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ABSTRACT. We examined the influence of the cytochrome P450 3A5 
(CYP3A5) genes in both donors and recipients on the concentration-
dosage ratio (C/D) of tacrolimus in Chinese liver transplant patients. 
Fifty-one adult liver transplant patients who received tacrolimus were 
included in this study. The CYP3A5 polymorphism in donors and 
recipients was determined at the time of transplantation, and tacrolimus-
based immunosuppressive therapy was started based on each patient’s 
genetic constitution. The relationship between the C/D of tacrolimus 
for 3 months after surgery and the CYP3A5 genotype was analyzed. A 
stepwise regression model was used to analyze the relationship between 
C/D of tacrolimus and genotype, time course, age, and liver weight in 
liver transplant patients. Three months after liver transplantation, C/D 
was both affected by the CYP3A5 genotype of both the donors and 
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the recipients. The C/D of tacrolimus in patients with the CYP3A5*1 
allele or carrying CYP3A5*1 allele in the liver was lower than that in 
CYP3A5*3/*3 patients with the CYP3A5*3/*3 genotype in the liver (P 
< 0.01). The CYP3A5*1 genotype in donors as well as in patients both 
contributes to interindividual variation in the C/D of tacrolimus in adult 
liver transplantation.

Key words: Cytochrome P450 3A5; Liver transplantation; Tacrolimus;
Pharmacogenomics 

INTRODUCTION

Recent studies have shown that blood FK506 (tacrolimus) level is significantly corre-
lated with polymorphismsin the cytochrome P450 3A5 (CYP3A5) gene in the heart, lung, and 
kidney of transplant patients (Hesselink et al., 2003; Zheng et al., 2003, 2004; Macphee et al., 
2005). Mutations in intron 3 of CYP3A5 (A6986>G) results in the production of an inactive 
enzyme and patients with a specific CYP3A5 polymorphism showed slow tacrolimus metabo-
lism (Kuehl et al., 2001; Lin et al., 2002; Kamdem et al., 2005). 

However, in liver transplant patients, the effects are more complicated. CYP3A5 is 
expressed both in the liver and small intestine, and thus both the donor and recipient CYP3A5 
genotypes affect tacrolimus metabolism. Few studies have examined the relationship between 
the CYP3A5 polymorphism and tacrolimus level in liver transplant patients. Moreover, the 
findings from these studies are inconsistent: some results showed that the receptor genotype 
has important implications for the metabolism of tacrolimus (Li et al., 2013; Spierings et al., 
2013; Zhang et al., 2013), while other studies showed that blood tacrolimus level is more 
closely associated with the donor genotype (Barry and Levine, 2010; De Jonge et al., 2012; 
Valente et al., 2013).

Thus, we performed a prospective study to identify the genotype with the most signifi-
cant effect on tacrolimus metabolism. Before transplantation, we investigated the genotypes 
of donors and recipients and adjusted the dosage based on each patient’s genetic constitution 
to determine a target trough concentration. A 3-month follow-up after transplantation was 
performed to investigate the association between the concentration/dosage (C/D) ratio of ta-
crolimus and the CYP3A5 status of donors as well as of recipients. 

In addition, because CYP3A5 is expressed in both the liver and small intestinal epi-
thelium, we hypothesized that in recipients who received organs from donors with different 
CYP3A5 genotypes, the ratio of liver weight between the donor and recipient (donor/recipi-
ent) may be of clinical significance to the plasma C/D ratio of tacrolimus. Stepwise regression 
analysis was performed to investigate the influence of liver weight, CYP3A5 genotype, time 
course, and age on the tacrolimus C/D ratio.

MATERIAL AND METHODS

Patients 

From November 2010 to November 2011, 60 Chinese adult patients underwent ortho-
topic liver transplantation (OLT) in our center. We determined the CYP3A5 genotype of the 
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recipient and corresponding donor before operation. The condition of 4 patients was not stable 
and these patients died from graft dysfunction, severe infection, and cerebral hemorrhage 
within 3 months after liver transplantation. Five patients were excluded because they did not 
attend regular out-patient visits. A total of 51 patients were enrolled in the study. In addition, 
patients with concentration values influenced by therapy with potential inducers or inhibitors 
of the CYP enzyme, such as rapamus and fluconazole, were excluded. 

