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Abstract Heme oxygenase-1 has been identified to protect
allograft from ischemia/reperfusion and immunologic rejec-
tion. Activity of heme oxygenase-1 is regulated by a
guanine-thymine dinucleotide length polymorphism in the
heme oxygenase-1 gene promoter. In this study, we aimed to
explore the impact of the heme oxygenase-1 gene promoter
polymorphism of donors and recipients on the orthotopic liver
graft function after transplantation. Sixty recipients and their
accompanying donors of orthotopic liver allografts were in-
cluded retrospectively in this study. Heme oxygenase-1 gene
promoter polymorphism was assessed using genomic DNA
isolated from cryopreserved splenocytes or peripheral blood
mononuclear cells and analyzed by genetic analyzer. Small
allele of the donor heme oxygenase-1 gene polymorphism
significantly prolonged the graft survival (p=0.017). Recipi-
ents of allografts from a class of small-allele carrier had sig-
nificantly lower serum total bilirubin compared with recipi-
ents of a nonclass small-allele donor liver (p<0.01).

Additionally, in recipients of small-carrier allografts, cold is-
chemia time (<10 h or ≥10 h) did not affect the total bilirubin
significantly. Our study suggested a protective function of
donor-derived heme oxygenase-1 gene promoter polymor-
phism on orthotopic liver allograft function after
transplantation.
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Introduction

Heme oxygenase-1 (HO-1) catalyzes the rate-limiting steps in
heme degradation to carbonmonoxide, iron, and bilirubin. HO-
1 has the ability of protecting against oxidative stress in vitro
and in vivo [1, 2]. In organ transplantation, the experimental
study provided evidences that HO-1 effectively protected liver,
heart, and islet allografts or xenografts against ischemia/
reperfusion injury and improved the grafts’ survival [3–6].

A guanine-thymine (GT)n dinucleotide repeat polymor-
phism that modulates the level of HO-1 inducibility was iden-
tified in the promoter region on chromosome 22q13.1 of hu-
man HO-1 gene facing oxidative stress [7, 8]. Short (GT)
repeats were found to be associated with significant upregula-
tion of HO-1 in response to inflammatory stimuli [7, 8]. The
biological activity of HO-1 is associated with the number of
(GT)n repeats [8]. It was demonstrated that a cutoff of 25 GT
had been associated with a differential expression of
postangioplasty inflammatory response in patients with pe-
ripheral artery disease [9]. However, up to date, the clinical
significance of HO-1 gene polymorphism remains unknown
in liver transplantation. Therefore, in the present study, we
hypothesized that the HO-1 promoter gene polymorphism
would influence orthotopic liver allograft function.
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Methodology

Patients

Between June 2005 and December 2010, a consecutive 60
cases of non-tumoral hepatitis B-related liver cirrhosis who
underwent orthotopic liver transplantation performed by our
surgical team were retrospectively enrolled. Cryopreserved
splenocytes or peripheral blood mononuclear cells from the
60 recipients and their accompanying donors were available
for DNA isolation. Complete database was available for all the
recipients and donors. Graft survival was defined as the period
from the time of surgery to the time of graft failure. This study
protocol conforms to the ethical guidelines of the 1975 Dec-
laration of Helsinki as reflected in a prior approval by the
institution’s human research committee of Shanghai Jiao Tong
University, and informed consent was obtained from each
patient included in the study.

Genotyping of the Polymorphism in the HO-1 Promoter

Genomic DNA was isolated from peripheral blood mononu-
clear cells or spleen cells using the MagNA Pure isolation kit I
(Roche Diagnostics GmbH, Mannheim, Germany). The 5′
flanking region containing (GT)n repeats of the HO-1 gene
on chromosome 22q13.1 was amplified by PCR followed by
fragment analysis of the amplified PCR product. For PCR, a 5′
FAM labeled forward primer (5′-FAM-AGAGCC TGC AGC
TTC TCA GA-3′) and a reverse primer (5′-ACA AAG TCT
GGC CATAGG AC-3′) were used to amplify a 91- to 151-bp
fragment containing the GT-repeat. Fragment length depends

on the number of GT repeats. PCR was performed in a
GeneAmp® PCR System 9700 (Applied Biosystems). After
10 min, at 94 °C, the DNA samples were subjected to 40 cy-
cles of denaturation at 94 °C for 20 s, annealing at 60 °C for
10 s and extension at 72 °C for 20 s. The last cycle was
extended with 7 min at 72 °C. Amplified DNAwas denatured
and genotyped using the fragment analysis method by an ABI
PRISMTM 3100 Genetic Analyzer with GeneScan TM anal-
ysis software 3.7 (Applied Biosystems).

