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Background: Despite use of a lower mycophenolate dose in Thai kidney transplant patients, 

acceptable graft and patient outcomes can be achieved. We therefore examined the pharmacoki-

netics of mycophenolic acid (MPA) by area under the curve (AUC) and investigated genetic 

contribution in mycophenolate metabolism in this population.

Methods: Kidney transplant recipients with stable graft function who were receiving myco-

phenolate mofetil 1,000 mg/d in combination with either cyclosporine or tacrolimus, and 

prednisolone were studied. The MPA concentration was measured by fluorescence polarization 

immunoassay (FPIA), at predose and 1, 1.5, 2, 4, 6, 8, 10, and 12 hours after dosing. Genetic 

polymorphisms in UGT1A8, UGT1A9, and UGT2B7 were examined by denaturing high-

performance liquid chromatography (DHPLC)-based single-base extension (SBE) analysis.

Results: A total 138 patients were included in study. The mean AUC was 39.49 mg-h/L 

(28.39–89.58 mg-h/L), which was in the therapeutic range. The correlation between the predose 

MPA concentration and AUC was poor. The mean AUC in the tacrolimus group was higher 

than that in the cyclosporine group. Polymorphisms in UGT2B7 showed significant association 

with AUC.

Conclusion: Most of our patients with reduced mycophenolate dose had the AUC within the 

therapeutic range. Genetic polymorphisms in UGT2B7 may play a role in MPA metabolism in 

Thai kidney transplant patients.
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Introduction
Mycophenolate is a highly effective immunosuppressive drug that has been used to 

prevent rejection in organ transplant recipients. The active metabolite, mycopheno-

lic acid (MPA), acts by inhibiting inosine monophosphate dehydrogenase enzyme 

(IMPDH), which mediates the synthesis of purine and therefore controls lymphocyte 

proliferation. Mycophenolate was formulated as prodrugs, called mycophenolate 

mofetil (MMF), and as a salt form, mycophenolate sodium (MPS). The current recom-

mended doses in adults is 1,000 mg twice daily for MMF and 720 mg twice daily for 

MPS.1 Adjustment for body weight is not necessary. The area under the curve (AUC) 

of MPA as MMF and MPS at these doses was found to be equivalent.2 Previous study 

has shown that an appropriate AUC at 0–12 hours after drug administration, between 

30–60 mg-h/L, was associated with significant decrease in acute graft rejection in 

kidney transplant patients.3

MPA is primarily metabolized by the liver, through glucuronidation. Several 

uridine glucuronosyltransferases (UGTs) are involved in the metabolism process. 
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UGT1A8 and UGT1A9 are mainly responsible for 

mycophenolate 7-o-glucuronide (MPAG) production, while 

UGT1A8 and UGT2B7 are responsible for producing acyl 

glucuronide (AcMPAG). Genetic polymorphisms exist on the 

UGT family of genes and may contribute to differences in MPA 

metabolism and drug level in organ transplant patients. Reports 

showed that several polymorphisms on the UGTs were associ-

ated with side effects in these patients receiving MPA.4,5

From our experience, use of the recommended dose of 

MPA in Thai kidney transplant recipients was associated 

with high prevalence of adverse effects, such as nausea/

vomiting, severe diarrhea, neutropenia, and opportunistic 

infection (Pithukpakorn, unpublished data, 2010). Study in 

Asian patients showed similar problems, and AUC studies 

with the recommended dose of MPA were found to be much 

higher than those from Western countries.6,7 Current practice 

at the Siriraj Organ Transplantation Center suggests that 

our kidney transplant patients receive only half of recom-

mended doses of mycophenolate (MMF 1,000 mg/day or 

MPS 720 mg/day), in combination with either cyclosporine 

or tacrolimus, and prednisolone. The incidence of acute 

rejection is 10%–15% during the first 6 months and graft 

survival at 1 year and 5 years was 95.2% and 88.7% for living 

related transplantation and 74.5% and 57.8% for cadaveric 

transplantation, respectively. These data were comparable 

with other international centers.8

There was a previous study on pharmacokinetics of MPA 

in Thai kidney transplant patients, but that study involved 

small number of subjects, and no study had been done on 

pharmacogenetic factors.9 Therefore, this study was con-

ducted to investigate the pharmacokinetics of MPA as well 

as the pharmacogenetic effect of UGTs on MPA level in Thai 

kidney transplant patients.

