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OBSERVATIONAL STUDY

Donor PPARa Gene Polymorphisms Influence the
Susceptibility to Glucose and Lipid Disorders in Liver
Transplant Recipients

A Strobe-Compliant Observational Study

Qi Ling, PHD, Xiao Xu, PHD, Kai Wang, MD, Chao Wang, MD, Penghui Xiang, MD,
Xuanyu Zhang, MD, Runzhou Zhuang, MD, Haiyang Xie, MD, and Shusen Zheng, PHD, MD

Abstract: Peroxisome proliferator-activated receptor « (PPAR) is an
important regulator of glucose and lipid metabolism, and is predomi-
nantly expressed in the liver. We aimed to evaluate the effect of donor
hepatic PPARa gene polymorphisms on the development of metabolic
disorders following liver transplantation (LT).

A total of 176 patients undergoing primary LT were included in this
Review Board-approved study. Genomic DNA was extracted from fresh
frozen donor liver tissues (biopsy specimens for pathological testing at
surgery). Eight single nucleotide polymorphisms in the PPARa gene
were chosen from either the HapMap CHB database or previous reports.

The distribution of metabolic disorders differed significantly
between the wild-type and variant genotypes of both the rs5767743
and rs5767700 loci (P <0.05 for all). After an adjustment for other
factors (body mass index and tacrolimus blood concentration), the
1s5767743 genetic variant was found to be an independent protective
factor (P=0.005, odds ratio=0.416 per C allele, 95% confidence
interval =0.225-0.768). When compared with the wild-type genotype,
the variant genotypes rs5767743 and rs5767700 correlated with sig-
nificantly increased PPARa and CYP3A4 mRNA expression and lower
tacrolimus trough concentration/dose ratios (P < 0.05 for all).
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Donor PPARa gene polymorphisms influence the susceptibility to
metabolic disorders following LT and may also be associated with a
fasten tacrolimus metabolism because of elevated CYP3A4 expression.

(Medicine 94(35):e1421)

Abbreviations: BMI = body mass index, C/D = concentration/
dose, CT = cycle threshold, CYP3A4 = cytochrome P450 3A4, LT
= liver transplantation, MAF = minor allele frequency, PPAR =
peroxisome proliferator-activated receptor, SNP = single nucleotide
polymorphism.

INTRODUCTION

M etabolic disorder is one of the most universal and serious
complications following liver transplantation (LT). More
than one-third of liver transplant recipients may have metabolic
disorder (ie, diabetes mellitus, dyslipidemia, hypertension, and
obesity) and the prevalence will elevate along with increased
life expectancy.' There is an increasing interest in investigating
metabolic disorder because its primary clinical outcome has
been identified as cardiovascular disease, which is the third
(following hepatic and malignancy) leading cause of late death
following LT.>* Identifying recipients at potential risk of
developing metabolic disorder is therefore essential and
beneficial for preventing cardiovascular disease and improving
recipients’ long-term outcome and standard of living.

To date, various kinds of clinical parameters have been
described as risk factors for developing metabolic disorder,
including old age, obesity, hepatitis C infection, renal dysfunc-
tion, and immunosuppressive medication. In addition to clinical
parameters, genetic factors also play important roles in the
development of human diseases.” The peroxisome proliferator-
activated receptors (PPARs), which compose a subfamily of
nuclear hormone receptors, have long been considered to be key
regulators of metabolic status.™® Particularly in the liver,
PPARs regulate a whole spectrum of physiological functions,
including lipid and glucose metabolism, cholesterol and bile
acid homeostasis, insulin sensitivity, inflammatory responses,
and regenerative mechanisms.’

The donor liver is a vital organ for metabolism in liver
transplant recipients. Our previous studies demonstrated that
genetic variants in the donor liver were associated with the
development of new-onset diabetes® and changes in the phar-
macokinetics of tacrolimus® following LT. In this study, we aim
to evaluate the effect of donor PPAR gene polymorphisms on
the development of a metabolic disorder following LT. The
PPARa isoform was chosen because it is predominantly
expressed in the liver, whereas the other 2 isoforms are not.’

www.md-journal.com [ 1


mailto:zyzss@zju.edu.cn
mailto:zjxu@zju.edu.cn
http://dx.doi.org/10.1097/MD.0000000000001421

Ling et al

Medicine * Volume 94, Number 35, September 2015

Moreover, PPARa gene polymorphisms were recently found to
be a novel genetic determinant of hepatic cytochrome P450 3A4
(CYP3A4) expression,'® which is the main cytochrome P450
isoform in human liver that is also involved in the metabolism of
many drugs, including tacrolimus.'' Therefore, our secondary
purpose was to assess whether genetic variants in the donor
PPARa gene were involved in the regulation of hepatic
CYP3A4 expression and subsequently associated with the
tacrolimus response.