Statistics

Continuous data were expressed as the mean±standard devi-
ation. The chi-square test was used to compare proportions,
and the Student’s t test was used for comparison of continuous
data. Cumulative survival was analyzed by Kaplan-Meier
method. All statistics were performed with SPSS 13 (Chicago,
IL, USA). A p value <0.05 was considered statistically
significant.

Results

HO-1 Genotype Distribution in the Recipients and Donors

The allele distribution in the donors and recipients was given
in Fig. 1. The allele distribution between recipients and donors
was comparable, and 18 different repeat alleles for the recip-
ients and 20 alleles for the donors were found, ranging from
14 to 35 repeats (median 25 repeats). The distribution of the
(GT)n repeat alleles was comparable between recipients and

Fig. 1 Allele frequencies of the heme oxygenase-1 guanine-thymine repeat polymorphism in liver allograft donors and recipients. (GT)n guanine-
thymine
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donors (p=0.250). The distribution of the (GT)n repeat alleles
was bimodal, with one peak at allele 23 and the other at allele
30, similar as reported in other literatures [7, 10]. Based on
this observation, a previous description [11], and because the
number of repeats was inversely correlated to HO-1 produc-
tion and activity, we divided the alleles into two subclasses,
one with ≤25 repeats (the short (S) class) and one with >25
repeats (the long (L) class). The HO-1 genotype was com-
posed of a combination of S- and/or L-alleles with genotypes
SS, SL, and LL. The frequencies of the genotype groups were
shown in Table 1. Genotype distribution for the recipients and
donors was found to be in Hardy-Weinberg equilibrium.
A comparison of recipients of class S-allele liver and
nonclass S-allele liver was shown in Table 2. No signifi-
cant imbalances were found between the genotypes in
age, gender, cold or warm ischemia time, or occurrence
of acute rejection.

HO-1 Genotype and Liver Allograft Outcome

Graft survival of donor livers with the SL genotype were
comparable to that of the SS homozygotes (log rank, p=
0.81) and significantly higher than the donor livers with LL-
genotype (log rank, p=0.015) (Fig. 2a). However, graft sur-
vival did not differ significantly according to the recipients’
HO-1 genotypes (log rank p=0.93) (Fig. 2b). The above re-
sults indicated that the S-allele was dominant over the L-allele.
For this reason and for statistical power, we performed the
analysis based on S-carriers (SS and SL) and L-homozygotes.
As a result, graft survival was found to be associated with
donor and not recipient HO-1 genotype (log rank p=0.017
vs 0.229) (Fig. 2c, d).

HO-1 Genotype and Liver Allograft Function

The recipients of liver allografts carrying class S-allele had
significantly lower serum total bilirubin levels compared with
recipients of allografts carrying no class S-allele at months of
6, 12, 18, 24, and 36 (p<0.01) (Fig. 3a). The cold ischemia
time was ≥10 h in 38.3 % (23/60) of the donors. A substantial
lower serum bilirubin level in recipients of S-carrier allografts
than recipients of non S-carrier grafts was found at months of

6, 12, 18, 24, and 36 postoperatively when the cold ischemia
time of liver allografts was ≥10 h (p<0.01) (Fig. 3b). Howev-
er, serum bilirubin level in recipients of liver allografts from S-
carriers that were exposed to <10 h of cold ischemia were not
significantly lower than that of recipients of allografts from L-
homozygotes (Fig. 3b). Additionally, in recipients of S-carrier
allografts, cold ischemia time (<10 h or ≥10 h) did not affect
the total bilirubin level significantly (Fig. 3c). But in recipients
of allografts from L-homozygotes, cold ischemia time dramat-
ically influenced the total bilirubin level (Fig. 3c).

Discussion

It is well-known that HO-1 is induced by a variety of different
stimuli and HO-1 expression may protect cells from stress
after heat shock, inflammation, or ischemia [2]. The catalytic
by-products, CO, iron, and bilirubin, have been demonstrated
to mediate anti-inflammatory, antioxidative, and antiapoptotic
effects [2, 12–15]. CO was identified to suppress inflammato-
ry cytokines and influence neutrophil migration [16, 17]. Bil-
iverdin and bilirubin have been shown to inhibit monocyte
chemotaxis and complement activation [18, 19]. HO-1 induc-
ibility is modulated by a dinucleotide length polymorphism in
the promoter region of the HO-1 gene. Short repeats (less than
25 GT repeats) were reported to confer a preferential induc-
ibility of HO-1[7, 8]. A series of transplant models demon-
strated that upregulation of HO-1 is beneficial for both allo-
graft function and survival [3–5]. In addition, HO-1 affects
xenograft as we found in our previous study that HO-1 over-
expression prolonged the islet xenograft function and survival
[6].