Materials and methods
The research protocol was approved by Siriraj Institutional 

Review Board. The study was conducted according to 

the Declaration of Helsinki principles. Participants were 

138 patients who underwent kidney transplantation at least 

3 months prior and had regular follow up at Siriraj Organ 

Transplantation Center between February 1, 2009 and 

July 31, 2009. All patients received MMF or MPS as one 

of the immunosuppressive drugs, and the dosage had to be 

stable and not be adjusted during 3 months prior to study 

enrollment. Any subjects with clinical evidence of infection 

or pregnancy were excluded. All patients gave informed 

consent after a full detail of study protocol had been explained 

and discussed.

All patients visited the clinic in the morning and stayed 

for 12 hours, during the study. Blood samples from the 

patients were collected at time 0 (predose) and at 1, 1.5, 2, 

4, 6, 8, 10, and 12 hours after oral MMF or MPS was given. 

Genomic DNA from each patient was extracted from the 

leftover cellular portion from blood samples and used for 

pharmacogenetic study. MPA measurement from collected 

serum was performed at the certified clinical laboratory, 

by fluorescence polarization immunoassay (FPIA), with a 

Cobas Integra® 400 system (F Hoffman-La Roche Ltd, Basel, 

Switzerland). The system yielded excellent correlation with 

liquid chromatography with tandem mass spectrometry (LC-

MS/MS) technique.10

For pharmacogenetic testing, DNA regions of interest were 

amplified from genomic DNA collected as described above, 

with multiplex polymerase chain reaction (PCR) to create 

six distinct fragments. Investigation for six well-established 

polymorphisms of UGT1A8, 1A9, and 2B7 was performed 

by multiplex PCR and denaturing high-performance 

liquid chromatography (DHPLC)-based single-base extension 

(SBE) analysis. The SBE products were analyzed on a fully 

denaturing mode of the WAVE™ DHPLC system equipped 

with an OLIGOSep™ cartridge (catalog number NUC- 

99-3550; Transgenomic, Omaha, NE, USA).

Analyses of clinical and pharmacokinetic data were done 

by SPSS for Windows, version 16.0. Spearman’s correlation 

was used for correlation analysis between pharmacokinetic 

parameters and clinical data. Pharmacogenetic data were 

tested for deviation from Hardy–Weinberg equilibrium. 

Based on the previous data that AUC between 30–60 mg-

h/L was associated with reduced rejection rate, individuals 

with AUC at 30 mg-h/L or higher were defined as the case 

group and those with AUC below 30 mg-h/L were defined 

as the control group. The degree of linkage disequilibrium 

between loci was measured using Lewontin’s D′ and r2, using 

the JLIN software program.11 Test for association was done 

with analysis of allele frequency difference, heterozygous 

states, homozygous states, and allele positivity, using Pear-

son’s goodness-to-fit chi-square test. The Bonferroni cor-

rection (P,0.05 divided by the number of single nucleotide 

polymorphisms analyzed) was used to account for multiple 

testing.

Results
clinical and aUc data
Of 138 patients, 76 (55.1%) patients underwent living-related 

kidney transplantation, while 62 (44.9%) patients under-

went deceased-donor kidney transplantation. Mean serum 
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Table 1 Demographic data of 138 patients who underwent 
pharmacokinetic study

Characteristics Value (% or range)

number of patients 138
ethnicity: Thai 138 (100%)
sex (n)
 Male 83 (60.1%)
 Female 55 (39.9%)
age (years) 42±11 (31–53)
Body weight (kg) 64±13 (51–77)
Body surface area (m2) 1.70±0.2 (1.5–1.9)
Donor source (n)
 Deceased donor 62 (44.9%)
 living-related 76 (55.1%)
cni (n)
 csa 75 (54.3%)
 Tac 63 (45.7%)
serum cr (mg/dl) 1.35±0.41
calculated ccr (ml/min/1.73 m2) 65.08±18.15
serum albumin (g/dl) 4.46±0.3
WBc (cell/mm3) 7,985±2,877
asT (iU/l) 21.4±7.49
alT (iU/l) 23.51±3.16
Dose of MPa (n)
 MMF 1,000 mg/d 106 (76.8%)
 MPs 720 mg/d 32 (23.2%)
csa dose (mg/d) 134.64 (50–350)
Tac dose (mg/d) 4.2 (1–14.5)
Prednisolone dose (mg/d) 5.11 (2.5–15)

Abbreviations: alT, alanine transaminase; asT, aspartate transaminase; 
ccr, creatinine clearance; cni, calcineurin inhibitor; cr, creatinine; csa, cyclosporine; 
MMF, mycophenolate mofetil; MPa, mycophenolic acid; MPs, extended release form 
of mycophenolate sodium; Tac, tacrolimus; WBc, white blood cells.

creatinine was 1.35±0.41 mg/dL. All patients received half 

of recommended dose of mycophenolate, by either 1,000 

mg of MMF or 720 mg of MPS daily (76.8% and 23.2%, 

respectively), as our standard protocol. Further demographic 

data are demonstrated in Table 1.