PATIENTS AND METHODS

Patients

All of the patients undergoing primary LT between January
2010 and October 2012 at the First Affiliated Hospital, Zhejiang
University School of Medicine, China, were enrolled. We
excluded patients with a history of glucose or lipid disorder,
those receiving a donor with moderate hepatic steatosis
(>30%), or those with <3-month follow-up time. Patients
who developed acute rejection and required a high-dose immu-
nosuppressant treatment were also excluded. A total of 176
patients were included, and their main characteristics are shown
in Table 1.

This study was approved by the Institutional Review Board
of our hospital, the current regulation of the Chinese Govern-
ment, and the Declaration of Helsinki. All authors had access to
the study data and had reviewed and approved the final manu-
script. Written informed consents were obtained. No donor
organs were obtained from executed prisoners.

Information from both donors and recipients were
recorded. The pretransplant data, including age, sex, body mass
index (BMI), primary liver disease, comorbidities, and bio-
chemistry parameters were collected 24 hours before transplan-
tation. All of the patients received triple immunosuppressant
therapy, which incorporates tacrolimus, mycophenolate, and a
steroid, according to the standard protocol.® Tacrolimus trough
levels were detected using Microparticle Enzyme Innumoassay
on the IMx analysers as reported previously.’

Definition

The presence of a metabolic disorder was defined by either
diabetes, hypertriglyceridemia, or hypercholesterolemia. Dia-
betes was defined as a fasting glucose level of at least 7 mmol/L,
confirmed on at least 2 occasions, or the need for antidiabetic
drugs.® Hypertriglyceridemia was defined as serum triglycer-
ides >150 mg/dL or the need for a pharmacologic treatment. '

TABLE 1. Patient Characteristics

All Patients

Patients With Metabolic

Patients Without Metabolic

*

(n=176) Disorders (n=68) Disorders (n=108) P

Donor age, y 37.2+8.2 37.5+74 36.8+£9.3 0.641
Donor male/female, n 162/14 62/6 100/8 0.735
Cold ischemia time, h 9.1+2.8 93+24 9.0+3.0 0.468
Hepatic steatosis, n' 36 13 23 0.727
Blood type mismatch, n 37 16 21 0.505
Recipient age, y 473+10.8 49.0+10.0 463+11.2 0.099
Recipient male/female, n 159/17 61/7 98/10 0.821
Follow-up, y 19+£13 19+£13 19£13 0.800
MELD score 18.1+10.3 19.4+12.6 17.4+8.4 0.260
Primary liver disease, n

Hepatitis B/other 161/15 63/5 98/10 0.659

HCC 80 32 48 0.734
Comorbidities, n

HE 33 14 19 0.620

HRS 13 7 6 0.242

BEV 42 15 27 0.656

Ascites 73 33 40 0.132
Metabolic status

BMI, kg/m? 22.6+£29 23.6+3.1 21.9+2.7 <0.001

Glucose, mmol/L* S1+£1.3 51+14 S1+£13 0.633

Triglyceride, mg/dL* 67.9+42.2 67.4+43.8 68.2+£413 0.895

Cholesterol, mg/dL* 116.9+51.0 115.0+54.1 118.2+49.2 0.680
Tacrolimus concentration, ng/mL

At 1 mo 8.0+£2.6 85+2.6 7.6£2.5 0.031

At 3 mo 7.7+24 85+22 73423 0.001
Steroid usage, n

At 1 mo 108 40 68 0.583

At 3 mo 0 0 0 -

BEV = bleeding esophageal varices, BMI = body mass index, HCC = hepatocellular carcinoma, HE = hepatic encephalopathy, HRS = hepatorenal

syndrome, MELD =model for end stage liver disease.

* Comparison of patients with and without metabolic disorder at 3 months after liver transplantation.

" Hepatic steatosis <30%.
iFasting status.
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Hypercholesterolemia was defined as serum cholesterol
>200mg/dL or the need for a pharmacologic treatment.'?

