presents so as little as 1% in our
study population. These rare SNPs may be lacking of clinical
significance of guiding individualized MMF dosing in Chinese
renal transplant recipients.

According to the previous study, variant alleles of UGT1A8%2,
UGT2B7%2, ABCC2 C-24T and ABCC2 C3972T were found
to be correlated with higher MPA exposure (Naesens et al. 2006;
Levesque et al. 2007; Johnson et al. 2008). Significantly higher
variant frequency of UGT1A8%*2 and relatively higher variant
frequency of ABCC2 C-24T suggesting that Chinese may bene-
fit more from a lower MMF dose than Caucasians and Africans,
while significantly lower variant frequency of UGT2B7*2 and
relatively lower variant frequency of ABCC2 C3972T sugges-
ting Chinese may suffer from less susceptibility to MMF and
higher doses are needed compared to Caucasians and Africans.
The combined effects of these SNPs on MMF pharmacokinetics
have not yet been demonstrated in Chinese population and need
further study.

In conclusion, in this study, we demonstrate the genetic poly-
morphisms of UGT1A8, UGT1A9, UGT2B7 and ABCC2 in
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Chinese renal transplant recipients. The results of these SNPs
frequencies are comparable to other Asian populations, but dif-
ferent from those in Caucasians and Africans. Further studies are
needed to investigate the effects of these SNPs on MMF phar-
macokinetics in Chinese renal transplant recipients. Ongoing
investigations will hopefully be helpful in providing a scienti-
fic basis for optimization of MMF pharmacotherapy in Chinese
renal transplant recipients.

4. Experimental
4.1. Chemicals and reagents

Restriction enzymes were purchased at New England Biolabs (Beverly, MA)
or Takara Bio (Shiga, Japan). The ExTaq kit was from Takara Bio. The water
used was of Milli-Q grade purified by a Milli-A UV Purification System
(Millipore, Bedford, MA, USA). All other chemicals and reagents were of
analytical or HPLC grade as appropriate.

4.2. Study population

200 Chinese renal allograft recipients (156 male and 44 female, mean
age=238.19 4 12.83 years with a range of 18 to 70 years), who received
renal transplantation between 2005 and 2008 at the Kidney Transplant
Department, Transplant Center, the First Affiliated Hospital, Sun Yat-sen
University and received maintenance treatment with MMF afterwards, were
enrolled in this study. The ethics approval of this study was obtained from the
ethics committee of the First Affiliated Hospital of Sun Yat-sen University,
and written informed consent was obtained from all participants.

4.3. DNA extraction

Total genomic DNA was extracted from peripheral leukocytes by the phenol-
chloroform extraction method (Chomczynski and Sacchi 1987). The DNA
concentration was measured using the GeneQuant photometer (Amersham
Biosciences Inc., Piscataway, NJ). The purity of DNA was 99.5%.
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Table 3: Polymerase chain reaction-restriction fragment length polymorphism genotyping

SNP Primer sequence Amplicon size (bp) Restriction enzyme
UGT1AS8 F: CAG TTC TCT CAT GGC TCG CA 750 Alul
C518G(*2) R: GTG TGG CTG TAG AGA TCA TAT GCT

UGTI1AS8 F: TCT TCA TTG GTG GTA TCA GCT 215 Pvu Il
G830A(*3) R: AAA ATT TGA TAA CTG ATG AGT ACA TA

UGT1A9 F: TTG AGA CAG AGT CGT GCTGTTT 198 Mse 1
C-2152T R:AGG TCA AGG TGG GCG TAT C

UGT1A9 F: TCA GTG CTA AGG GCCTTG TT 250 Xba I
C-275T R: CCT GTG CTG CAA TGT TAA GTC TA

UGT1A9 F: GTC TCT GAT GGC TTG CAC A 226 Sty I
T98C(*3) R: ATC CCC CCT GAG AAT GAGTT

UGT2B7 F: GAC AAT GGG GAA AGC TGA CG 116 Fok I
C802T(*2) R: GTT TGG CAG GTT TGC AGT G

ABCC2 F: AAC TTA CTT CTC ATC TTG TCT CCT TGC 220 Clal
C-3972T R: CTC CAC CTA CCT TCT CCA TGC TAT C

ABCC2 F: CTG TTC CAC TTT CTT TGA TGA 185 Bbs I
C-24T R: TCT TGT TGG TGA CCA CCC TAA

4.4. Genotyping

All patients were genotyped for the UGT1A8%2, UGT1A8%3, UGT1A9*3,
UGT1A9 C-2152T, UGT1A9 T-275A, UGT2B7#2 ABCC2 C-24T and
ABCC2 C-3972T, by using published polymerase chain reaction—restriction
fragment length polymorphism methods (PCR-RFLP) (Holthe et al. 2002;
van der Logt et al. 2004; Kuypers et al. 2005; Naesens et al. 2006) with minor
modifications. PCR amplification was carried out in a total reaction volume
of 25 pl containing 50 ng genomic DNA, 2 !l dNTPs (0.25 mmol/l), 1 1
each of primer (10 pl mol/l), 2.5 ul 10 x Ex Taq buffer (Mg2+ Plus), 0.75 U
Ex Taq DNA polymerase. The PCR conditions for UGT1A9*3, UGT1A9 C-
2152T, UGT1A9 T-275A, UGT2B7*2, ABCC2 C-3972T and C-24T were
5 min at 95 °C, then 30 cycles of 30s at 95 °C, 30s at 55-65 °C, and 30's at
72 °C, followed by a final extension at 72 °C for 5 min. The PCR conditions
for UGT1A8%2 and UGT1A8*3 were 5 min at 95 °C, the 30 cycles of 30's
at 95°C, 1 min at 49-65 °C, and 1 min at 72 °C, followed by a final exten-
sion at 72 °C for 7 min. After amplification, the PCR products were digested
with the restriction enzymes and analyzed after gel electrophoresis. Details
regarding the primer sequences, amplicon sizes and restriction enzymes used
are shown in Table 3. Correctness of genotyping was confirmed by DNA
sequencing for two cases of each genotype.

4.5. Statistical analysis

Statistical analyses were performed with SPSS 16.0 software (SPSS, Chi-
cago, USA). Deviation from the Hardy-Weinberg equilibrium of genotype
frequency was evaluated with the x? test. Differences in the allele frequen-
cies between different ethnic groups were measured using the x? test or
Fisher’s exact test. A P<0.05 was considered statistically significant.
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