For patients receiving MMF, MPA concentration rose 

rapidly after oral administration, and peak level was reached 

at 1 hour. The concentration decreased gradually after 2 hours 

and became stable after 6 hours. The concentration curve from 

each patient showed very similar pattern without delayed peak 

level. In contrast, patients receiving MPS showed a sustained 

level of MPA concentration after oral administration, with no 

peak level throughout the monitoring period. The mean AUC 

was 39.49±13.28 (28.39–89.58) mg-h/L. We also compared 

AUC between patients who were on different calcineurin 

inhibitors. The mean AUC in the tacrolimus group was 

higher than that in the cyclosporine group, but there was no 

statistical difference (41.27±15.82 vs 35.69±13.67 mg-h/L)  

(P=0.1). The patients who were on MMF had similar AUC 

to the patients with equivalent dose of MPS. The correlation 

between the predose MPA concentration and AUC was poor 

(r2=0.255).

Pharmacogenetic data
Genotype data on selected polymorphisms showed that 

for UGT1A8, S43L (rs372427845), H53N (rs45504099), 

A231T (rs72551325), T240A (rs72551326), and C277Y 

(rs17863762); and for UGT1A9, -2152C/T (rs17868320) and 

-275 T/A (rs6714486) were all homozygous, in both patients 

with AUC above 30 mg-h/L (case group) and below 30 mg-

h/L (control group). We found that for UGT2B7, -824G/A 

(rs7438135) and H268Y (rs7439366); and for UGT1A8, 

A173G (rs1042597) showed heterozygosity on both loci. 

These alleles were in Hardy–Weinberg equilibrium, for both 

case and control groups. Tests for association showed that 

for UGT2B7, -824G/A and H268Y both had statistically 

significant allele frequency differences between the case and 

control groups. In addition, -824G/A and H268Y were highly 

linked (D′= 1) (r2=0.966). For UGT2B7 at position -824, 

the common odds ratio of having G allele in case group 

was 0.604 when compared with A allele (P=0.03674). The 

presence of G allele (G/G or G/A) had odds ratio of 0.461 

compared with the absence of G allele (A/A). Heterozygous 

G/A at this position also had significant odds of 0.451 when 

compared with homozygous A/A. Meanwhile, for UGT2B7 

at position 268, the common odds ratio of having a C (Y) 

allele in the case group was 0.557 compared with the T (H) 

allele (P=0.01858). The presence of C allele (C/C: YY or C/T: 

HY) had odds ratio of 0.433 compared with the absence of C 

allele (T/T: HH). Heterozygous C/T (HY) at this position also 

had significant odds of 0.435 compared with homozygous 

C/C (HH). After Bonferroni correction was used, UGT2B7 

polymorphism remained statistically significant. Among the 

138 patients who participated in the study, we found that 

patients who carried G allele at position -824 also had a C 

(Y) allele at position 268, and patients who carried C allele 

at position -824 also had a T (H) allele at position 268 of 

UGT2B7. In contrast, we did not see significant association 

on UGT1A8 at position A173G and AUC (Table 2). Since two 

alleles of UGT2B7 were linked, we chose to examine the cor-

relation between AUC in percentile and the UGT2B7 H268Y 

allele. We found that patients who were HY heterozygous 

had lower average AUC (38.5 mg-h/L) than did patients who 

were HH homozygous (44.18 mg-h/L). The AUC percentile 

comparison found the highest frequency of HY heterozygote 

was in the fourth decile (30–40 mg-h/L), while the highest 

frequency of the HH homozygote was in the fifth decile 

(40–50 mg-h/L) (Figure 1A and B).
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Figure 1 (A) comparison of aUc decile distribution between patients who carried Tc alleles (dark bars) and patients who carried TT alleles (light bars) in UGT2B7 at 
position 268. (B) comparison of allele frequency between the group with aUc above 30 mg-h/l (left pie chart) and the group with aUc below 30 mg-h/l (right pie chart).
Abbreviation: aUc, area under the curve.