Genotyping

Genomic DNA was extracted from fresh frozen donor liver
tissues (biopsy specimens for pathological testing at surgery)
using Maxwell 16 Tissue DNA Purification Kit (Promega, Madi-
son, WI). Single nucleotide polymorphisms (SNPs) in PPAR«a
gene were chosen from HapMap CHB database with a minor
allele frequency (MAF) of >0.2 and #* of >0.8. Six tag SNPs
(rs5767700, rs4253681, rs135549, rs12330015, rs5767743, and
rs129600) were selected (see Table, Supplemental Digital Con-
tent 1, http:/links.lww.com/MD/A391, which describes the
characteristics of selected SNPs). Another 2 (rs1800206 and
rs4253728) were also chosen because they were reported to be
associated with hypertriglyceridemia and CYP3A4, respect-
ively.'®!® SNPs were detected using Applied Biosystems SNaP-
Shot technology, and polymerase chain reaction (PCR)
sequencing (only for rs5767700), as described previously.®

Quantitative PCR

Quantitative PCR was performed using Real-Time PCR
System 9500 (Applied Biosystems, Carlsbad, CA) and SDS
2.1 software (Applied Biosystems). All reactions were measured
in triplicates in a final volume of 20 uL. The PCR primer and
Tagman probe are shown (see Table, Supplemental Digital Con-
tent 2, http:/links.lww.com/MD/A391, which shows the PCR
primers). Cycling conditions were chosen according to the man-
ufacturer’s protocols. Briefly, qRT-PCR started with the incu-
bation of samples at 95°C for 2 minutes, and repeated for 40
cycles with incubation at 95°C for 10 seconds followed by at 60°C
for 30 seconds. The cycle number at which the real-time PCR
reaction reached an arbitrarily determined cycle threshold (CT)
was recorded for both the mRNA and glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH), and the relative amount of
mRNA to GAPDH was described as 22T, where ACT, = (CT
(CT mRNA, — CT GAPDH,) and AACT,=(ACT, — ACT
mean).

Statistical Analysis

The quantitative variables were expressed as mean = stan-
standard deviation or median and compared by Student ¢ test or
Mann—Whitney U test. The categorical variables were presented
as values (percentage) and compared by Pearson x* test. The risk
factors for metabolic disorders were evaluated by logistic
regression analysis. The correlation was analyzed using Pearson
linear regression. Variables with statistical significance in uni-
variate analysis were transferred to a stepwise forward multi-
variate regression analysis. Haploview software and SNPStats
web tool (http://bioinfo.iconcologia.net/snpstats/start.htm) were
used to analyze the Hardy—Weinberg equilibrium and linkage
disequilibrium. SPSS version 13.0 (SPSS Inc, Chicago, IL) was
used to complete other statistical analysis. A P value of <0.05 was
considered to be statistically significant.

RESULTS

Association Between Donor PPARa Gene
Polymorphisms and Metabolic Disorder in Liver
Transplant Recipients

The genotype distribution was in accordance with the
Hardy—Weinberg equilibrium (Supplemental Table 1, http:/

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

links.lww.com/MD/A391). Two SNPs (rs1800206 and
rs4253728) were excluded from further analysis because of
an extremely low MAF. Strong linkage disequilibrium
(*>0.8) was not found.

A metabolic disorder developed in 46.0%, 40.5%, 30.7%,
and 28.4% of the study population at 1, 3, 6 months and 1 year
after LT, respectively. The distribution of the metabolic dis-
orders differed significantly between the wild-type and variant
genotypes in both the rs5767700 and rs5767743 loci (Table 2)
but not others (see Table, Supplemental Digital Content 3,
http:/links.Iww.com/MD/A391, which shows the incidence
of post-transplant metabolic disorders in different genotypes).
In logistic regression analysis, rs5767743 was significantly
associated with a metabolic disorder at 1 month (P =0.001,
odds ratio [OR]=0.364, 95% confidence interval
[CI]=0.207-0.640), 3 months (P =0.001, OR =0.366, 95%
CI=0.202-0.663), 6 months (P=0.011, OR=0.445, 95%
CI=0.239-0.828), and 1 year (P=0.008, OR=0.417, 95%
CI=0.218-0.799) after LT; rs5767700 was significantly
associated with a metabolic disorder at 1 month (P =0.004,
OR =0.454, 95% CI=0.265-0.776), 3 months (P=0.007,
OR =0.462, 95% CI=0.263-0.811), and 1 year (P =0.024,
OR =0.487,95% CI =0.261-0.908) following LT. In addition,
the incidence of hepatic steatosis did not differ significantly
between wild-type and variant genotypes of PPARa
gene polymorphisms.