Genotype analysis

Peripheral blood samples from recipients and their corresponding donors were ob-
tained before operation. Genomic DNA was extracted using the MagNA Pure LC DNA Isola-
tion kit I (Roche, Mannheim, Germany). The single-nucleotide polymorphism A6986G in the 
CYP3A5 intron 3 was identified using the polymerase chain reaction (PCR)-restriction frag-
ment length polymorphism method.

Primer sequences were as follows: forward 5'-CAT CAG TTA GAT GAC AGA TGA-3' 
and reverse 5'-GGT CCA AAC AGG GAA GAA ATA-3'. PCR was performed in a volume of 50 
mL containing 0.2 mM of each primer, 0.2 mM dNTPs, 10X PCR buffer, 2.5 mM MgCl2, and 
0.6 U Taq DNA polymerase. The PCR was carried out as follows: 10 min at 94°C, 32 cycles 
for 45 s at 94°C, 45 s at 58°C, and 45 s at 72°C, and finally 10 min at 72°C. The 293-base pair 
PCR product was electrophoresed on a 1.5% agarose gel and subsequently obtained using the 
Qiaquick Gel Extraction Kit (Qiagen, Hilden, Germany). For restriction digestion, a 20-mL 
volume including 6 mL PCR product and 0.5 U SspI enzyme was incubated at 37°C overnight. 
The digestion product was electrophoresed on a 15% polyacrylamide gel followed by silver 
staining for genotype determination. 

Immunosuppressive therapy

Before operation, the CYP3A5 genotype of each patient and corresponding donor was 
identified. After operation, the tacrolimus dosage was determined based on each patient’s con-
dition, as well as the recipient and donor genetic constitutions. Tacrolimus (Prograf, Astellas 
Pharma Inc., Tokyo, Japan) was orally administered twice daily (at 6:00 a.m. and 6:00 p.m.). 
The mean initial dosage of tacrolimus in patients with CYP3A5*1/*1(*1/*3) was 4-6 mg per 
day, and the mean initial dosage of tacrolimus in patients with CYP3A5*3/*3 was 2-4 mg per 
day. The target blood trough concentration was 6-8 ng/mL. The dosage was adapted based 
on clinical syndromes, trough concentration level, renal function, and immune function; spe-
cial consideration of the dose was made when administering tacrolimus to patients with the 
CYP3A5*3/*3 genotype and CYP3A5*3/*3 liver status. In addition, 1 g methylprednisolone 
was administered intravenously during operation and the dosage was gradually reduced. Oral 
prednisolone replaced methylprednisolone 1 week after surgery and the dosage was gradually 
tapered off over the 3 months after the transplant. Before transplantation, 500 mg mycopheno-
late mofetil was administered orally, and then administered at 1000 mg per day.

Tacrolimus concentration

A total of 357 blood samples were collected before the morning dose (at 8:00 a.m.) 
on the day of 1, 2, 3, 4, 5, 6, 7, 8, and 12 weeks after transplantation. Tacrolimus concentra-
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tion (ng/mL) was assayed using a microparticle enzyme immunoassay method with an IMx 
analyzer (Abbott Laboratories; Abbott Park, IL, USA) on the day of blood collection. The 
daily dose of tacrolimus was recorded and its weight-adjusted dosage (mg·kg-1·day-1) was 
calculated.  

Statistical analysis

All values are reported as means ± standard deviation. The CYP3A5*1/*1 genotype 
and *1/*3 genotype were combined into the expresser genotype group and the *3/*3 geno-
type was considered the nonexpresser group. The chi-square test was used to compare the 
distribution of genotypes (constituent ratio) in recipients and donors. Intergroup differences 
in the C/D ratio of tacrolimus were analyzed using the Mann-Whitney U-test (2-group) and 
the Kruskal-Wallis tests (4-group). Stepwise regression analysis was used to investigate 
the influence of liver weight, CYP3A5 genotype, time course post-operation, and age on 
the tacrolimus C/D ratio. Statistical analyses were performed using the statistical software 
package SPSS13.0 (SPSS, Inc., Chicago, IL, USA). A P value less than 0.05 was considered 
to be statistically significant. 