Table 2 Test for association between polymorphisms and aUc

Polymorphism Allele frequency 
of control group*

Allele frequency 
of case group*

Allele frequency 
difference

Heterozygous vs  
homozygous

Common 
odds ratio

UGT2B7 
-824g/a

gg =3 (5.14) 
ga =27 (22.73)  
aa =23 (25.14)

gg =4 (3.81)  
ga =28 (28.38)  
aa =53 (52.81)

Or =1.699 (P=0.04389) 
(95% ci 1.012–2.853) 
for g . a

Or =0.451(P=0.01968) 
(95% ci 0.230–0.885) 
for aa . ga

Or =0.604 (P=0.03674) 
for a . g

UGT2B7 
h268Y (T/c)

TT =22 (23.78) 
Tc =27 (23.44)  
cc =4 (5.78)

TT =53 (52.81)  
Tc =28 (28.38)  
cc =4 (3.81)

Or =1.820 (P=0.02190) 
(95% ci 1.087–3.046) 
for c . T

Or =0.435 (P=0.01535) 
(95% ci 0.221–0.857) 
for TT . Tc

Or =0.557 (P=0.01858) 
for T . c

UGT1A8 
a173g (c/g)

cc =20 (18.72) 
cg =23 (25.55)  
gg =10 (8.72)

cc =24 (23.82)  
cg =42 (42.35)  
gg =19 (18.82)

Or =1.277 (P=0.29474) 
(95% ci 0.808–2.017) 
for c . g

Or =1.509 (P=0.27077) 
(95% ci 0.725–3.141) 
for cc . cg

Or =1.247 (P=0.30744) 
for c . g

Note: *expected allele frequencies in hardy–Weinberg equilibrium were shown in parenthesis.
Abbreviations: AUC, area under the curve; CI, confidence interval; OR, odds ratio.

Discussion
Our study was the first report of pharmacokinetic and phar-

macogenetic studies in Thai kidney transplant patients who 

received reduced dose of mycophenolate. We demonstrated 

that the majority of patients had adequate AUC level despite 

that all patients received smaller dose of mycophenolate than 

the Caucasian population. These results were similar to other 

reports of higher AUC among Asian kidney transplant indi-

viduals who were on mycophenolate, compared with Western 

patients.6,7 These findings also support our clinical observation 

that many Thai kidney transplant patients experienced high 

incidence of mycophenolate-related adverse reaction with full 
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dose and that most of the Thai transplanted patients at Siriraj 

Organ Transplant Center were able to tolerate reduced myco-

phenolate dosage with acceptable graft survival outcome and 

acute rejection rate. A recent study in Japanese renal transplant 

patients also found that the majority of patients who were 

using a MMF plus cyclosporine-based regimen were unable 

to tolerate the original dosage of 2 g/day due to adverse effects 

and subsequently reduced to a mean dosage of 1.24 g/day.12 

There were previous studies on the relationship between MPA 

pharmacokinetics and graft rejection, and on adverse effects 

in various organ transplant cohorts. Some results showed that 

high MPA level (peak or trough) or high AUC were associ-

ated with increased risk of side effects, while other results did 

not.13–15 A systematic review published in 2008 showed that 

MPA AUC and total dose had good correlation with risk of 

acute graft rejection and that free MPA level may better predict 

toxicity.16 The study by Yau et al brought an interesting concept 

that current recommended fixed dose should not be ideal for all 

patients.17 The authors concluded that the body weight-adjusted 

MMF dosage tended to be lower than that reported from the 

Western population. Yau et al further concluded that the 12 mg/

kg twice daily dose of MMF (24 mg/kg/day) should provide 

adequate AUC for Asian patients. However, whether there are 

ethnic differences in mycophenolate disposition in the Asian 

population needs further investigation. Studies to determine 

whether genetic differences in the drug-metabolizing enzymes 

for MPA could be a contributing factor were suggested. Our 

finding confirmed the conclusion of Yau et al that Asian patients 

required lower MMF dosage than do Caucasian patients. The 

range of body weight-adjusted MMF dosages in our study was 

13–19.6 mg/kg/day. Our study showed that polymorphisms in 

UGT2B7 – a drug metabolizing enzyme gene – were associated 

with MPA AUC. As expected, we did not find the difference 

in AUC between the suggested doses of MMF and MPS, thus 

supported the bioequivalence of these two preparations. It is 

of interest to observe that patients treated with cyclosporine 

tend to have lower AUC than those with tacrolimus. It has 

been known that enterohepatic recirculation of MPA involves 

excretion of MPAG into the intestinal lumen through the biliary 

system. Multidrug resistance-associated protein 2 (MRP2) at 

the apical surface of hepatocytes plays an active role in MPAG 

excretion. Inactive MPAG is then deconjugated by intestinal 

bacteria to become active MPA and is absorbed into circulation. 