Risk Factors of Metabolic Disorders Following LT

To exclude the remarkable impact of surgical stress on
metabolic status during early post-transplant period, we took the
presence of a metabolic disorder at 3 months as the final event in
the risk factors analysis. Along with the donor’s genetic factors,
the possible clinical risk factors including pretransplant (ie, age,
sex, cold ischemia time, BMI, model for end-stage liver disease
score, fasting plasma glucose, serum triglyceride, and choles-
terol) and post-transplant parameters (blood tacrolimus con-
centration, tacrolimus dose, acute kidney injury, and initial poor
graft function) were put into logistic analysis. In univariate
analysis, BMI, acute kidney injury, initial poor graft function,
blood tacrolimus concentration, donor PPAR« gene rs5767700,
and rs5767743 polymorphisms were found to be significantly
associated with metabolic disorders and subsequently entered
into multivariate analysis. Finally, the BMI, blood tacrolimus
concentration, and donor PPARa rs5767743 polymorphisms
were identified as the independent influencing factors of meta-
bolic disorders following LT (Table 3). Furthermore, because
the 2 loci were partially linked (+*=0.40), a haplotype was
established (see Table, Supplemental Digital Content 4, http://
links.lww.com/MD/A391, which presents the association
between haplotype and metabolic disorders following LT),
and the combination of the 2 SNPs showed the independent
predictive efficiency on the development of metabolic disorders
(Table 3).

The association between the blood tacrolimus concen-
tration and the development of a metabolic disorder was further
analyzed. There were significant differences in the blood
tacrolimus concentrations at 1 month (8.54+2.6 vs 7.7+
2.5ng/mL, P=0.031) and 3 months (8.3+22 vs 7.3+
2.4ng/mL, P=0.001) between the patients with and without
a metabolic disorder. The blood tacrolimus concentration was
significantly correlated with a metabolic disorder at 1 and 3
months after LT (P=0.017, r=0.180; P=0.001, r=0.241,
respectively).
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TABLE 2. The Incidence of Post-Transplant Metabolic Disorders in Different Genotypes

rs5767700 rs5767743
T/T (n=104) T/C (n=62) C/C (n=10) T/T (n=102) T/C (n=65) C/C (n=9)

Hyperglycemia

1-mo” 23 (22.1) 8 (12.9) 0 (0) 24 (23.5) 7 (10.8) 0 (0)

3-mo' 18 (17.3) 5(8.1) 0 (0) 17 (16.7) 5(7.7) 1 (11.1)

6-mo 11 (10.6) 6(9.7) 0 (0) 13 (12.7) 4(6.2) 0 (0)

1-y! 12 (11.5) 4 (6.5) 0 (0) 13 (12.7) 3 (4.6) 0 (0)
Hypertriglyceridemia

1-mot 34 (32.7) 14 (22.6) 1 (10.0) 35 (34.3) 14 (21.5) 0 (0)

3-mo” 32 (30.8) 11 (17.7) 1 (10.0) 32 (31.4) 12 (18.5) 0 (0)

6-mo 21(20.2) 8 (12.9) 1 (10.0) 21 (20.6) 9 (13.8) 0 (0)

1-y 18 (17.3) 5(8.1) 1 (10.0) 18 (17.6) 6(9.2) 0 (0)
Hypercholesterolemia

1-mo* 21 (20.2) 7 (11.3) 1 (10.0) 22 (21.6) 6(9.2) 1(11.1)

3-mo* 20 (19.2) 8 (12.9) 1 (10.0) 23 (22.5) 6(9.2) 0 (0)

6-mo 16 (15.4) 7 (11.3) 0 (0) 15 (14.7) 8 (12.3) 0 (0)

1-yr 15 (14.0) 5(8.1) 0 (0) 14 (13.7) 6(9.2) 0 (0)
Metabolic disorders

1-mo” 57 (54.8) 22 (35.5) 2 (20.0) 58 (56.9) 22 (33.8) 1 (11.1)

3-mo” 48 (46.2) 19 (30.6) 1 (10.0) 50 (49.0) 17 (26.2) 1(11.1)

6-mo* 37 (35.6) 16 (25.8) 1 (10.0) 38 (37.3) 16 (24.6) 0 (0)

1-y" 36 (34.6) 13 (21.0) 1 (10.0) 36 (35.3) 14 (21.5) 0 (0)

* P <0.05 if rs5767700 or rs5767743 T/C 4+ C/C versus T/T.
TP <0.05 if rs5767700 T/C 4 C/C versus T/T.
1P <0.05 if 1s5767743 T/C + C/C versus T/T.