RESULTS

Patient data

A total of 51 patients (39 men and 12 women) were enrolled in the study. Demo-
graphic data of the study population are shown in Table 1. The mean recipient age was 51.65 
± 8.53 (26-73) years and the mean recipient body weight was 69.73 ± 12.63 (45-105) kg. The 
most common primary disease leading to liver transplantation was hepatitis B virus infection 
(33/51, 64.7%). A few patients supplied insufficient samples during follow-up, and the drug 
concentration data for most patients were included.

Table 1.  Characteristics of the study population (N = 51).

Characteristics

Demographics
   Gender (male/female)	 39/12
   Age (year)	 51.65 ± 8.53 (26,73)
   Body weight (kg)  	     69.73 ± 12.63 (45-105)
   Graft weight (g)           	       1327.35 ± 277.69 (880-2190)
   Graft-to-recipient weight ratio (%)   	         1.95 ± 0.43 (1.08-2.88)
Primary disease
   Cirrhosis       	   38
   Cancer  	   19
   Hepatitis C virus infection	     5
   Hepatitis B virus infection   	   33
   Primary biliary cirrhosis  	     8
   Alcoholic cirrhosis  	     1
   Others (drug induced liver injury)	     2
Concentration data of tacrolimus 	
   Number of samples  	 379
   Number of samples per patient  	 7 (5-9)
   Dose (mg/day/kg)  	             0.065 ± 0.023 (0.013-0.136)
   Trough concentration (ng/mL)   	       5.63 ± 3.37 (0.5-18.7) 

Data are reported as a number or median (range).



L. Wang et al. 15152

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 14 (4): 15148-15157 (2015)

Blood tacrolimus concentrations 

The blood tacrolimus concentration is shown in Figure 1, and data from the same pa-
tient are connected with a line. Tacrolimus concentration ranged from 0.5-18.7 ng/mL.

Figure 1. Tacrolimus trough concentrations vs postoperative weeks for all recipients (N = 51).

Genotype data

The genotype frequencies of the CYP3A5*3 polymorphisms in both donors and re-
cipients are summarized in Table 2. Among the 51 liver transplant recipients and their cor-
responding donors, 6 (11.8%) recipients and 4 (7.8%) donors exhibited the *1/*1 genotype, 
19 (37.3%) recipients and 24 (47.1%) donors carried *1/*3, and 26 (51.0%) recipients and 
23 (45.1%) donors carried *3/*3. Therefore, the distribution frequency was 9.8% with *1/*1, 
42.2% with *1/*3, and 48.0% with *3/*3; the allelic frequencies of CYP3A5 *1 and *3 were 
30.9% (63/204) and 69.1% (141/204), respectively. The genotype proportions showed no sta-
tistically significant difference between recipients and donors (P > 0.05).

Table 2. Pharmacogenomic data for the study population (N = 51).

Genotype frequency	 Recipient	 Donor

CYP3A5*1/*1	   6 (11.8%)	 4 (7.8%)
CYP3A5*1/*3  	 19 (37.3%)	 24 (47.1%)
CYP3A5*3/*3  	 26 (51.0%)	 23 (45.1%)

Data are reported as the number of patients (percent) for genotype frequency.

Influence of pharmacogenomic data on tacrolimus C/D

To investigate the contribution of pharmacogenomic data on C/D, we divided patients 
into 2 groups based on patient and donor genotypes. Individuals with 1 CYP3A5*1 allele (A 
at position 6986) produced high levels of full-length CYP3A5 mRNA and expressed CYP3A5 
protein (Kuehl et al., 2001). Thus, we combined patients with the CYP3A5*1/*1 genotype and 
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*1/*3 genotype into the expresser genotype group and the *3/*3 genotype as the nonexpresser 
group. Table 3 shows the tacrolimus C/D ratio of the groups. Age, gender, weight, and liver 
weight showed no significant difference between groups.