In the present study, we firstly demonstrated that a donor
HO-1 gene promoter polymorphism might influence long-
term orthotopic liver allograft outcome. Recipients of livers
from S-allele carriers showed significantly longer graft surviv-
al and lower total bilirubin levels compared with recipients of
livers from non-S-allele carriers, indicating a better graft func-
tion and survival. In addition, we found that donor livers with

Table 1 Distribution of
heme oxygenase-1
genotypes in the
recipients and donors

Recipient Donor

SS 14 12

SL 19 20

LL 27 28

Total 60 60

SS short-short, SL short-long, LL long-long

Table 2 Demographic characteristics of recipients of class S-allele liver
allografts versus recipients of non-class S-allele allografts

Characteristics Class S liver
recipients
(n = 32)

Non-class S liver
recipients
(n = 28)

p value

Age (years) 49.2 ± 8.1 50.4 ± 7.1 NS

Gender (male/female) 22/10 18/10 NS

Cold ischemia time (min) 630 ± 315 798 ± 243 NS

Warm ischemia time (min) 29.1 ± 8.9 31.3 ± 6.3 NS

Acute rejection (N/Y) 25/7 21/7 NS

S short, NS not significant, N/Y No/Yes
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S-allele exposed to prolonged cold ischemia times (≥10 h) had
a comparable graft function as donor livers with S-allele
experiencing short ischemia times (<10 h) and donor livers
with S-allele displayed a better graft function than L-
homozygote counterparts experiencing prolonged cold ische-
mia times (≥10 h), suggesting that donor derived HO-1 S-
allele counteracts the late effects of ischemia/reperfusion inju-
ry. This finding has important implications.When the frequen-
cy of grafts is L-homozygote, the injury is not limited by HO-
1, and therefore, the graft should be transplanted as soon as
possible.

Donor-derived HO-1 S-allele was not able to prevent
against the occurrence of acute rejection shown in the present
study (Table 2). In spite of our findings in clinical liver trans-
plantation, HO-1 was shown to modulate inflammatory re-
sponses in a transgenic mouse model [20]. We speculate that
in the mice, the HO-1 expression levels are much higher than
the intrinsic HO-1 in human stressed liver cells. This might
explain why in the clinical setting HO-1 does not prevent the
occurrence of rejection. Furthermore, recipients of liver trans-
plant, in contrast to the transgenic mice, receive immunosup-
pressive medication which may affect the benefits of HO-1.

Fig. 2 a, b Kaplan-Meier curves for graft survival in relation to donor
and recipient heme oxygenase-1 guanine-thymine dinucleotide repeat
gene polymorphism. The heme oxygenase-1 genotype is composed of a
combination of short ≤25 alleles, and/or long (>25 repeats) alleles with
the genotypes short-short, short-long, and long-long. According to
donors’ heme oxygenase-1 genotypes, graft survival rates of donor
livers with the short-long genotype are comparable to that of the short-
short homozygotes (log rank p=0.81), and significantly higher than the
donor livers with long-long genotype (log rank p=0.015). However, graft
survival rates did not differ significantly according to the recipients’ heme

oxygenase-1 genotypes (log rank p=0.93). SS short-short, SL short-long,
LL long-long. c, d Kaplan-Meier curves for graft survival in relation to
donor and recipient heme oxygenase-1 guanine-thymine dinucleotide
repeat gene polymorphism. The heme oxygenase-1 genotype was
stratified in patients and donors as carriers vs. noncarriers of short
allele. According to donors’ heme oxygenase-1 genotypes, the survival
of short-allele grafts were significantly longer than grafts of long
homozygotes (log rank p=0.017). However, graft survival rates did not
differ significantly according to the recipients’ heme oxygenase-1
genotypes (log rank p=0.229). S short, L long
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Taken together, the present study provided the first evi-
dence that the HO-1 gene promoter genotype of the donor
may affect long-term orthotopic liver allograft function and

survival. However, the mechanisms underlying the described
findings in the present study should be further clarified in the
experimental studies.

Fig. 3 Serum total bilirubin values (umol/dl) at 6, 12, 18, 24, and
36 months in recipients of livers from carriers versus noncarriers of the
class short allele. aRecipients of liver allografts carrying at least one class
short allele had significantly lower serum total bilirubin levels compared
with recipients of allografts carrying nonclass short-allele at months of 6,
12, 18, 24, and 36 (p<0.01). bWhen the time of cold ischemia time was
≥10 h, a substantial lower serum bilirubin level in recipients of short-
carrier allografts than recipients of non-short-carrier grafts at months of

6, 12, 18, 24, and 36 was observed (p<0.01). However, serum bilirubin
levels in recipients of liver allografts from short-carriers that were
exposed to <10 h of ischemia were not significantly different from
those of recipients of allografts from long homozygotes. c In recipients
of short-carrier allografts, cold ischemia time (<10 h or ≥10 h) did not
affect the total bilirubin level significantly. But in recipients of allografts
from long homozygotes, cold ischemia time dramatically influenced the
total bilirubin level. S short, L long
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