Effect of Donor PPARa Gene Polymorphisms on
Tacrolimus Response and CYP3A4 Expression
The blood concentration (range: 1.87-22.02ng/mL) dif-
fered dramatically among individuals at 1 week following LT
(Figure 1) and the tacrolimus dose was adjusted accordingly.
Both the tacrolimus trough concentration/dose (C/D) ratio and

blood concentration were significantly lower in the rs5767700
C/C and T/C variant genotypes compared with the T/T wild-
type genotype at 1 week, 1 month, and 3 months following LT
(Figure 1). The rs5767743 genotypes showed similar effects
compared with the rs5767700 genotypes in regards to the
tacrolimus response.

TABLE 3. Risk Factors of the Metabolic Disorders (at 3 Months) Following Liver Transplantation

Univariate Multivariate
P OR (95%CI) P OR (95% CI)

Model 1

Body mass index, kg/m? 0.038 1.126 (1.007-1.260) 0.019 1.157 (1.024-1.307)

Acute kidney injury 0.049 3.142 (1.006-9.817)

Initial poor graft function 0.034 2.496 (1.070—5.822)

Tacrolimus concentration, ng/mL 0.002 1.241 (1.083-1.422) 0.005 1.230 (1.063-1.423)
Donor PPARa gene polymorphisms

1s5767700 (0=T/T, 1=T/C, 2=C/C) 0.007 0.462 (0.263-0.811)

1s5767743 (0=T/T, 1=T/C, 2=C/C) 0.001 0.366 (0.202-0.663) 0.005 0.416 (0.225-0.768)
Model 2

Body mass index, kg/m? 0.038 1.126 (1.007—-1.260) 0.021 1.154 (1.022-1.303)

Acute kidney injury 0.049 3.142 (1.006-9.817)

Initial poor graft function 0.034 2.496 (1.070—5.822)

Tacrolimus concentration, ng/mL 0.002 1.241 (1.083-1.422) 0.003 1.245 (1.077-1.439)
Donor PPARa gene polymorphisms

rs5767700 and rs5767743 (0 =T/T + any or any + T/T, 0.007 0.462 (0.263-0.811) 0.007 0.411 (0.214-0.789)

1=T/C+T/C,2=C/C+T/C, or T/C+C/C or C/C+C/C)

CI = confidence interval, OR = odds ratio.
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FIGURE 1. The tacrolimus trough concentration/dose ratio (A) and blood concentration (B) were different among the different genotypes
of rs5767700 and rs5767743. “P < 0.05 versus the T/T genotype using Student t test with a multiple test correction (Bonferroni). The data

are showed as box-and-whisker plot (A) and scatter dot plot (B).

Moreover, the effect of the donor PPAR« gene polymorph-
isms on gene expression was evaluated. The PPARa and
CYP3A4-1 mRNA expression increased in an allele-dependent
manner in the rs5767700 and rs5766743 variant genotypes
(Figure 2).

DISCUSSION

Several PPARa-coding polymorphisms have been
reported previously. For instance, genetic variant in
rs1800206 was found to be associated with increased serum
fasting cholesterol and triglyceride levels,'* and high insulin
resistance.'® Genetic variants in rs1800234 and rs4253778 were
related with low lipid levels, and had protective roles in
hyperlipidemia, obesity, and cardiovascular diseases.'® How-
ever, ethnological diversity greatly limited the verification of
these findings in the Han Chinese population. Because of
extremely low MAF, these loci were excluded. Instead, another
6 loci with MAFs of >0.2 and r* values of >0.8 were included.
Among these loci, 2 polymorphisms, both of which are C to T
substitutions at intron 5 of the PPARa gene (rs5767700,
Position: 46612672 and rs5767743, Position: 46621994), were
revealed to be associated with the development of a metabolic
disorder. The donor genetic variants of these 2 loci showed a
significant reduction in the incidence of diabetes and hyperli-
pidemia in liver transplant recipients. Furthermore, the C to T
variant in the donor PPAR« gene 1s5767743 locus was demon-
strated to be an independent protective factor against a meta-
bolic disorder following LT and presented an equal predictive
efficiency when combined with the 2 SNPs. This suggests that

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

rs5767743 may have a closer association with the development
of a metabolic disorder following LT than rs5767700.