For the donorCYP3A5 genotype, lower tacrolimus C/D ratios were observed 
among recipients receiving CYP3A5*1allele-carrying organs compared with recipients 
receiving non-CYP3A5*1allele-carrying organs at all 9 time points after OLT (P<0.05) 
(Figure 2). For the recipient genotype, after 2 weeks, the C/D ratio in *1/*1(*1/*3) geno-
type patients was significantly lower than that in *3/*3 genotype patients after 2 weeks 
(Figure 3).

We then reviewed the data and divided the patients into 4 groups according to CY-
P3A5 allelic status, and the tacrolimus C/D ratio was compared among groups (Table 4).

As shown in Figure 3, at 2, 3, 4, 5, 6, 7, 8, and 12 weeks post-operation, both the 
graft and recipient CYP3A5*3 polymorphisms played an important role in the variability of 
tacrolimus C/D.

Table 3. Tacrolimus concentration/dosage post-transplant according to donor’s and recipient’s CYP3A5 
genotype .

C/D ratio	                                                                Donor		                                                      Recipient

(ng/mL)/(mg/kg/day)	 *3/*3 (N = 25)	 *1/*1 ,*1/*3 (N = 26)	 P	 *3/*3 (N = 25)	 *1/*1 ,*1/*3 (N = 26)	 P

Week 1	 111.02 ± 61.19	 71.20 ± 42.42	 0.021	 100.62 ± 66.44	 77.23 ± 48.57	 0.157
Week 2	 107.30 ± 63.37	 76.17 ± 44.71	 0.046	   99.12 ± 58.64	 80.95 ± 51.79	 0.246
Week 3	 116.92 ± 62.28	 64.43 ± 36.17	 0.002	 109.37 ± 62.48	 65.99 ± 43.39	 0.006
Week 4	 115.72 ± 68.76	 65.91 ± 43.54	 0.006	 112.18 ± 69.65	 61.25 ± 34.19	 0.002
Week 5	 105.45 ± 50.12	 61.81 ± 28.81	 0.001	   98.21 ± 49.02	 62.40 ± 31.39	 0.004
Week 6	 102.39 ± 64.84	 70.68 ± 34.99	 0.002	 123.94 ± 56.79	 60.62 ± 32.54	 0.000
Week 7	 114.92 ± 59.98	 73.10 ± 41.70	 0.008	 119.73 ± 56.51	 62.66 ± 33.34	 0.000
Week 8	 118.85 ± 57.49	 79.77 ± 51.91	 0.016	 123.46 ± 57.65	 69.88 ± 43.12	 0.001
Week 12	 158.55 ± 78.43	 76.39 ± 48.53	 0.001	 132.06 ± 77.52	 86.51 ± 64.47	 0.053

Data are reported as means ± SD. C/D, dose-adjusted trough blood concentration. P < 0.05, significant difference 
in the mean value from the CYP3A5*3/*3 group (unpaired t-test).

Figure 2. Influence of donor and recipient genotypes on the tacrolimus C/D ratio for 3 months after orthotopic 
liver transplantation (OLT). A. Influence of donor genotype on the tacrolimus C/D ratio for 3 months after OLT. B. 
Influence of recipient genotype on the tacrolimus C/D ratio for 3 months after OLT. Each bar indicates the median 
value. *P < 0.05, significant difference between 2 groups (Mann-Whitney U-test).
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Figure 3. Tacrolimus C/D ratio of the 4 groups by genotype of grafts and recipients.

Table 4. Tacrolimus blood C/D ratios (ng/mL)/(mg/kg/day) in different groups of combined CYP3A5 
genotypes in both donor and recipient at 1, 2, 3, 4, 5, 6, 7, 8, 12 weeks post-transplantation.