The enterohepatic recirculation was estimated to contribute 

about 40% of the total AUC. Cyclosporine is an inhibitor of 

MRP2 at the apical surface of hepatocytes and may cause an 

AUC reduction in those patients who are on cyclosporine. The 

results of our study indicated that most Thai kidney transplant 

patients achieve an adequate AUC value even though lower 

dose of mycophenolate was administered. Similar findings 

from several populations suggested that a genetic factor may 

play role in difference in MPA metabolism.18–20 We were 

interested in UGT1A8, 1A9, and 2B7 polymorphisms, due 

to their involvement in the MPA metabolic pathway. Our 

results showed that polymorphisms at position -824 and 268 

of UGT2B7 were associated with the AUC of MPA. Because 

both alleles were linked, the data did not allow us to conclude 

the real contribution from each allele. Study of UGT2B7 

glucuronidation in human hepatocytes showed that T/T (HH) 

polymorphism had modestly lower activity than C/C (YY) 

polymorphism. Though H268Y polymorphism was sufficient 

to affect MPA kinetics,20 there was evidence that promoter 

polymorphism may also have influence on MPA metabolism, 

in addition to H268Y allele.21 Lower enzyme activity gives 

rise to slower conversion from MPA to MPAG. This result may 

explain the lower AUC in patients who carried the HY allele, 

when compared with HH allele. No association was demon-

strated in the YY allele group, due to inadequate sample size. 

 However, the present study had several limitations. First, the 

purpose of this study was mainly to demonstrate that major-

ity of Thai kidney transplanted patients who received half of 

the recommended fixed-dose regimen without rejection could 

achieve an AUC target above 30 mg-h/L. Though this result 

supported the fact that Thai patients, similar to other Asian 

cohorts, require a smaller mycophenolate dose than Caucasian 

patients, we could not conclude that the low dose regimen is 

suitable for long-term immunosuppression since the outcomes 

on graft survival, development of donor-specific antibody, and 

other clinical parameters require ongoing follow-up study of 

this cohort. Second, we did not include all genetic polymor-

phisms that could affect the pharmacokinetics and pharma-

codynamics of MPA. Furthermore, no significant association 

in selected UGT1A8 and 1A9 polymorphisms was observed 

due to uninformative alleles (for UGT1A8, these were S43L, 

H53N, A231T, T240A, and C277Y; and for UGT1A9, these 

were -2152C/T and -275 T/A). The lack of informative alleles 

did not allow us to observe additive effects of several UGTs 

on MPA metabolism. We also did not observe an association 

in polymorphism at position 173 of UGT1A8. One explana-

tion is that in vitro study revealed no significant effect of 

UGT1A8 activity for the codon 173 variation because MPA 

metabolism involves many UGTs as well as other cellular 

transporters, such as ABCC2 (MRP2), ABCG2, and SLCO 

proteins.22 As expected, we detected moderate contribution in 

UGT2B7 polymorphisms. Other studies on the effect of UGT 

polymorphisms and MPA  pharmacokinetics have previously 
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been done and revealed similar results; however these were 

mainly performed in healthy individuals using a single dose 

of MMF.20,23 Our study in transplanted recipients should better 

represent real clinical scenarios in which patients have regular 

and concurrent use of multiple immunosuppressive drugs.

In conclusion, the majority of Thai patients could main-

tain adequate AUC despite a lower mycophenolate dosage 

than recommendation. We also demonstrated the significant 

association between UGT2B7 polymorphisms and AUC level, 

suggesting the role of genetic polymorphisms in MPA metabo-

lism and AUC, in our kidney transplant patients. However, 

further investigation of other polymorphisms in UGTs and 

other transporter genes would be crucial to elucidate a better 

picture of pharmacogenetic roles of MPA metabolism.
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