To investigate the possible mechanism, we compared the
expressions of hepatic PPARa mRNA among different geno-
types and found that both splicing patterns of PPARa gene,
encoding the same protein, had higher expression levels in the
variant genotypes than the wild-type genotype. Because an
induction of hepatic PPARa gene expression level could
improve hyperlipidemia and hepatic steatosis,>® we speculated
that genetic variants in the hepatic rs5767743 and rs5767700
loci may increase the PPAR« gene expression level and sub-
sequently ameliorate the development of a metabolic disorder,
although a detailed mechanism still needs to be explored.

Another important finding was that genetic variants in the
donor rs5767743 and rs5767700 loci could not only elevate the
PPARa mRNA expression, but could also upregulate the
expression of hepatic CYP3A4. This result is consistent with
previous reports that a potent PPAR« agonist (WY 14643) could
lead to a 3-fold induction of CYP3A4 in human hepatocytes,
whereas the antagonist MK886 or PPAR« silencing resulted in
a remarkable suppression.'” Consequently, the hepatic tacroli-
mus metabolism was accelerated, and the tacrolimus trough C/
D ratio was decreased. It is important to note that the tacrolimus
dose requirements differ sharply among individuals, and it
would take >1 month to adjust the blood concentration within
a reference range. Tacrolimus is a concentration-critical drug,
and its high blood concentration has been considered to be an
independent risk factor for new-onset diabetes® and hyperlipi-
demia'® in Chinese liver transplant recipients. To avoid drug
toxicity during the ‘‘adjustment’’ time, we did not increase the

www.md-journal.com | 5
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FIGURE 2. Hepatic PPARa (Splice pattern: PPARa-3 [A] and PPARa-5 [B]) and CYP3A4 (Splice pattern: CYP3A4-1 [C] and CYP3A4-2 [D])
mRNA expressions differed among different genotypes of rs5767700 and rs5767743. ¥ P < 0.05 versus the T/T genotype using Mann—
Whitney U test with multiple test correction (Bonferroni). The data are showed as box-and-whisker plot.

drug dose when the blood concentration was within the
reference range.

BMI is an independent influencing factor for the devel-
opment of a metabolic disorder following LT. In Western
countries, overweight and obesity are severe social problems,
and increase the likelihood of various diseases, including
diabetes, hyperlipidemia, and cardiovascular disease.'® A num-
ber of studies have shown that high pretransplant BMI signifi-
cantly increased the risk of metabolic disorders following LT."?
However, as we reported in the previous study,® liver transplant
candidates are more likely to be malnutrition rather than obesity
in China. BMI is much lower in Chinese patients compared with
those from Western countries. In this study, no patient was
obese (BMI >30kg/m?), neither pretransplant nor post-trans-
plant. Therefore, whether overweight contributes to the devel-
opment of a metabolic disorder in Chinese liver transplant
recipients still needs to be investigated.

There were some limitations in this study. First, the study
sample was relatively small. Considering the rarity of adequate
donor liver tissues, this study has provided considerable donor
genetic data. Second, there was a low incidence of post-trans-
plant hypertension and obesity, so these factors were excluded.
Third, patients receiving donors with moderate hepatic steatosis
(>30%) were excluded to minimize the influence of fatty liver
itself in the recipients’ metabolic disorders and better elucidate
the effect of genetic factors. But this is a bias when analyzing
the association between PPARa gene polymorphisms and
hepatic steatosis. Whether these genetic variants were associ-
ated with metabolic status in normal people needs to be
further explored.

In conclusion, the present study is the first study to provide
evidence that donor liver PPARa genetic variants are indepen-
dently associated with the development of a metabolic disorder
in liver transplant recipients. The genetic variants in 2 loci
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(rs5767700 and rs5767743) could be novel genetic determi-
nants of CYP3A4 expression and had an impact on the tacro-
limus response. Therefore, the detection of donor PPAR«a gene
polymorphisms may help to evaluate the risk of developing a
metabolic disorder and the tacrolimus dose requirement
following LT. In addition, hepatic PPARa expression is
reported to be associated with ischemia-reperfusion injury.’
Therefore, strategies based on hepatic PPARa regulation have
the potential to improve the prognosis of patients undergoing
LT?' and to expand the organ donor pool, which is in
great shortage.
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