C/D ratios

Donor      	 *1/*1 and *1/*3	 *1/*1 and *1/*3	 *3/*3	 *3/*3
Recipient	 *1/*1 and *1/*3	 *3/*3	 *1/*1 and *1/*3	 *3/*3
N	 17	 11	 8	 15
Week 1	 79.76 ± 49.50	 70.63 ± 37.69	 83.46 ± 59.86	 120.01 ± 63.41
Week 2	   80.21 ± 50.96*	   57.26 ± 18.77*	   70.90 ± 45.66*	 132.42 ± 71.20
Week 3	   60.95 ± 34.06*	   69.81 ± 40.29*	   76.69 ± 60.09*	 138.39 ± 60.66
Week 4	   56.31 ± 32.33*	   79.88 ± 54.77*	   72.55 ± 38.20*	 135.87 ± 71.41
Week 5	   58.15 ± 29.89*	   67.14 ± 27.68*	   72.11 ± 34.94*	 121.00 ± 49.29
Week 6	   53.76 ± 25.10*	   95.29 ± 33.38*	   74.34 ± 42.51*	 144.95 ± 62.01
Week 7	   53.98 ± 23.33*	 100.91 ± 47.63*	   80.00 ± 44.40*	 133.54 ± 60.00
Week 8	   62.97 ± 34.49*	 104.20 ± 64.13*	   83.72 ± 56.84*	 137.58 ± 49.97
Week 12	   73.60 ± 59.87*	   79.75 ± 33.03*	 117.48 ± 71.18*	 175.66 ± 77.58

Influence of age, time course, and graft liver weight on the C/D of tacrolimus

To investigate the influence of age, time course, and graft liver weight on the C/D 
of tacrolimus, stepwise regression analysis was performed. The C/D of tacrolimus was con-
sidered to be the dependent variable (Y), while 6 factors, including age, gender, graft liver 
weight, time-course after operation, and donor and recipient CYP3A5 genotypes, were con-
sidered independent variables (X). A stepwise regression equation was obtained as follows: 
Y (tacrolimus dose-adjusted trough blood concentration) =1.025 + 0.625 (donor CYP3A5 
genotype) + 0.520 (recipient CYP3A5 genotype) + 0.021 (time course post-transplant) - 0.008 
(age), P < 0.01. Liver weight was not correlated with blood concentrations. 

DISCUSSION

We conducted this prospective study to determine the effects of CYP3A5 genotypes 
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of donors and recipients on the C/D ratio of tacrolimus after liver transplantation, as well as to 
analyze the potential influence of graft liver weight, age, and time course after OLT.  

Figure 1 shows the pharmacokinetic characteristics of tacrolimus large interindividual 
variations. Although most blood tacrolimus concentrations were maintained within the thera-
peutic range (5-15 ng/mL) during the 3 months after liver transplantation, the tacrolimus con-
centration ranged by 10-fold. Therefore, a more optimal and safe tacrolimus dosage program 
can be established by using pharmacogenomic information as well as clinical data.  

Some previous studies in renal, lung, and heart transplantation have confirmed the 
contribution of the CYP3A5 polymorphism to individual differences in the response to tacro-
limus (Hesselink et al., 2003; Zheng et al., 2003, 2004; Macphee et al., 2005; De Jonge et al., 
2012; Li et al., 2013; Spierings et al., 2013; Zhang et al., 2013). However, in liver transplan-
tation, the contribution of donor liver and recipient gut on tacrolimus metabolism increases 
the complexity of the mechanism of tacrolimus metabolism. Few studies have examined the 
relationship between the CYP3A5 polymorphism and variation in tacrolimus individual dif-
ferences following liver transplantation, and the results are controversial (Barry and Levine, 
2010; Valente et al., 2013).

A liver transplantation study of 53 patients by Yu et al. (2006) suggested that the do-
nor CYP3A5*3 genotype contributes to the large interindividual variation in tacrolimus dose 
requirement, while the influence of CYP3A5 in the gut is less important. Another study re-
vealed that patients with a liver graft carrying the CYP3A5*1 allele had a lower C/D ratio of 
tacrolimus than patients with a CYP3A5*3/*3-carrying grafted liver (Goto et al., 2004). Some 
studies have demonstrated the contribution of the recipient CYP3A5 genotype on tacrolimus 
metabolism. Mancinelli et al. (2001) found that tacrolimus pharmacokinetics were affected by 
differences of the intestine CYP3A5 genotype. A significant difference was also found in tacro-
limus daily dose and tacrolimus C/D ratios between recipients carrying the CYP3A5 6986GG 
allele and recipients carrying the CYP3A5 6986AG/AA allele both at 2 and 3 weeks and 1 
month after transplantation (Uesugi et al., 2006). One previous study found that the genetic 
polymorphism of CYP3A5 in Chinese patients who underwent liver transplantation is an im-
portant factor affecting tacrolimus blood concentration (Jin et al., 2008).

In this study, we investigated CYP3A5*3 polymorphisms in 51 Chinese liver trans-
plantation donors and recipients. Based on donor genotype, significant differences in the ta-
crolimus blood C/D ratio were found between the CYP3A5*1/*1(*1/*3) and CYP3A5*3/*3 
groups at all of the time points 3 months after transplantation (Figure 2A). Analysis of recipi-
ent genotypes showed similar results (Figure 2B), demonstrating that the genotype of donors 
and recipients both affect tacrolimus concentration. Although no significant difference was 
found after the 1st and 2nd week post-transplantation, this may be because in early stages after 
operation, the conditions of the recipients were not stable, and liver and intestine dysfunction 
resulting from ischemia reperfusion injury had not recovered.  

To further validate this hypothesis, we divided the patients into 4 groups by donor and 
recipient genotype and compared the tacrolimus C/D ratio among groups. As shown in Table 
4, the tacrolimus C/D ratios of the CYP3A5 nonexpressers in both donors and recipients were 
higher compared with the other 3 groups. No significant difference was found among the other 
3 groups regarding tacrolimus C/D ratios. Thus, both the hepatic and the intestinal CYP3A5*1 
allele significantly influenced tacrolimus dose and C/D ratio. Either the donor or recipient with 
1 CYP3A5*1 allele (A at position 6986) were related to a lower tacrolimus C/D ratio in the 3 
months after operation.
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Because most CYP3A5 enzymes are enriched in the intestinal tract and liver, the con-
tribution of the donor liver should be considered when examining the individual variations of 
tacrolimus pharmacokinetics. In addition, the first-pass elimination of immunosuppressants in 
the gut is thought to account in part for individual variations (Tuteja et al., 2001; Kamdem et 
al., 2005; Tang et al., 2011; Ji et al., 2012; Zhao et al., 2013). 

In addition, we hypothesized that liver size may be an important factor affecting the 
contribution of the recipient and donor genotypes (Kishino et al., 2006; Lee et al., 2006; Mo-
chizuki et al., 2006). Thus, we evaluated genotype and non-genotype factors using stepwise 
regression analysis and found that factors impacting patient tacrolimus blood concentrations in 
a descending order were: donor CYP3A5 genotype, recipient CYP3A5 genotype, time course, 
and age. Interestingly, the partial regression coefficient of the liver size was negative, which 
may be because liver size was similar among these patients. The most important factor affect-
ing tacrolimus blood concentration may change in long-term stages after operation.  

In conclusion, our finding suggests that both donor and recipient CYP3A5 poly-
morphisms affect the C/D of tacrolimus. Donors or recipients with the CYP3A5*1 genotype 
were associated with a lower tacrolimus C/D ratio for 3 months after operation. Only the 
CYP3A5*3/*3 genotype recipients with CYP3A5*3/*3 liver required lower tacrolimus dosage 
to achieve the target trough concentration. Multiple factor stepwise regression revealed that 
the factors impacting the C/D of tacrolimus [(ng/mL) / (mg/kg/day)] were the donor CYP3A5 
genotype, recipient CYP3A5 genotype, time course, and age.   

Identification of genetic parameters will enable the establishment of a more optimal 
and safe tacrolimus dosage to obtain adequate immunosuppression without increasing the risk 
of toxicity in patients undergoing liver transplant. Further studies are needed to explore the 
later stages and the clinical effect of adapting tacrolimus dosage by genotype. 
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